


FRONTISPIECE 

Logging Section S23 at Foybrook-Main Open Cut 
(South). Note the massively bedded f i n e sand­
stone which forms the middle part of the large 
s c a l e i n c l i n e d s t r a t a . Above the t h i c k l y bedded 
f i n e sandstone are thi n n e r interbeds of s i l t -
stone and f i n e sandstone. The s i l t s t o n e and 
shale then predominates to the top of the 
h i g h w a l l . Below the t h i c k bedded sandstone i s 
a un i t of s i l t s t o n e , f i n e l y bedded which o v e r ­
l i e s the L i d d e l l Coal Seam (not seen in t h i s 
photograph; see al s o F i g . 2 2 ) . 



C H A P T E R 1 

INTRODUCTION 



This report documents a s p e c t a c u l a r t a b u l a r development of 

large s c a l e i n c l i n e d bedding in the Upper Permian S i n g l e t o n Coal Measures 

of the northern Sydney Basin and examines i t s l i k e l y o r i g i n . Unless 

otherwise s t a t e d , the term "crossbeds" w i l l be used synonymously f o r 

" i n c l i n e d bedding", and the word "crossbeds" (or "cr o s s b e d d i n g " , " c r o s s -

s t r a t a " , " c r o s s - s t r a t i f i c a t i o n " e t c . ) , w i l l be used s t r i c t l y as a 

d e s c r i p t i v e , geometric term as defined by the American G e o l o g i c a l I n s t i ­

t u t e (1962, p. Ikk) : "the arrangement of laminations Cor beds] of s t r a t a 

transverse or oblique to the main planes of s t r a t i f i c a t i o n of the s t r a t a 

concerned; i n c l i n e d , often l e n t i c u l a r beds between the main bedding 

planes". Mo genetic connotations are implied by the use of these terms 

unless otherwise i n d i c a t e d . * 

The crossbeds considered here are e x c e p t i o n a l in two r e s p e c t s : 

f i r s t l y , t h e i r imposing sc a l e - maximum set thi c k n e s s i s almost 50 m; 

A f u r t h e r t e r m i n o l o g i c a l p r o b l e m a r i s e s l a t e r i n t h i s r e p o r t w i t h 
r e g a r d t o t h e v e r b a l s c a l e d e s i g n a t i o n o f c r o s s b e d d i n g a n d c r o s s -
l a m i n a t i o n s t r u c t u r e s d e v e l o p e d on t h e more common s c a l e o f c e n t i ­
m e t r e s t o d e c i m e t r e s as o p p o s e d t o t h e m e t r e s t o t e n s - o f - m e t r e s s c a l e 
w h i c h c h a r a c t e r i z e s t h e g i a n t c r o s s b e d s t r u c t u r e s c o n s i d e r e d t h r o u g h ­
o u t t h i s w o r k . I n h i s c l a s s i f i c a t i o n o f c r o s s b e d d i n g A l l e n (1963) 
d i s t i n g u i s h e s two s c a l e c a t e g o r i e s w h i c h he d e s i g n a t e s " s m a l l s c a l e " 
and " l a r g e s c a l e " a n d w h i c h h e s e p a r a t e s a t a s e t - t h i c k n e s s o f 5 cm. 
T h i s s u b d i v i s i o n i s b a s e d on t h e r a t i o n a l e t h a t t h e r e i s a n a t u r a l 
s e p a r a t i o n o f s i z e - p o p u l a t i o n s o f c r o s s b e d s p r o d u c e d b y t r a c t i o n -
t r a n s p o r t phenomena a t a b o u t t h i s s e t - t h i c k n e s s , a n d t h a t t h i s 
n a t u r a l s i z e - f r e q u e n c y r e f l e c t s , i n t u r n , n a t u r a l p o p u l a t i o n s o f 
t r a c t i o n - i n d u c e d b e d f o r m s known r e s p e c t i v e l y a s r i p p l e s ( a t t h e 
l o w e r e n d o f t h e s c a l e ) and d u n e s ( a t t h e h i g h e r e n d o f t h e s c a l e -
t h o u g h o t h e r b e d f o m t e r m s h a v e b e e n u s e d f o r g e n e r a t i v e b e d f o r m s 
w h i c h a r e known t o p r o d u c e c r o s s b e d d i n g o n s c a l e s o f more t h a n a 
few d e c i m e t r e s o r so) . B e c a u s e t h e t e r m " l a r g e s c a l e " i s u s e d 
h e r e i n f o r i n c l i n e d b e d d i n g s t r u c t u r e s o f e x t r a o r d i n a r y s e t - t h i c k n e s s 
i t i s d e s i r a b l e t o e m p l o y an a l t e r n a t i v e s c a l e t e r m i n o l o g y f o r 
A l l e n ' s two c a t e g o r i e s o f c r o s s b e d s . H e n c e t h e t e r m s " c e n t i m e t r e -
s c a l e ' ' and " d e c i m e t r e - s c a l e " w i l l b e u s e d i n s t e a d o f A l l e n ' s " s m a l l 
s c a l e " and " l a r g e s c a l e " r e s p e c t i v e l y , f o r q u a l i f y i n g c r o s s b e d d i n g 
s t r u c t u r e s w i t h s e t - t h i c k n e s s e s o f l e s s t h a n a b o u t 0 . 3 m ( w h i c h i s 
t h e a p p r o x i m a t e u p p e r l i m i t o f s e t - t h i c k n e s s e n c o u n t e r e d i n ' n o r m a l ' 
c r o s s b e d s i n t h e p r e s e n t s t u d y a r e a ) . 
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secondly, t h e i r h e t e r o l i t h i c c h a r a c t e r ( t y p i c a l l y there i s v a r i a t i o n 

in l i t h o l o g y between adjacent crossbeds and on a s t i l l l a r g e r s c a l e the 

bulk l i t h o l o g y shows l a t e r a l v a r i a t i o n from one part o f the crossbed 

set t o another). Reports of s t r u c t u r e s w i t h these or s i m i l a r c h a r a c t e r ­

i s t i c s are rare i n the g e o l o g i c a l l i t e r a t u r e and of those recorded very 

few have received d e t a i l e d i n v e s t i g a t i o n (see Appendix 1). As a conse­

quence, no doubt, the s t r u c t u r e i s unrecognized in c u r r e n t c l a s s i f i c a t i o n 

schemes of crossbedding such as that of A l l e n (1963) and i t s g e n e t i c 

s i g n i f i c a n c e accordingly remains obscure. 

In A u s t r a l i a s t r u c t u r e s of the type considered here were f i r s t 

reported by S i r Edgeworth David (1907) from c o a s t a l exposures of the 

Newcastle Coal Measures and a d d i t i o n a l examples from the coal measure 

sequences have been encountered more r e c e n t l y in open cut mines in both 

the northern Sydney Basin (Bunny 1967, p. 87; B r i t t e n 1972; B r i t t e n 

and others 1975; Booker and others 1953, P- 146) and the Bowen Basin 

region of Queensland ( B u r g i s , 1975). Examples are a l s o known from c o a s t a l 

exposures of the T r i a s s i c Newport Formation (Narrabeen Group) of the 

Sydney Basin at Avalon, near Sydney ( F i g . 1) where they have been s t u d i e d 

by Labutis (1973), R e t a l l a c k (1973, 1974) and Packham (1976). Table 1 

h i g h l i g h t s the gross c h a r a c t e r i s t i c s of some of these A u s t r a l i a n examples 

mentioned above. 

Of the two v a r i e t i e s of large s c a l e h e t e r o l i t h i c crossbedding 

recognized in the elaborate c l a s s i f i c a t i o n scheme of A l l e n (1963), each 

d i f f e r s in g e n e t i c a l l y important c h a r a c t e r i s t i c s from the v a r i e t y 

considered in t h i s study ( F i g . 2). In both of A l l e n ' s c a t e g o r i e s , that 

is Eta and E p s i l o n crossbedding, the lower bounding s u r f a c e of the cross-

bed set i s g r o s s l y i r r e g u l a r and e r o s i o n a l , and the crossbed sets are 

r e s p e c t i v e l y trough shaped and t a b u l a r . Though the gross shape of the 



FIGURE 1: 

Large s c a l e , grouped, h e t e r o l i t h i c crossbeds w i t h non-erosional 
bases, B i l g o l a Head, South Avalon, Sydney ( T r i a s s i c Newport 
Formation, Narrabeen Group). The thi c k n e s s of the crossbed 
sets i s 8 m - 10 m. See Table 1 f o r a d d i t i o n a l d e t a i l s of these 
Avalon s t r u c t u r e s . 



TAELE 1: 

GROSS CHARACTERISTICS OF SOME AUSTRALIAN EXAMPLES THE LARGE fCALE, TABULAR. HETERQLITHIC CKPSSgEDS* 

Locali ty, 

St rati graphic 
Occurrence, and 
Data Sources 

Avalon (Sydney Area), 
Triassic Newport FM. 
(Labutis 1973; 
Retallack'1973, 197*; 
plus Personal 
Observations) 

Coastal Exposures South 
of Newcastle. Permian 
Newcastle Coal Keasures 
(David 1907, plus 
Pe rsonal O'jserva: I ons 
£ Conaghnr. Personal 
Communicat ion) 

Open Cut Exposures 
at Foybrook and 
Howick, near 
Singleton. Permian 
Singleton Coal 
Measures (Present 
Report) 

Open Cut Exposures 
at Siackwuter, 3owen 
Basin, Queensland. 
Pe tm\ cn Rnn<ial 
Coal Measures 
(Burgis 1975) 

Vertical Scale 10 m Max. set thickness 
approx. 30 m. 

Sec thickness varies 
regionally from 25 
to i*8 m 

Ranges between 19.5 n> 
to M m 

Lateral Scale 3C0 m 
Km's to tens of Km's 7 kttS mi ntT.an HInlmja of k. 6 km 

Vert!cal 
G roup Ing 

Grouped Mostly sol 1tary, 
possibly some 
grouping 

So 11tary Mostly sol 1 tary , 
pessibly some 
5 roup ing 

Lithology Sandstone, si l t s t o n e , 
muds tone, i nt raform-
ational muds tone 
breccia 

Conglomerates, pebbly 
sandstones, and sand­
stones 

Medium to fine sand­
stone, mudstone, 
s i l t s t o n e , coal 

Mudstone, s i l ' s t o n e , 
carbonaceous shale 
and sandstone 

Gross Set 
Gcome t ry 

Tabular Tabular Tabular Tabular 

Maximum Inclin- 15 
at ion of 
Foresets 

Maximum of 25 - 30 
(ciLlmcte at Redhead) 

Maximum of 29 in 
forese ts ; ml n I mum 
of k° in topsets 

No data 

Gro^s Ccc.-*;ry 
of Crossbeds 
Viev-ed in 
Vertical Section 
Normal to Forc-
set Strike (cf. 
Terninology in 
Allen 1968, 
P. 99). 

c
, i jr. o! <ie I Tangential, 

angular 
and Mostly 

sigmoidal 
Vr.r i ab le , Including 
tangent I a 1, angular, 
curvl 1 i near-cor, vex-
up , and sigmoidol 

Nature of Lower Planar and non- Planar and non- Planar and non- Lever contact plcn3r, 
and Upper eros i onal. erosional, always erosional, bottom non-eros tonal «nd 
Bounding Contacts between sharply defined contact sharply sharply defined: 
Surfaces of sets are grad- defined, top Upper contact grad-
Sets ational because contact commonly at'onal because of 

of strong more gradational strongly asymptotic 
development of because of strong re lot ionship of 
topsets and development of Inclined beds to 
bottomsets topset. the contact. 

Geometry of 
Foreset Traces 
in PI an-View 

No d>'ita *»va liable to 
resolve larger-scale 
con figurat ion. 
Wave-cut platform 
exposures show con­
figuration to he 
straight to concave 
(towards foreset dip 
direction) over scale 
of M's to tens of 
M'S 

No data available to 
resolve larger-seale 
configuration. 
Wave-cut platform 
exposures show traces 
to be essentially 
straight over d i s ­
tances of many tens 
of metres locally 

\ 

Regional swing in 
strike of foresets 
surges Is a regionally 
lobate configuration 
(that is convex 
towards direct ion of 
foreset dip) 

No data 

Associated 
Foss iIs 

Plant f o s s i l s Plant f o s s i l s Piar.t fossi Is Plant anj f i s h f o s s i l s 

Association of 
Crossbed Set 
With Coal Se.^3 

None Crossbed set usually 
overlies coal seam 

Crossbed set overlies Crossbed sots overlie 
coal seam coal seams 

' This compilation does not Include the epsilon crossbedding category of Allen (1963). 



FIGURE 2: 

A and B: Gross c h a r a c t e r i s t i c s of the two v a r i e t i e s of 

large s c a l e h e t e r o l i t h i c crossbedding f e a t u r e d 

in the crossbed c l a s s i f i c a t i o n scheme o f 

Al len (1963) ; 

C: Gross c h a r a c t e r i s t i c s of the v a r i e t y of t a b u l a r , 
large s c a l e h e t e r o l i t h i c crossbedding concerned 
wit h in the present r e p o r t . Note s u p e r f i c i a l 
s i m i l a r i t y of E p s i l o n crossbedding and the 
v a r i e t y i l l u s t r a t e d at C but presence o f an 
er o s i o n a l lower bounding surface of the E p s i l o n 
crossbed set and absence of such an e r o s i o n a l 
surface i n C. 
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crossbed sets o f t h i s report i s t a b u l a r (see Table l ) they are bounded 

by planar non-erosional lower bounding surfaces and consequently must 

o r i g i n a t e in d i s t i n c t l y d i f f e r e n t ways from those which are known or 

b e l i e v e d t o produce the Eta and E p s i l o n v a r i e t i e s of A l l e n . These two 

r e s t r i c t i o n s in p a r t i c u l a r - f i r s t l y the non-erosional nature of the 

lower bounding surface of the s e t s , and secondly the g r o s s l y t a b u l a r or 

s h e e t - l i k e geometry of the sets - place t i g h t c o n s t r a i n t s on the p o s s i b l e 

types of d e p o s i t i o n a l processes by which the s t r u c t u r e s may have formed. 

The o v e r a l l l a r g e v e r t i c a l s c a l e of the s t r u c t u r e s , together w i t h t h e i r 

v a r i e d h e t e r o l i t h i c nature and the evident non-marine environmental 

a f f i n i t i e s of the A u s t r a l i a n s t r u c t u r e s (see Table l ) , provide other con­

s t r a i n t s though the environmental s e t t i n g of the s t r u c t u r e i s more v a r i e d 

when examples in other countries are considered (Appendix 1) . 

In the coal measure examples mentioned above the crossbed sets 

are almost i n v a r i a b l y developed immediately above coal seams (Table 1) 

and t h i s a s s o c i a t i o n has caused some authors t o i n f e r a secondary 

compactional o r i g i n f o r the crossbed s t r u c t u r e s (e.g. B r i t t e n 1972, 1375; 

B r i t t e n and others 1975; Burgis 1975)- Nevertheless in s i t u a t i o n s where 

the s t r u c t u r e (crossbed set or sets) i s not a s s o c i a t e d w i t h coal (as in 

the T r i a s s i c Newport Formation, F i g . 1, Table 1) i t s geometry i s in no 

way markedly d i f f e r e n t from b e f o r e , suggesting perhaps that a s p e c i a l 

compactional o r i g i n l i n k e d to the presence of u n d e r l y i n g peat deposits 

is not wholly necessary in the general case. 

Where a primary d e p o s i t i o n a l o r i g i n has been proposed f o r the 

A u s t r a l i a n examples, the suggested process has i n v o l v e d l a t e r a l progra-

dation of levee banks w i t h i n a f l u v i a l or f l u v i o - d e l t a i c system. This 

has been suggested, f o r example, by Labutis ( 1973) , R e t a l l a c k (1973, l'J/
z
t) 

snd Packham (1976) f o r the T r i a s s i c s t r u c t u r e s at Avalon and by Gunny 
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(1967) f o r the Permian s t r u c t u r e at Foybrook in the S i n g l e t o n Coal 

Measures. Where the s t r u c t u r e has been i n v e s t i g a t e d in o t h e r c o u n t r i e s 

i t has u s u a l l y been i n t e r p r e t e d to have formed through the progradation 

of a c l a s s i c a l d e l t a i c system i n v o l v i n g the generation o f prominent 

t o p s e t , f o r e s e t and bottomset beds in d e l t a - t o p , d e l t a - f r o n t and pro-

d e l t a environments r e s p e c t i v e l y (see Appendix 1 ) . 

The present study was undertaken to document the nature of 

these s t r u c t u r e s at one or more l o c a l i t i e s in the Sydney Basin and to 

examine t h e i r l i k e l y o r i g i n in view of the d i v e r s e p r o c e s s e s , both primary 

and secondary, to which they have been v a r i o u s l y a t t r i b u t e d . A reconn­

aissance of the crossbed s t r u c t u r e s in the Hunter V a l l e y coal f i e l d s 

q u i c k l y e s t a b l i s h e d that the large scale crossbed set which is developed 

there immediately above the main L i d d e l l Coal Seam in the Liddel1-Foybrook 

-Howick a r e a , o f f e r e d major advantages f o r study and t h i s s t r u c t u r e was 

consequently s e l e c t e d f o r p a r t i c u l a r emphasis. Time c o n s t r a i n t s precluded 

d e t a i l e d work on the large s c a l e crossbed s t r u c t u r e s that were known to 

occur outside t h i s area, though most of the known examples exposed in 

coastal exposures between Sydney and Newcastle have been examined at r e ­

connaissance l e v e l in order to compare t h e i r major c h a r a c t e r i s t i c s (Table 

1 ) . 

The choice of the p a r t i c u l a r s t r u c t u r e at L i d d e l l f o r major 

study was influenced by the f o l l o w i n g c o n s i d e r a t i o n s : 

(1) Large l a t e r a l extent of the s t r u c t u r e : the crossbed 

set was observed to o v e r l i e the main L i d d e l l Coal Seam wherever 

t h i s seam was exposed in the open c u t s . The i n f e r r e d minimum 

l a t e r a l extent of the s t r u c t u r e was t h e r e f o r e e q u i v a l e n t to the 

distance of separation of the two most d i s t a n t open cut mines -

approximately 7 kms. 
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(2) Large v e r t i c a l s c a l e : ranging from 23 m t o 48 m 

in thickness the crossbed set was by f a r the most imposing of 

a l l examples encountered. However, t h i s a t t r a c t i o n was o f f s e t 

by the added d i f f i c u l t y of access to the h i g h w a l l exposures 

n e c e s s i t a t i n g r e s o r t to extensive use o f rockclimbing equipment 

and ladders. 

(3) Q u a l i t y of the exposure: s p e c t a c u l a r h i g h w a l l 

exposure was a v a i l a b l e in a number of open c u t s , one a c t i v e l y 

worked (at Howick), the others abandoned (various cuts at Foy­

brook). The q u a l i t y of the exposure was g e n e r a l l y good but 

ranged from e x c e l l e n t in the o l d e r abandoned open cuts to 

moderately good in the a c t i v e l y worked cuts where the h i g h w a l l s 

are a f f e c t e d by b l a s t i n g and concealment under coatings of mine 

dust (Appendix 2, Table A2.1). 

(4) Need f o r urgency: the most impressive and useful 

exposures of the crossbed s t r u c t u r e at Foybrook occur in the 

highwalls of the abandoned open cuts and these cuts are p r e s e n t l y 

undergoing progressive f i l l as part of a mandatory land-

r e s t o r a t i o n programme under the current mining a c t . The imminent 

loss of these s p e c t a c u l a r and p o s s i b l y unique exposures t h e r e f o r e 

seems c e r t a i n unless seme can be preserved. S i m i l a r l y no record 

i s r o u t i n e l y kept of the highwall s t r u c t u r e s continuously 

being exposed in the a c t i v e open cut at Howick. Documentation 

and study of the crossbed s t r u c t u r e in t h i s area i s t h e r e f o r e 

t i me 1y. 

Methods used throughout t h i s study are t r e a t e d in Appendix 2, 

together w i t h relevant background concerning the present nature of the 
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open cut mines, and the types of graphic documentation represented i n 

the enclosures housed in the back pocket of t h i s r e p o r t . 



C H A P T E R 2 

LOCATION AND GEOLOGICAL SETTING 

OF THE STUDY AREA 
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The area of study i s s i t u a t e d approximately midway between 

Singleton and Muswellbrook in the Hunter V a l l e y ( F i g . 7) " an area 

which c u r r e n t l y supports the la r g e s t s c a l e open cut coal mining a c t i v i t y 

in N.S.W. 

The physiography of the area i s c h a r a c t e r i z e d t y p i c a l l y by 

open, gently undulating countryside of low to moderate r e l i e f w i t h g e n t l e 

slopes and rounded h i l l s . To the north the r e l i e f increases a b r u p t l y i n 

the v i c i n i t y of the northwest-southeast t r e n d i n g Hunter T h r u s t , whereas 

to the south the open undulating topography continues beyond the Hunter 

River t o the northern escarpment of the sandstone p l a t e a u country of the 

ce n t r a l Sydney B a s i n . 

2.1 STRATI GRAPHIC SETTING 

The s t r a t i g r a p h i c i n t e r v a l w i t h i n which t h i s study i s concen­

t r a t e d l i e s between the main L i d d e l l Coal Seam and the A r t i e s Coal Seam 

- an i n t e r v a l varying approximately between 23 - 48 m t h i c k . These coal 

seams occur w i t h i n the Vane Formation which c o n s t i t u t e s the lower part 

of the Sin g l e t o n Coal Measures ( F i g . 3 ) . The Vane Formation conformably 

o v e r l i e s the Saltwater Creek Formation which i s regarded by B r i t t e n (1972) 

as a t r a n s i t i o n a l u n i t between the underlying marine M a i t l a n d Group and 

the o v e r l y i n g coal measures. The top of the Sa l t w a t e r Creek Formation i s 

defined by the bottom of the B a r r e t t Seam (Gray, 197^; Robinson j_n_ 

Packham 1963, p. 351), although B r i t t e n (1972) d e f i nes the same boundary 

as being at the base of the Hebden Seam. Conformably o v e r l y i n g the Vane 

Formation (approximately equivalent to the Foybrook Formation o f B r i t t e n , 

1372) i s the Goorangoola Formation (approximately e q u i v a l e n t to the Bulga 

Formation of B r i t t e n , 1972), the boundary of t h i s unit i s placed at the 

top of the Bayswater Seam (Gray, 1974; Robinson jn_ Packham, 1969, p. 353). 
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FIGURE 3: S t r a t i g r a p h i c column of Permian coal measure rocks in 

the Ravensworth-Liddel1 area (from Gray, 1974 f i g . 2 ) . 
S t r a t i g r a p h i c nomenclature i s that of Robinson ( i n 

Packham 1369, pp. 350-35^)-
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B r i t t e n i n t e r p r e t s the Foybrook Formation as a t e r r e s t r i a l sequence 

with numerous coal seams and t e n t a t i v e l y suggests that the Bulga 

Formation i s a deposit of shallow marine or i n t e r t i d a l a f f i n i t i e s . As 

mapped by Gray 097*0 the palaeocurrent trends w i t h i n the Vane Formation 

suggest a g e n e r a l l y westerly flow d i r e c t i o n but w i t h divergent n o r t h e r l y 

and s o u t h e r l y flow patterns in the v i c i n i t y of L i d d e l l ( F i g . h). Gray 

(197^1 P- 25) suggests that t h i s divergence p o s s i b l y i n d i c a t e s the 

presence of a l o c a l palaeo-high. 

The coal s t r a t i g r a p h y in the Foybrook-Liddel1-Howick region i s 

not as simple as depicted in the s t r a t i g r a p h i c column of the Ravensworth 

- L i d d e l l are; ( F i g . 3). Coal seam s p l i t s are numerous and render s t r a t i -

graphic c o r r e l a t i o n over any great distance d i f f i c u l t . An example of 

such a c r o s s - s e c t i o n a l c o r r e l a t i o n i s shown in Figure 5- Terminology 

presently used in the area of the d i f f e r e n t coal seams based on d e t a i l e d 

c o r r e l a t i o n studies of the various seams and seam s p l i t s i s i n d i c a t e d in 

Figure 6. 

For the purpose of t h i s r e p o r t , whenever there i s a reference 

to the L i d d e l l Coal Seam i t w i l l be p r e f i x e d by the word "main" to 

in d i c a t e l o c a l convergence i n t o a s i n g l e major coal seam of two or more 

of the major component p l i e s or bundles of p l i e s (see F i g s . 5 and 6 f o r 

ad d i t i o n a l e x p l a n a t i o n ) . The main L i d d e l l Coal Seam i s the major seam 

mined by open cut operations and in the underground in the Foybrook-

Liddel1-Howick area. The A r t i e s Seam a l s o s p l i t s ( F i g . 5) and the two 

known component segms ,-re the Upper and Lower A r t i e s . For the purpose 

of t h i s r e p o r t , wherever the two s u b s i d i a r y seams coalesce to form one 

seam, that composite seam i s termed the A r t i e s Coal Seam. 

Some f u r t h e r comments about the regional coal s t r a t i g r a p h y are 

given in Chapter h. 





FIGURE 5- Geological c r o s s - s e c t i o n s of the Howick Area showing the complex nature of s t r a t i g r a p h i c c o r r e l a t i o n 

due to m u l t i p l e p r o g r e s s i v e s p l i t t i n g of the L i d d e l l and A r t i e s Coal Seams. In the terminology 

employed i n t h i s report (see comments in te x t together w i t h F i g . 6) the main L i d d e l l Coal Seam in the 

Howick Area r e f e r s to the e s s e n t i a l l y u n s p l i t or s l i g h t l y s p l i t coal seam designated as "Upper L i d d e l l " 

in the above diagram. 
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FIGURE 6: Generalised s t r a t i g r a p h i c column f o r the L i d d e l l -
Foybrook area showing terminology of both the major 
and minor coal seams (from personal communication 
with D. Marchoni, U n i v e r s i t y of Newcastle, 1976). 
The term "main L i d d e l l Coal Seam" r e f e r s t o the 
t h i c k e s t coal seam developed in the s t r a t i g r a p h i c 
i n t e r v a l between the B a r r e t t Coal Seam and the 
A r t i e s Coal Seam (see F i g . 3) as a r e s u l t of con­
vergence of two or more p l i e s . For example, i n 
the Foybrook area the main L i d d e l l Seam r e s u l t s 
from convergence of a l l of the ply-seams designated 
L i d d e l l in the above diagram and l o c a l l y i n c o r p o r a t e s 
through seam convergence the Lower A r t i e s Seam as 
w e l l (see F i g . 8) . In the Howick area to the south 
(see F i g . 5) the main L i d d e l l Seam in c l u d e s fewer 
of these p i i e s . 
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2.2 STRUCTURAL SETTING 

The area l i e s w i t h i n the "Dome B e l t " o f Vo i s e y (in Packham 

1969, p. 308), adjacent t o the s t r u c t u r a l northern margin of the Sydney 

Basin - the Hunter Thrust. A s u b s i d i a r y f a u l t o f the main Hunter T h r u s t , 

the Hebden T h r u s t , i n t e r s e c t s the Sydney Basin s u c c e s s i o n j u s t t o the 

north o f the study area and l i k e the parent f a u l t , l o c a l l y trends 

approximately northwest-southeast (see F i g . 7) • The "Dome B e l t " of 

Permian rocks extends southwards f o r a width o f approximately 2.k kms 

normal to the Hunter Thrust before being obscured by the o v e r l y i n g 

T r i a s s i c rocks o f the Narrabeen Group. 

The s t r u c t u r e of the study area i s dominated by a s e r i e s o f 

open f o l d s "... which are e s s e n t i a l l y minor warps on the eastern f l a n k 

of the Muswellbrook A n t i c l i n e " (Gray 1975, p. 16). The f o l d s t h a t i n t e r ­

sect the area o f present concern are the Camberwell A n t i c l i n e and the 

Bayswater S y n c l i n e ( F i g . 7) . These f o l d s t r e n d in a north-south 

d i r e c t i o n and are therefore discordant to the trend o f the t h r u s t f a u l t s 

to the n o r t h . The angle of dip of the limbs o f these open f o l d s v a r i e s , 

w i t h i n the study area, between 5 ° and 2 0 ° (Gray 1972, map 2 ) . The age 

of the north-south f o l d s i s i n f e r r e d t o be E a r l y Permian, whereas the 

development of the Hunter and a s s o c i a t e d Hebden Thrusts i s a s c r i b e d t o 

the Late Permian (Gray, 1975). I f t h i s i s s o , the sedimentary accumu­

l a t i o n o f the Vane Formation took place during the a c t i v e growth of the 

major t h r u s t f a u l t s to the north and n o r t h e a s t . Gray (1971, p. 75) 

remarks that "The Singleton Coal Measures represent a c l a s t i c wedge 

a s s o c i a t i o n r e l a t e d to the r i s i n g New England Geosyncline and separated 

from i t by the Hunter and Peel T h r u s t s . W i t h i n t h i s a s s o c i a t i o n , Vane 

Formation sediments - g e n e r a l l y mudstones, s h a l e s , sandstone, minor con­

glomerate and coal seams v/ere deposited ... c l o s e to the b a s i n margin." 
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3.1 GENERATIVE MODELS 

The geology of t h i s area has been s t u d i e d by numerous authors: 

Raggatt (1930), Booker and Adamson (1951)> Booker and others (1953), 

Booker and McKenzie (1956), Tompkins (l961) , Duff (1967), Bunny (1967), 

Robinson (jn_ Packham 1969, pp. 350-35*0, Gray (1971, 197^, 1975), B r i t t e n 

(1972), B r i t t e n and Smyth (1973) and B r i t t e n and others (1975) who have 

commented on the presence of the large s c a l e i n c l i n e d bedding s t r u c t u r e s 

and, more p a r t i c u l a r l y in most cases, on the s p e c t a c u l a r coal s e a m - s p l i t 

that occurs i n the large Foybrook-Hain (North) Open Cut (Appendix 2, 

Table A2.1) formed by a 3 m - t h i c k p l y of the main L i d d e l l Coal Seam 

which r i d e s up and conformably o v e r l i e s the master crossbeds (see F i g . 8 ) . 

B r i t t e n (1972; j_n_ Traves and King ( e d s . ) , 1975; and B r i t t e n w i t h others 

1975) in p a r t i c u l a r , has published accounts of the s t r a t i g r a p h y o f the 

Foybrook area and has remarked e s p e c i a l l y about the presence of the coal 

seam-split at Foybrook w i t h i n the s t r a t i g r a p h i c i n t e r v a l s t u d i e d in t h i s 

r e p o r t . Indeed B r i t t e n ' s work has been so wholly focussed on the seam-

s p l i t at Foybrook as to have ignored the contiguous and l a t e r a l l y e x t e n s i v e 

development of g e o m e t r i c a l l y s i m i l a r s t r u c t u r e s a s s o c i a t e d v;i th i t through­

out the 2 km - long highwall of the Foybrook-Main Open Cut and exposed 

w i t h i n the same s t r a t i g r a p h i c i n t e r v a l in other mines nearby (see F i g s . 

9, 10, 11, 12 and 13). Considering the widespread development of the 

crossbed set w i t h i n the s t r a t i g r a p h i c i n t e r v a l between the main L i d d e l l 

and A r t i e s Coal Seams, the seam-split at Foybrook-Main (North) Open Cut 

becomes a secondary, almost i n c i d e n t a l , feature and g e o m e t r i c a l l y can be 

considered simply as one of the many i n c l i n e d beds that make up the c r o s s -

bed set (see F i g . 3 ) . B r i t t e n has presented a model which i s focussed 

s o l e l y on e x p l a i n i n g the development of the seam-splits as secondary 



FIGURE 8: 

The s p e c t a c u l a r coal seam-split in the eastern h i g h w a l l of 
the Foybrook-Main (North) Open Cut. The lower h o r i z o n t a l 
seam i s the main L i d d e l l Coal Seam and the s t e e p l y i n c l i n e d 
(up to 30°) p l y i s the Lower A r t i e s Seam which f u r t h e r to 
the south coalesces w i t h the Upper A r t i e s Seam to form the 
A r t i e s Seam (see F i g . 9 ) . Note that the band of coal enclosed 
by the two d i r t bands, arrowed, lenses out towards the s p l i t 
zone; t h i s gives the coal band a geometric c o n f i g u r a t i o n ( i n 
di p - s e c t i o n ) in no way d i s s i m i l a r to the geometric c o n f i g u r a ­
t i o n of the large s c a l e crossbeds discussed in t h i s r e p o r t . 
The photograph was taken several years ago p r i o r to abandon­
ment of the open c u t . P r e s e n t l y t h i s p a r t i c u l a r s e c t i o n of 
the highwall i s p a r t l y mantled by rock s p o i l dumped during 
subsequent mining operations above the highwall (photograph 
s u p p l i e d by C. Herbert, Geological Survey of N.S.W.). For 
l o c a t i o n of t h i s seam s p l i t see Panorama P I . 



FlGURE 9• Oblique view ( l o o k i n g south-southeast) of the 

highwall exposures in the Foybrook-Main Open Cut. 
The main L i d d e l l Coal Seam i s v i s i b l e above the 
water l e v e l in the f a r end of the mine and at 
the base of the curved s e c t i o n of the highwall in 
the middle distance (arrows). Large s c a l e i n c l i n e d 
beds are conspicuous in the highwall above the 
L i d d e l l Coal Seam and dip n o r t h e r l y towards the 
camera. The A r t i e s Coal Seam is v i s i b l e at the top 
of the highwall behind the road i n the foreground 
(A.S.) Earth bridge d i v i d e s the open cut i n t o two 
sec t i o n s designated North and South h e r e i n . Highwall 
averages 46 m above water l e v e l . 



FIGURE 10: Highwall exposure of the large s c a l e crossbeds at 
Foybrook-S.E. Open Cut, east w a l l (see a l s o Panorama 
P3). Main L i d d e l l Coal Seam at bottom. The crossbed 
set extends high up the slope in the top r i g h t hand 
corner. In the middle and r i g h t o f the photograph 
the i n c l i n e d s t r a t a are exposed in d i p - s e c t i o n , 
i n c l i n e d approximately n o r t h , but due to an almost 
90° change in o r i e n t a t i o n of the high w a l l the i n c l i n e d 
s t r a t a in the distance are seen in s t r i k e - s e c t i o n . 
Scale d i v i s i o n on draped banners i s 1 m. Note p r o ­
g r e s s i v e change in l i t h o l o g y from south to north i n 
lower part of the h i g h w a l l . 



FIGURE 11: View (looking west-southwest) of the la r g e s c a l e 
i n c l i n e d s t r a t a exposed i n the south w a l l of the 
Foybrook-S.E. Open Cut (see a l s o Panorama P3a) . 
L i d d e l l Coal Seam appears at base of h i g h w a l l . 
R e l a t i v e to the a t t i t u d e of the i n c l i n e d beds, 
highwall s e c t i o n i s s t r i k e - p a r a l l e l at the l e f t 
end of the p i t but changes p r o g r e s s i v e l y to an 
oblique s e c t i o n towards the f a r end. Note p r o ­
g r e s s i v e change in l i t h o l o g y from near to f a r ends 
of the open cut. Banner s c a l e d i v i s i o n s are 1 m. 



FIGURE 12: Highwall exposure at the Foybrook-S.W. Open Cut 
(west w a l l ; see Panorama Pk). I n c l i n e d s t r a t a 
o v e r l i e the main L i d d e l l Coal Seam (covered by 
water in foreground) and dip towards the southwest. 
Banner sc a l e d i v i s i o n s are 1 m. 



FIGURE 13: View towards the northeast of the a c t i v e l y worked 

Howick Open Cut. The f l o o r of the p i t (where t r u c k s 
are parked) forms the base of the main L i d d e l l Coal 
Seam. Highwall s e c t i o n exposes the major part of 
i n c l i n e d crossbed set but the topmost 2 - 5 m of the 
set has oeen removed by d r a g l i n e operations in 
c r e a t i n g the working bench above and behind. The 
i n c l i n e d s t r a t a dip from l e f t to r i g h t In a d i r e c t i o n 
towards the south-southwest (see F i g . 30). Crossbed 
l i t h o l o g y i s dominated by sandstone. See a l s o 
Panorama P5-
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s t r u c t u r e s due to "mobile d i f f e r e n t i a l compaction" promoted by the 

l a t e r a l l y i r r e g u l a r loading of peat deposits by c l a s t i c sediments. The 

model assumes that the o r g a n i c m a t e r i a l s which generated the coal i n 

the seam-splits were o r i g i n a l l y h o r i z o n t a l l y d i s p o s e d . Thus B r i t t e n and 

others (1975, pp. 236-237) s t a t e : " ... because of the n e c e s s i t y to 

accept that each peat bed i s l a i d down h o r i z o n t a l l y i n a coal swamp an 

unusual sequence of events has to be invoked to e x p l a i n how the seams 

and s p l i t s have come to be so s t e e p l y i n c l i n e d to each o t h e r . " B r i t t e n 

(1972, in Traves and King ( e d s . ) , 1975) and B r i t t e n and others (1975) 

i n t e r p r e t the sedimentary rocks that form the i n c l i n e d bedding s t r u c t u r e s 

as of f l u v i a t i l e o r i g i n w i t h sediment accumulation t a k i n g p l a c e i n h o r i ­

zontal t o concave-up c l a s t i c wedges ( F i g s . 1*t and 15). Then through 

mobile d i f f e r e n t i a l compaction B r i t t e n suggests the once s u b - h o r i z o n t a l 

beds are subsequently bowed and rotated to form the i n c l i n e d s t r a t a . 

This i n t e r p r e t a t i o n would seem to be based l a r g e l y ( i f not s o l e l y ) on 

his enal vs is of the geometrical c o n f i g u r a t i o n o f the seam-split in the 

northern end of the Fcybrook-Ma in (North) Open Cut; c e r t a i n l y he f a i l s 

to document the i n c l i n e d beds in any of the other c u t s , except f o r 

Passing comment that the " ... mobile compaction s t r u c t u r e [between the 

A r t i e s and main L i d d e l l Coal Seams f i g u r e d in Figure ik\ i s developed 

through a v e r t i c a l i n t e r v a l of about 30 m and a l a t e r a l i n t e r v a l between 

0.1 and 10 km" ( B r i t t e n and others 1975, p. 237). 

This idea most l i k e l y stems from a s i m i l a r e x p l a n a t i o n proposed 

f o r B r i t i s h coal seam-splits by R a i s t r i c k and Marshall (1339; see F i g s . 

H and 16 h e r e i n ) . B r i t t e n ' s model is c l e a r l y very e l a b o r a t e but h i g h l y 

s p e c u l a t i v e and h i s diagrams ( F i g s , ih and 15) bear l i t t l e resemblance 

to the s t r u c t u r e s observed in the f i e l d ( F i g . 9 ) . N e v e r t h e l e s s , h i s 

suggestions that the coal seam-split and a s s o c i a t e d conformably i n c l i n e d 



DIAGRAMS 1-3 shows encroachment by 
sediment (assumed to be derived from 
N.E. source) of Liddell Seam peat which 
compacts progressively. 

DIAGRAM 4 shows development of 
Lower Arties Peat 

DIAGRAMS 5& 6 shows encroachment by scc.ment (assumed to be o:rlved from 
N.E. source) of Lower Arties Seam peat. The underlying Liddell & Arties Seam 
peat compocts progressively in response to loading inter split sediment above 
Liddell peat is bent by loading as per diagram 6. 
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FIGURE 1h: I n t e r p r e t a t i o n of the o r i g i n o f coal s e a m - s p l i t s 

w i t h i n the Sin g l e t o n Coal Measures (from B r i t t e n 

1972, f i g u r e k). 
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FIGURE 15: Inferred h i s t o r y of emplacement and subsequent d i s t o r t i o n 

o f sedimentary rocks during the development of mobile 

d i f f e r e n t i a l compaction s t r u c t u r e s (from B r i t t e n and 

others 1975, f i g . 18.5, p. 239). 



fIGURE 16: A conceptualized model f o r the o r i g i n o f co a l seam-

s p l i t s as suggested by R a i s t r i c k and M a r s h a l l (from 

R a l s t r i c k and Marshall 1939, f i g . 6 , p. 75) . 
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s t r a t a are of secondary o r i g i n and caused by processes of "mobile 

d i f f e r e n t i a l compaction" is the c u r r e n t l y accepted view wit h many 

A u s t r a l i a n coal g e o l o g i s t s , judging by the support f o r the idea in the 

l i t e r a t u r e (e.g., W i l l i a m s , 1976, p. 7; and personal communications 

(1976) w i t h C.F. D i e s s e l , C. Herbert, D. Marchoni and C. Ward) and i t s 

a p p l i c a t i o n to other examples in coal f i e l d s o u t s i d e N.S.W. (e. g . , 

B u r g i s , 1975). 

I propose that the large s c a l e crossbed s t r u c t u r e s are not of 

secondary o r i g i n and formed by "mobile d i f f e r e n t i a l compaction", but 

instead are primary and formed by normal d e p o s i t i o n a l p r o c e s s e s . This 

idea has already been mooted by Tompkins (1961) when he s t a t e s : 

"Sedimentation ... does however suggest periods of great i n s t a b i l i t y , 

with r a p i d d e p o s i t i o n of c l a s t i c sediments showing i n c l i n e d o r f o r e s e t 

bedding, and periods of r e l a t i v e quiescence during the formation of coal 

seams. These sedimentary s t r u c t u r e s are c l e a r l y evident i n the L i d d e l l 

Sandstone, above the L i d d e l l Seam, in open cut areas." A primary depo­

s i t i o n a l o r i g i n f o r crossbeds was a l s o suggested by Bunny (1967) in 

reference to the large s c a l e crossbed s t r u c t u r e s of sandstone, s i l t s t o n e 

and shale at Foybrook: "This body of water received no sediment u n t i l 

the sudden i n f l u x of sand which forms the f o r e s e t s . " Booker and others 

(1353) describe the crossbed s t r u c t u r e s as " ... a s e r i e s of i n t e r l o c k i n g 

lenses, of which the h o r i z o n t a l axes are not always p a r a l l e l to t r u e 

bedding, and there i s f r e q u e n t l y an angular d i f f e r e n c e of as much as 30 

degrees between true bedding as represented by a shale bed o r a coal 

seam and that of the greywacke lenses." In other p a r t s of the same 

r e
P o r t (Booker and others 1953) and again in Booker and McKenzie (1356, 

P- 14) there are c l e a r inferences that the s t r u c t u r e s are primary. 
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Further inferences as to the primary nature o f the large 

s c a l e i n c l i n e d s t r a t a in the Hunter V a l l e y Coal Measures are made by 

Rattigan and McKenzie (_in_ Packham 1969, p. *»3*0 when they s t a t e : "The 

commencement of t h i s period ["Tomago-Newcastle"/"Singleton" Time] saw 

a gradual t r a n s i t i o n from ob v i o u s l y marine sedimentation to c o a l -

forming c o n d i t i o n s , and t h i c k accumulations took place in troughs sub­

s i d i n g east and west of the Lochinvar A n t i c l i n e . The r e l a t i v e s t a b i l i t y 

of coal-forming conditions in Tomago time was in marked c o n t r a s t t o 

those in Newcastle time whereby a r e n i t e s , w i t h t o r r e n t i a l c r o s s -

lamination developed on a grand s c a l e , were deposited above and sometimes 

immediately on top of coal seams." S i m i l a r statements about the primary 

d e p o s i t i o n a l o r i g i n of these same crossbeds were e a r l i e r made by David 

(1907) in reference to the examples exposed i n c o a s t a l escarpments 

south of Newcastle. 

To the extent that these l a r g e s c a l e crossbed s t r u c t u r e s are 

unusual and, as y e t , unknown in the more general g e o l o g i c a l l i t e r a t u r e , 

t h e i r presence in the coal measure sedimentary t e r r a i n s of e a s t e r n 

A u s t r a l i a would seem to have been viewed by many l o c a l g e o l o g i s t s as 

anomalous and enigmatic i f only because of t h e i r imposing s c a l e . How­

ever, notwithstanding the reference to and o c c a s i o n a l i l l u s t r a t i o n o f 

the actual coal seam-split at Foybrook by e a r l i e r w o r k e r s , i t i s not 

untrue to say that the seam-split and a s s o c i a t e d l a r g e s c a l e crossbeds 

° f t h i s area have not been i n v e s t i g a t e d or documented as yet in any 

d e t a i l . Hence, n e i t h e r of the models o u t l i n e d above t o account f o r the 

0 r
i g i n ov the l.-rne s c a ^ i n c l i n e d bedding s t r u c t u r e s have been t e s t e d 

or
> the b a s i s of d e t a i l e d F i e l d s t u d i e s in t h i s a r e a . The aim of the 

Present p r o j e c t i s t h e r e f o r e to f u l f i l l t h i s need. 
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3.2 EXPECTATIONS OF THE TWO MODELS 

Both primary and secondary o r i g i n s have been suggested t o 

account f o r the large s c a l e i n c l i n e d bedding s t r u c t u r e s . Hence one 

might expect inherently d i f f e r e n t p r e d i c t i o n s to f o l l o w from each of 

these t h e o r e t i c a l models. Several consequences might be expected i f 

the large s c a l e i n c l i n e d beds formed as secondary s t r u c t u r e s due to 

mobile d i f f e r e n t i a l compaction: 

(1) One would expect to f i n d abundant evidence o f s o f t 

sediment d i s r u p t i o n or deformation w i t h i n those parts o f the 

crossbeds that experienced v/holesale r o t a t i o n o r c o l l a p s e 

( F i g . ]h, stages 5 and 6 ) : e.g., f o l d s of v a r y i n g s c a l e and 

geometrical s t y l e ; f a u l t s (perhaps mainly a n t i t h e t i c f a u l t s ) ; 

snd c l a a t i c i n j e c t i o n s t r u c t u r e s of va r i o u s k i n d s . 

(?.) Cr.e might a l s o expect to f i n d a c o a r s e - t o - f i n e / 

p r o x i m a l - t o - d i s t a l l a t e r a l f a c i e s change inherent i n the 

generation of the c l a s t i c wedges in the B r i t t e n model. 

(3) B r i t t e n (1975, p. 237), in reference to a f i g u r e 

reproduced as Figure 16 h e r e i n , c l a i m s : " ... i t can be seen 

prom the f i g u r e ] that the cross s e c t i o n o f beds tends to be 

t h i c k e r at t h e i r centre." 

(';) Furthermore, another e x p e c t a t i o n a r i s e s from B r i t t e n ' s 

model when one speculates about the p r e d i c t e d f i n a l geometry 

of the contact between the und e r l y i n g coal seam and the over­

l y i n g i n c l i n e d bedding s t r u c t u r e s ( F i g . 14). Thus, one might 

expect t o sea evidence f o r a concave up contact between the 
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coal seam and the o v e r l y i n g c l a s t i c m a t e r i a l due to the 

simultaneous v e r t i c a l a c c r e t i o n of peat and c l a s t i c sediment 

s i d e - b y - s i d e , ongoing w i t h p r o g r e s s i v e but p a r t i a l mobile 

compaction in response t o the l a t e r a l l y expanding f l u v i a l 

system (see F i g . 14, stages 2, 3, ^ and 5). I f , a l t e r n a t i v e l y , 

(as B r i t t e n and o t h e r s , 1975; B r i t t e n , 1972, s u g g e s t ) , t h i s 

concave-up contact i s f i n a l l y bowed up and f l a t t e n e d by l a t e r 

mobile d i f f e r e n t i a l compaction (again i n f e r r e d from F i g . 14, 

stages 5, 6 and 7) then one would expect t o see conspicuous 

evidence of large s c a l e d i s r u p t i o n and deformation in response 

t o t h i s la'.er compaction in at l e a s t the top seve r a l metres 

of the underlying coal seam. 

One would expect to f i n d f i e l d evidence f o r some o r a l l o f 

the above p r e d i c t i o n s i f the crossbed s t r u c t u r e s are a c t u a l l y of secondary 

o r i g i n . 

A l t e r n a t i v e l y , i f the crossbeds are primary s t r u c t u r e s , one 

might expect t o f i n d : 

(1) A systematic and perhaps constant r e l a t i v e geometric 

r e l a t i o n s h i p between current-produced s t r u c t u r e s w i t h i n the 

master crossbeds and the master crossbeds themselves. 

(2) P o s s i b l y a d i f f e r e n c e in coal types between that 

found in the seam-splits and that found i n the main seams, 

should tno organic m a t e r i a l s that accumulated on the l o c a l l y 

i n c l i n e d surface have d i f f e r e d m a t e r i a l l y from that which 

accumulated on e s s e n t i a l l y h o r i z o n t a l s u r f a c e s to generate 

the main r e g i o n a l l y - e x t e n s i v e seams. 
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(3) Geopetal evidence that bedding i s primary; f o r 

example: 

(a) in s i t u t r e e stumps w i t h i n the i n c l i n e d 

bedding s t r u c t u r e s t h a t r e t a i n a r i g h t angle 

r e l a t i o n s h i p to the lower bounding surface o f 

che crossbed s e t ; 

(b) a systematic r e l a t i o n s h i p between component 

mean g r a i n s i z e of the c l a s t i c sediment and angle 

of divergence of the crossbeds from the u n d e r l y i n g 

coal seam. 
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4.1 REGIONAL CONSIDERATIONS 

As p r e v i o u s l y mentioned, the l a r g e s c a l e i n c l i n e d bedding 

s t r u c t u r e s s t u d i e d in t h i s report occupy the s t r a t i g r a p h i c i n t e r v a l 

between the main L i d d e l l and A r t i e s Coal Seams in the lowest part of 

the Vane Formation (the basal formation i n the S i n g l e t o n Coal Measures). 

Like other formations in the S i n g l e t o n Coal Measures and s u c c e s s i o n , 

the Vane Formation has been mapped in outcrop over a r e g i o n a l l y 

extensive t r a c t along the northern s t r u c t u r a l margin o f the Sydney 

Basin in the area west of the Lochinvar Dome and has been f o l l o w e d i n t o 

the subsurface in many areas by coal e x p l o r a t i o n d r i l l i n g . The outcrop 

zone forms a V - l i k e pattern around the southwestern and southeastern 

limbs of the Muswel Ibrook A n t i c l i n e on the west but in approaching the 

Hunter T h r u s t , the north swings s o u t h e a s t e r l y along the c r e s t l i n e o f 

the Camberwel1 A n t i c l i n e ( F i g . 17). The g e n t l e e a s t e r l y and s o u t h ­

e a s t e r l y s t r u c t u r a l dip along the eastern f l a n k o f the Muswellb rook 

A n t i c l i n e has led to a concentration of coal e x p l o r a t i o n and mining 

a c t i v i t i e s i n t h i s area and hence the most d e t a i l e d s t r a t i g r a p h i c i n f o r ­

mation a l s o comes from here, p a r t i c u l a r l y so f o r the area immediately 

about L i d d e l l . In his review of the S i n g l e t o n Coal Measures, Robinson 

(in_ Packham, 1969, P- 351) remarks t h a t : "The most r e l i a b l e horizons in 

the measures are without doubt coal seams and because of the extreme 

1 e n t i c u I a r i t y of the associated beds, ... the naming and c o r r e l a t i o n of 

members other than coal seams are most hazardous ..." D r i l l i n g programs, 

together w i t h surface outcrop mapping, has permitted both l o c a l .~nd semi-

regional s t r a t i g r a p h i c c o r r e l a t i o n of the lower p a r t of the coal measures 

around the 1 imbr. of the Muswel Ibrook A n t i c l i n e and i n d i c a t e s continuous 

area! development of a l l the major coal seams throughout the r e g i o n , but 



01 U A T E R N A R V 

I -~ -—-1 Alluvium 

T E R T 11 A R Y 

'] Intrusives-basalt dolerite.etc 

T R I A S S I C 

1' ' . ' . 1 NARRABEEN GROUP 

P E R M I A N 

SINGLETON COAL MEASURES 

Goorcncoola Formation 

Vane Formation 

Sa'.lwater Creek Formation 

L E G E N D 

MAITLANO GROUP 

Mulbring Siltstone 

Branxton Formation 

Y///\ GRETA COAL MEASURES 

DALWOOO GROUP 

C A R B O N I F E R O U S 

] Undifferentiated 

Geological boundary 
(Established) 

•—?—'—*- Geological boundary 
(Interred) 

U 

0 
U^ 

11111 r Fault, normal 

i—*— * • Fault, revers e or over thrust 

— |— Ar.ticVm* 

—• Syncline 

t> Plunge of told axis 

Note: Within the Singleton Coal Measures, Fjrthcr mopping is required 
to delineate formations in those creus left hicnk on mop. 

fjjIJRE 17; Geological map of the area northwest of S i n g l e t o n . 

Note the V-shaped su r f a c e outcrop p a t t e r n of the 
Vane Formation about the southern nose o f the 
Muswellbrook A n t i c l i n e . To the northeast of the 
Muswellbrook A n t i c l i n e the Vane Formation swings 
around t o the southeast and south f o l l o w i n g the 
trace of the Camberwell A n t i c l i n e (from Packham, 
1969, p. 35*0. 



- 36 -

accompanied nevertheless by numerous sea m - s p l i t s (e.g. see reports by 

Veevers 1953, 1960; Bunny, 1967 and B r i t t e n j_n_ Traves and King ( e d s . ) , 

1975)- S i m i l a r l y , Marchoni (personal communication, 1976) has 

e s t a b l i s h e d good c o r r e l a t i o n s in the area to the east and northeast of 

L i d d e l l and h i s work i n d i c a t e s extension o f the major coal seams 

throughout the area but accompanied again by s e a m - s p l i t s . In summary, 

then, the major coal seams in the succession ( i n c l u d i n g the L i d d e l l 

and A r t i e s seams of concern in t h i s report) are l a t e r a l l y p e r s i s t e n t 

and maintain an i d e n t i t y over a regional area ( i n the order of at l e a s t 

100 s q . km) desp i t e complication of s t r a t i g r a p h i c c o r r e l a t i o n caused by 

s e a m - s p l i t s . C l a s t i c i n t e r v a l s between the coal seams e v i d e n t l y show 

much g r e a t e r l a t e r a l v a r i a t i o n in l i t h o l o g i c a l composition and th i c k n e s s 

over much of the area. For example, the interseam i n t e r v a l s between the 

Ba r r e t t and Lower L i d d e l l Coal Seams and the Upper L i d d e l l and the Lower 

A r t i e s Coal Seam have been termed the B a r r e t t Sandstone Member and the 

L i d d e l l Sandstone Member r e s p e c t i v e l y (Veevers, I960; Tompkins, 1961) 

in the areas studied by these two workers. 

In the area around the southern nose of the MuswelIbrook A n t i ­

c l i n e ( F i g . 17) Veevers (1953, 1960) showed, from borehole d a t a , t h a t the 

various s p l i t components of the L i d d e l l Seam ( i . e . , the Upper L i d d e l l , 

the Middle L i d d e l l and the Lower L i d d e l l o v e r l i e the B a r r e t t Sandstone 

Member (approximately '\k m above the B a r r e t t Coal Seam) and the A r t i e s 

Coal Seam o v e r l i e s the L i d d e l l Sandstone Member. In the area s t u d i e d by 

Veevers the main L i d d e l l Coal Seam has a th i c k n e s s o f 5-3 m and the 

A r t i e s Coal Seam has a mean gross seam thickness of 5 m, though the l a t t e r 

seam has a very v a r i a b l e t h i c k n e s s , ranging between 1.8 m and 8.7 m. 

In the study area of t h i s r e p o r t , northeast o f the area s t u d i e d 

by Veevers, the main L i d d e l l Coal Seam a t t a i n s an average thickness of 
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7 m at Howick but where the Lower A r t i e s Seam has converged w i t h the 

L i d d e l l Seam i t a t t a i n s a maximum thi c k n e s s of 14 m ( B r i t t e n , in Traves 

and King ( e d s . ) , 1975). The Upper A r t i e s Coal Seam has a t h i c k n e s s of 

about 2.8 m. To the north-northeast the s u r f a c e outcrop traces o f the 

L i d d e l l and A r t i e s Coal Seams abut the Hebden Thrust (Gray, 1971; Fig-7) 

These two seams do not outcrop again in the east but subsurface data 

i n d i c a t e that they occur in the area to the east and northeast o f L i d d e l l 

No published information as yet i s known o f the p o s s i b l e c o n t i n u a t i o n 

of the main L i d d e l l and A r t i e s Coal Seam to the south and southeast of 

the Li ddel 1 Area. 

There i s no p a l a e o n t o l o g i c a l evidence t o suggest anything other 

than non-marine environmental c o n d i t i o n s throughout that part o f the 

coal measures considered in t h i s r e p o r t . 

h.7 LOCAL ASPECTS 

Compared t o the known areal extent of the s t r a t i g r a p h i c u n i t s 

of i n t e r e s t in t h i s report ( i . e . , main L i d d e l l Coal Seam, A r t i e s Coal 

Seam, and the int e r v e n i n g c l a s t i c u n i t between these two seams - the 

" L i d d e l l Sandstone Member" of Tompkins, 1961), the study area covered 

by f i e l d examination of t h i s i n t e r v a l in the open cut exposures i s not 

la r g e . The s t r a t i g r a p h i c i n t e r v a l i s exposed in the north in the various 

foybrook open c u t s , in the L i d d e l l area i n the L i d d e l 1 - P o r t a l and Durham 

Open Cuts, and in the south in the Howick Open Cut (Table A2.1, Map 1) 

and i s almost f l a t - l y i n g throughout. Using the logged s e c t i o n s i n these 

open cuts and d r i l l hole data from the i n t e r v e n i n g areas a c r o s s - s e c t i o n 

of t h i s i n t e r v a l was constructed ( F i g . 18). Between the southern area 

(Howick) and the northern area (Foybrook) d r i l l hole data are s p a r s e , but 



FIGURE 18: 

Cross s e c t i o n A - B of the interseam sedimentary 
uni t between the top of the Upper L i d d e l l (termed 
the main L i d d e l l Coal Seam in t h i s report) and the 
base of the Upper A r t i e s Coal Seam ( r e f e r r e d t o as 
the A r t i e s Coal Seam in the r e p o r t ) . The l o c a l i t y 
of part of the s e c t i o n (A - A^) i s shown on Map 2; 
the r e s t of the s e c t i o n (A- - B: e q u i v a l e n t t o 
DDHII - DD'rlS) i s located in l o c a l i t y diagram of 
Figure 5- In the c o n s t r u c t i o n of the c r o s s - s e c t i o n , 
the Upper A r t i e s Coal Seam has been r e s t o r e d t o 
h o r i z o n t a l i t y ; from the f i g u r e one can see c l e a r l y 
that the interseam thickness g r a d u a l l y t h i n s to the 
south-southwest, i n d i c a t i n g a semi-wedge regional 
geomet ry. 
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assuming t h a t there are no l a t e r a l i n t e r r u p t i o n s i n the are a l develop­

ment of the s t r u c t u r e i t i s evident that the i n c l i n e d bedding s t r u c t u r e 

most l i k e l y has a l a t e r a l extent o f at l e a s t 7.0 km i n a north-northeast 

-south-southwest d i r e c t i o n . V/ithin t h i s d i s t a n c e the dip-azimuth o f 

the i n c l i n e d beds changes from being approximately n o r t h e r l y i n the 

north t o approximately s o u t h e r l y i n the south (Map 2 ) . A gross t h i n n i n g 

of t h i s s t r a t i g r a p h i c i n t e r v a l occurs from north to south ( F i g . 18; 

Table 2) w i t h some l o c a l areas of t h i n n i n g and t h i c k e n i n g superimposed 

on t h i s o v e r a l l t r e n d . Thus the regional geometry (or e x t e r n a l form) 

of the set of i n c l i n e d beds i n t h i s area would appear to be g r o s s l y 

t a b u l a r or semi-wedge-1 ike w i t h p r o g r e s s i v e t h i n n i n g towards the so u t h . 

(a) S t r a t i g r a p h i c Units Immediately Below and Above 
the Set of I n c l i n e d Beds 

The general c h a r a c t e r i s t i c s of the s t r a t i g r a p h i c 

u n i t s which immediately u n d e r l i e and o v e r l i e the set of i n c l i n e d 

beds are tabul a t e d in Table 3 (see a l s o S e c t i o n s S2A and S2B). 

Although the i n c l i n e d beds are everywhere u n d e r l a i n by the 

L i d d e l l Coal Seam in the open cut mines and good exposures of 

the l a t t e r u n i t are consequently common, the u n i t s which 

immediately o v e r l i e the set of i n c l i n e d beds ( i . e . , the A r t i e s 

Coal Seam ard a superimposed pebbly sandstone u n i t : see F i g . 

20 and Sections S2A and S2B) are r a r e l y preserved in or adjacent 

to the open cuts because of open-cut mining or the A r t i e s 

Coal Seam i t s e l f and because working benches have been cut 

down below t h i s l e v e l i n some open cuts ( i . e . , Howick) to allow 

continued open cut mining of the und e r l y i n g L i d d e l l Seam (see 

F i g s . 9 and 13). Table 3 i n d i c a t e s v;here the outcrop o f the 



TABLE 2: 

Thickness gradient of large s c a l e crossbed-set w i t h the lower 
bounding s u r f a c e of the Upper A r t i e s Coal Seam r e s t o r e d to h o r i ­
zontal i t y . The v e r t i c a l t hickness of the interseam u n i t between 
the Upper L i d d e l l and the Upper A r t i e s (which coalesces w i t h the 
A r t i e s in some logs) was measured from the o r i g i n a l d r a f t o f 
Figure Si the h o r i z o n t a l d i s t a n c e between each of the d r i l l 
holes was a l s o measured. Using the simple t r i g o n o m e t r i c r e l a t i o n ­
ship 

(tane = -ff) 

a dip-angle between two consecutive d r i l l holes can be computed 
a f t e r r e s t o r i n g the Upper A r t i e s to h o r i z o n t a l i t y . T his d i p -
angle i n d i c a t e s the gradient of the lower bounding s u r f a c e of the 
crossbed-set, i . e . , the top of the Upper L i d d e l l Coal Seam. The 
tabled r e s u l t s i n d i c a t e a gross t h i c k e n i n g o f the crossbed-set 
towards the north in the Howick ar e a ; t h i s t r e n d continues f u r t h e r 
northeast to the Foybrook a r e a . 
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TABLE 3: 

GENERAL CHARACTERISTICS OF THE STRATI GWH t C UNITS WHICH STRATI GRAPH I C.'LLY UNDERLIE ANO OVERLIE INTERVAL 

OF LARGE SCALE INCLINED BEDDING IN THE FOYBROOK-LIDDELL-HOVM CK AREA 

Bracketing Locality of the Geometry Lithology Fossils Sedimentary Palaeo-
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A r t i e s Coal Seam and o v e r l y i n g pebbly sandstone are l o c a t e d . 

Because the character and i n t e r n a l s t r a t i g r a p h y o f the 

L i d d e l l Coal Seam i s r e l a t i v e l y uniform throughout the study 

area (Table 3) the f o l l o w i n g d i s c u s s i o n concentrates on the 

u n i t s which o v e r l i e the set of i n c l i n e d beds. 

(b) L i t h o l o g y and Sedimentary S t r u c t u r e s 

The l i t h o l o g y above the A r t i e s Coal Seam in both 

of the Sections (Sections S2A and S2B) i s q u i t e d i f f e r e n t 

f r o n that which comprises the large s c a l e i n c l i n e d beds 

themselves ( F i g . 19); i t i s the f i r s t occurrence of any very 

coarse to pebbly sandstone in tha t part of the s t r a t i g r a p h i c 

succession s t u d i e d i n t h i s r e p o r t . This very coarse to pebbly 

sandstone has a r e g i o n a l l y p l a n a r lower bounding s u r f a c e ( F i g . 

20) which i s sharply defined and l o c a l l y d i s c o r d a n t w i t h the 

underlying shale ( F i g . 19). The approximately 1 m - t h i c k 

shale u n i t has a t r a n s i t i o n a l boundary w i t h the u n d e r l y i n g 

A r t i e s Coal Seam. The coarse-pebbly sandstone f i n e s up i n t o 

a s i l t s t o n e over a v e r t i c a l d i s t a n c e o f about 3 m and t h i s , 

in t u r n , i s succeeded by another very coarse y e l l o w sandstone 

w i t h an e r o s i o n a l base. The c l a s t s w i t h i n the pebbly sandstone 

are w e l l rounded to subrounded, a t t a i n a maximum s i z e o f 5 cm 

and consist" of q u a r t z , vein quartz fragments and r e d , grey and 

green c h e r t - l i k e fragments. The coarse sandstones above the 

A r t i e s Coal Seam at the Foybrook-Main (South) and Howick Open 

Cuts are conspicuously cleaner and more q u a r t z - r i c h than any 

of the sandstones w i t h i n the large s c a l e i n c l i n e d bedding 

s t r u c t u r e . 



FIGURE 19: Very coarse decimetre-scale crossbedded sandstone 

o v e r l y i n g f i n e carbonaceous s i l t s t o n e immediately 

above the A r t i e s Coal Seam. The boundary between 

the sandstone and s i l t s t o n e i s r e g i o n a l l y p l a n a r 

but l o c a l l y q u i t e i r r e g u l a r (see F i g . 20 and S e c t i o n 

S2A). L o c a l i t y of photograph 3 m above A r t i e s 

Coal Seam, Section S2A; the f o s s i l f l a t - l y i n g log 

in middle r i g h t of photograph i s l£ times the 

length of g e o l o g i c a l hammer. The t r a v e l d i r e c t i o n 

i n d i c a t e d by the crossbedding i s towards the n o r t h . 
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The dominant sedimentary s t r u c t u r e s i n the pebbly 

sandstone u n i t above the A r t i e s Coal Seam are dec i m e t r e - s c a l e 

trough crossbeds ( F i g . 19). These are u s u a l l y found i n cosets 

reaching a thickness of 2.0 m, w i t h i n d i v i d u a l crossbed s e t s 

of up to 80 cm t h i c k . The crossbedding i s d e f i n e d by the 

presence of pebble l a y e r s or by more s u b t l e g r a i n s i z e changes 

in the very coarse sandstone ( F i g . 19). Although only l i m i t e d 

outcrop of the pebbly sandstone i s a v a i l a b l e f o r study the 

predominant d i r e c t i o n o f f o r e s e t i n c l i n a t i o n i n the decimetre-

s c a l e crossbeds i s n o r t h e r l y i n Foybrook-Main Open Cut. No 

palaeocurrent i n d i c a t o r s were found in the very coarse sandstone 

at Howick Open Cut. 

(c) Foss i I s 

Macerated pla n t fragments occur in the s i l t s t o n e 

u n i t s above the A r t i e s Coal Seams (Sections S2A and S2B) . They 

are obviously allochthonous and l i e along bedding p l a n e s ; 

they also define v/avy and p a r a l l e l l a minations which occur in 

the s i l t s t o n e u n i t s . F l a t - l y i n g f o s s i l logs are found 

s p o r a d i c a l l y in the s i l t s t o n e u n i t s ( F i g . 20) and there are 

rare examples of f o s s i l logs in the pebbly coarse-to-medium 

sandstone ot Foybreok-Main Open Cut (South) ( F i g . 19). No 

f o s s i l logs were found in these u n i t s above the A r t i e s Coal 

Seam at Howick Open Cut (Table 3) . 



FIGURE 20: Three s i l i c i f i e d f o s s i l logs (arrowed) l y i n g along a 

bedding plane in a carbonaceous s i l t s t o n e u n i t 8 m 
above the A r t i e s Coal Seam. The top o f the photograph 

shows the coarse sandstone w i t h a l o c a l l y e r o s i o n a l 

lower bounding s u r f a c e . L o c a l i t y : S e c t i o n S2B, 

Foybrook-Main Open Cut (South). 



C H A P T E R 5 

NATURE OF THE INCLINED BEDDING STRUCTURE 
IN THE STUDY AREA 
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5.1 EXTERNAL FORM 

The external form of the i n c l i n e d bedding s t r u c t u r e has 

already been discussed in the previous chapter. The set o f i n c l i n e d beds 

is seen to be at i t s t h i c k e s t in the north (at Foybrook-Ma in Open Cut) 

and then t h i n s very g r a d u a l l y towards the southwest towards the Howick 

Open Cut area ( F i g . 18). Measured over 10.0 km (the d i s t a n c e between 

the extreme ends of Foybrook-Main Open Cut t o the north and Howick Open 

Cut t o the southwest) there i s a very g e n t l e t h i n n i n g to the southwest 

with a gradient at the base of the crossbed s e t of approximately 0.1° 

(r e s t o r i n g the bottom of the A r t i e s (or Upper Coal Seam) t o h o r i z o n t a l i t y 

and using 48 m as the maximum i n t e r v a l t h i c k n e s s in the north and 18 m 

as the maximum in the south; F i g . 18). 

L a t e r a l changes i n bulk l i t h o l o g y occur w i t h i n the 

set of i n c l i n e d beds on a regional s c a l e and, i n order t o 

document these changes, sandstone and s i l t s t o n e percentages 

were c a l c u l a t e d from each of the s t r a t i g r a p h i c S e c t i o n s logged 

in the open c u t s . The cumulative t h i c k n e s s of the sandstone 

beds was computed and expressed as a percentage of the t o t a l 

t hickness of the crossbed-set; the same method produced the 

s i l t s t o n e percentages f o r each of the Sections (Table h) . A 

mean percentage of sandstone and s i l t s t o n e was a l s o computed 

f o r each cut by combining together the data from the d i f f e r e n t 

logs at that mine (Table h). 

5.2 LITHOLOGY 

(a) L a t e r a l V a r i a t i o n 



TABLE 4: 

Cumulative amounts of sandstone and s i l t s t o n e , expressed as a 
percentage, derived from the s t r a t i g r a p h i c logs made i n the open 
cuts (see Sections in back po c k e t ) . The f i g u r e s in parentheses 
represent the mean sandstone and s i l t s t o n e f o r the Foybrook-Main 
(North and South) Open Cut and the Foybrook-S.E. Open Cut ( i . e . , 
combined south and east-wall l o g s ) . 

Open-Cut Mines Sections % Sandstone % S i l t s t o n e Mean % Mean % 

Sand- S i l t ­
stone stone 

Foyb rook-Ma i n S1C 67 33 
(North) SID 92 8 

Foybrook-Main S2A 4o 60 
(South) S2B 37 63 

Foyb rook-S.E. S3A 4 96 
( e a s t - w a l l ) S3B 94 6 

Foybrook-S.E. S3aC 40 60 
(south-wal1) S3aD 24 76 

S3aE 24 76 

Foybrook-S.W. S4A 22 78 
S4B 31 69 
S4C 16 84 

How i ck S5A 92 8 

S5B 85 15 
S5C 72 28 

S5D 63 37 

Foybrook-Box None No q u a n t i t a t i v e da 
logged shows s i 1tstone/sh 

78 

38 

50 

29 

23 

78 

(58) 

(39) 

22 

62 

50 

71 

77 

22 

(42) 

(61) 

but f i e l d o b s e r v a t i o n 

: to be the predominant 

l i t h o l o g y . General l i t h o l o g i c a l aspect 

s i m i l a r to that at Foybrook-S.E. 
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In the northern a r e a , w i t h i n the Foybrook-Main 

Open Cut the l i t h o l o g y i s q u i t e heterogenous (Panoramas PI 

and P2; F i g . 21) and the mean percentage o f sandstone ranges 

from yj% to 32% in the four Sections logged t h e r e . Sandstone 

i s mainly concentrated in the lower and middle p a r t s of the 

i n c l i n e d bed-set whereas s i l t s t o n e i s concentrated i n the 

upper parts of the set ( F i g s . 2 1 , 22; Panoramas P I , P 2 ) . 

S i l t s t o n e i s the predominant l i t h o l o g y i n the 

Foybrook-S.W. Open Cut as i t i s a l s o throughout a l l but the 

southeast corner of the Foybrook-S.E. Open Cut ( F i g s . 10, 11, 

12; Table 4 ) . Though no log was made there the predominant 

l i t h o l o g y at the Foybrook-Box Cut i s a l s o s i l t s t o n e . 

Within Foybrook-S.E. Open Cut there i s a conspicuous 

pr o g r e s s i v e coarsening of bulk g r a i n s i z e and i n c r e a s e i n the 

percentage o f sandstone towards the southeast (Sections S3A, 

S3B, S3aC, S3aD, S3aE; F i g s . 10, 11', 25). In the e a s t e r n 

w a l l of t h i s mine sandstone beds dominate the s e c t i o n i n the 

southern end o f the cut ( F i g . 25) but towards the north the 

predominant l i t h o l o g y i s s i l t s t o n e (sandstone percentages are 

k% and 3k% in the north and south o f t h i s v/all r e s p e c t i v e l y 

at Sections S3A and S3B r e s p e c t i v e l y ) . The same c o a r s e - t o - f i n e 

r e l a t i o n s h i p and p r o g r e s s i v e l a t e r a l change in the percentage 

of sandstone occur in the southwall of t h i s same mine (Table 4; 

Panorama P3a, F i g . 11). Thus at the eastern end o f t h i s w a l l 

there are more sandstone beds which become l e s s dominant and 

t h i n n e r towards the v/est. 

At Howick Open Cut in the south of the study area 

the l i t h o l o g y i s more homogenous throughout than at the o t h e r 



FIGURE 21 : An oblique panorama view of the i n c l i n e d s t r a t a o v e r ­
l y i n g the main L i d d e l l Coal Seam in the eastern 
highwall of the Foybrook-Main Open Cut (South). The 
highwall s e c t i o n i s e s s e n t i a l l y d i p - p a r a l l e l w i t h 
respect to the a t t i t u d e of the i n c l i n e d beds, and the 
view looks towards the southeast. Sandstone ( l i g h t e r 
coloured) i s mainly concentrated in the lower and 
middle parts of the crossbed-set. S i l t s t o n e and shale 
(darker colours) predominate i n the upper p o r t i o n of 
the set though some s i l t s t o n e a l s o occurs in the lower 
and middle parts o f the s e t . Note th a t the gross 
shape of the i n c l i n e d beds in t h i s d i p - s e c t i o n i s 
sigmoidal ( i . e . , strong asymptotic r e l a t i o n s h i p s of 
the i n c l i n e d beds at the base and top of the set and 
steeper gradients in the c e n t r a l part o f the s e t ) . 
The L i d d e l l Coal Seam i s j u s t below the water l e v e l 
except in two places (arrows). Highwall (below l e v e l 
of the lower bench) i s approximately kS m h i g h . 

I 



FIGURE 22: A clo s e up of the eastern highwall in the southern p a r t 
of the Foybrook-Main (South) Open Cut. L i d d e l l Coal 
Seam at bottom of exposure. S e c t i o n S2B was logged 
at the p o s i t i o n of the m e t r i c banner s c a l e . Sandstone 
i s concentrated in the lower h a l f of the i n c l i n e d bed-set 
whereas s i l t s t o n e dominates the upper h a l f (see F i g . 
21). The top of the i n c l i n e d bed-set i s d e f i n e d by the 
base of the A r t i e s Coal Seam (arrowed). The pebbly 
sandstone u n i t which o v e r l i e s the A r t i e s Coal Seam forms 
the conspicuous r e s i s t a n t zone in the topmost part of 
the c l i f f above the bench. The canvas banner has 1 m 
s u b d i v i s i o n s . Note that an approximately 2 m - t h i c k 
u n i t of s i l t s t o n e o v e r l i e s the coal and u n d e r l i e s the 
i n c l i n e d s t r a t a . 
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mines, both l a t e r a l l y and v e r t i c a l l y , and comprises g r e a t e r 

amounts of fine-to-medium sandstone in massive beds ( F i g s . 

13, 2 3 ; Panorama P5; Sections S5A, S5B, S5C and S5D). 

(b) V e r t i c a l V a r i a t i o n i n L i t h o l o g y 

Because of areal v a r i a t i o n s of bulk f a c i e s and 

ar e a l v a r i a t i o n of the i n t e r n a l geometry and shape of the 

i n c l i n e d s t r a t a (discussed l a t e r ) the v e r t i c a l d i s t r i b u t i o n 

of l i t h o l o g y as seen in the v a r i o u s s t r a t i g r a p h i c S e c t i o n s 

a l s o v a r i e s but does e x h i b i t some d e f i n i t e o v e r a l l v e r t i c a l 

patterns (see S e c t i o n s ) . Four such patterns are r e c o g n i z a b l e : 

(1) Only incomplete s e c t i o n s at the s e a m - s p l i t o f the 

L i d d e l l and the Lower A r t i e s Coal Seams (Foybrook-Main Open 

Cut (North)) were p o s s i b l e because of the d i f f i c u l t y o f 

l o c a t i n g s u i t a b l e anchors f o r the f i x e d ropes. Consequently 

the v e r t i c a l extent to which each s e c t i o n was legged at 

t h i s l o c a l i t y was r e s t r i c t e d by the l i m i t s of s a f e t y when 

climbing up the c l i f f face and high-angled loose s c r e e 

s l o p e s . Section SID was the only one t o extend above the 

Upper A r t i e s Coal Seam in t h i s mine because of these 

r e s t r i c t i o n s . The Sections (S1A, S1B, S1C, S1D) show that 

between the Lower A r t i e s and the L i d d e l l Coal Seams, the 

percentage of sandstone i s high t o very high (67% t o 32%). 

It i s in t h i s area a l s o where the i n c l i n a t i o n o f the s t r a t a 

are very high - up to 33° w i t h some beds up t o hk° (Sections 

SIC, SID). 

At Foybrook-Main Open Cut (North) in most of the 

Sections there i s a t h i n (0.5 m - 2 m - t h i c k ) u n i t o f 



FIGURE 2 3 : Typical view of i n c l i n e d bedding s t r u c t u r e at Howick 
Open Cut. View looks towards the east and southeast. 
Massively bedded, dominantly fine

-
to-medium sandstone 

comprises the i n c l i n e d beds (Table 4 ) . Scree and 
debris t o t a l l y obscure the topmost beds and p a r t i a l l y 
obscure the main L i d d e l l Coal Seam which has i t s top 
boundary with the o v e r l y i n g i n c l i n e d s t r a t a at the 
l e v e l of the man's head. Topmost part o f the i n c l i n e d 
bed-set has been removed by d r a g l i n e s t r i p p i n g . Mote 
the f a i r l y s t r a i g h t geometry of the i n c l i n e d beds. 
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carbonaceous s i l t s t o n e which d i r e c t l y o v e r l i e s the main 

L i d d e l l Coal Seam. The s i l t s t o n e i s then a b r u p t l y o v e r l a i n 

by a fine-to-medium sandstone which dominates each s e c t i o n 

throughout the i n c l i n e d crossbed-set up t o a l e v e l o f 

a couple of metres below the Upper A r t i e s Coal Seam 

(Section S1A) or the Lower A r t i e s Coal Seam (Sections 

S1B, SIC, S1D; Panorama P I ) . Below the two A r t i e s Seams 

there i s a u n i t of carbonaceous s i l t s t o n e . 

(2) At Foybrook-Main Open Cut (South) ( S e c t i o n S2A) a 

1.5 m - t h i c k carbonaceous s i l t s t o n e c o n t a i n i n g c o a l i f i e d 

plant stem fragments concordantly o v e r l i e s the L i d d e l l 

Coal Seam ( t h i s same s i l t s t o n e u n i t occurs in S e c t i o n S2B 

and is p i c t u r e d in Figure 2 2 ) . O v e r l y i n g t h i s s i l t s t o n e 

i s a un i t o f fine-to-medium sandstone approximately 16.5 m 

t h i c k . The i n c l i n a t i o n of the beds w i t h i n the large s c a l e 

i n c l i n e d s t r a t a i s at i t s steepest in the lower parts of 

the i n c l i n e d bedding s t r u c t u r e and becomes l e s s steep in 

the upper parts of the i n t e r v a l . Above t h i s sandstone there 

i s a grad a t i o n a l change i n t o a s i l t s t o n e r i c h i n carbonaceous 

material and several d i s c r e t e beds having a carbonate cement. 

This u n i t of s i l t s t o n e i s 26 m t h i c k and i s o v e r l a i n by 

the 3 m - t h i c k A r t i e s Coal Seam (the Lower A r t i e s and 

Upper A r t i e s Coal Seams have coalesced f u r t h e r to the n o r t h ) . 

The lower boundary surface o f the A r t i e s Coal Seam i s 

t r a n s i t i o n a l and planar whereas the top of the seam i s 

planar and abrupt. A s i m i l a r v e r t i c a l p a t t e r n of l i t h o -

l o g i c a l change occurs in Sec t i o n S2B in the same mine 
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( F i g . 22; Panorama P 2 ) . 

(3) At Foybrook-S.W. Open Cut a t h i n u n i t o f carbonaceous 

s i l t s t o n e (0.75 m to 1.5 m - t h i c k ) conformably o v e r l i e s 

the L i d d e l l Coal Seam. The r e s t o f the s e c t i o n comprises 

s i 1 t s t o n e w i t h t h i n interbeds o f f i n e sandstone ( F i g . 12; 

Panorama Pk; Sections SkA, SkB, SkC) ; these sandstone 

interbeds vary in thickness between 0.1 m to 1.2 m ( F i g . 

2k). A s i m i l a r v e r t i c a l l i t h o l o g i c a l p a t t e r n occurs at 

Foybrook-S.E. Open Cut, except in the southeast corner of 

the mine where the bulk of the sandstone i s observed to 

o c c u r ( S e c t i o n S3B) as a 9 m - t h i c k u n i t of dominantly 

sandstone w i t h very minor s i l t s t o n e interbeds o v e r l y i n g a 

s i l t s t o n e u n i t which, i n t u r n , o v e r l i e s the L i d d e l l Coal 

Seam ( F i g . 25; Panorama P 3 ) . 

(4) At Howick immediately above the main L i d d e l l Coal 

Seam, i s a f i n e l y bedded s i l t s t o n e u n i t which has a maximum 

thickness of 5-5 m and a minimum t h i c k n e s s of 2 m. This 

u n i t u n d e r l i e s the lower part s o f the i n c l i n e d beds which 

here comprise a fine-to-medium grained sandstone throughout 

most of the s e c t i o n . At the top of the s e c t i o n a f i n i n g -

upward trend occurs and begins in the upper part of the 

crossbed s e t . This fining-upward trend i s d e f i n e d by a 

gradual t r a n s i t i o n of fine-to-medium sandstone i n t o a 

carbonaceous s i l t s t o n e (Sections S5A, S5B, S5C, S5D). The 

s i l t s t o n e i s then o v e r l a i n by the A r t i e s Coal Seam which 

has a gr a d a t i o n a l p l a n a r boundary w i t h the u n d e r l y i n g 

s i I t s t o n e . 



FIGURE 2k: View of i n c l i n e d bedding s t r u c t u r e in the western 
highwall o f the Foybrook-S.W. Open Cut (view looks 
northwest). L i d d e l l Coal Seam at base. Beds of 
s i l t s t o n e (recessive) dominate but are a s s o c i a t e d 
w i t h t h i n interbeds of f i n e sandstone ( r e s i s t a n t 
beds). Note that the i n c l i n e d beds extend up i n t o 
the vegetated slope at the top of the photograph. 
The geometry of the beds tends to be s t r a i g h t w i t h 
f l e x e d lower parts ( i . e . , asymptotic contact w i t h 
the underlying coal seam. Note a l s o the p r o g r e s s i v e 
change in f a c i e s towards the l e f t as r e f l e c t e d 
by change in the p r o p o r t i o n of r e s i s t a n t sandstone 
beds. The i n c l i n e d beds dip towards the west-
southwest (see F i g . 3 0 ) . The banner has 1 m 
s u b d i v i s i o n s . 

\ 



HGURE 25: Southern end of eastern highwall of Foybrook-S.E. Open 
Cut ( l o o k i n g e a s t ) . The bulk o f the l i t h o l o g y i s 
fine-to-medium sandstone which o v e r l i e s a t h i n s i l t ­
stone u n i t v/hich, in t u r n , o v e r l i e s the main L i d d e l l 
Coal Seam. An oblique view l o o k i n g onto t h i s w a l l 
in a n o r t h e a s t e r l y d i r e c t i o n i s shown i n Figure 10. 
The i n c l i n e d s t r a t a dip towards the n o r t h , highwal1 i s 
approximately 25 rn h i g h . 
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5.3 INTERNAL ORGANIZATION OF THE CROSSBED SET 

The highwall exposures a f f o r d views of the sedimentary rocks 

in s e c t i o n s which are both p a r a l l e l to and normal to the s t r i k e of the 

i n c l i n e d s t r a t a . In a l l but the south w a l l of the Foybrook-S.E. Open 

Cut and short highwall exposures at the southern end o f the Foybrook-

Main Open Cut and northern end o f the east w a l l of the Foybrook-S.E. 

Open Cut, the highwalls are e s s e n t i a l l y d i p - or near d i p - s e c t i o n s . The 

southern w a l l at the Foybrook-S.E. Open Cut provides an o b l i q u e s e c t i o n 

of the i n c l i n e d beds and because of a l o c a l swing in t h e i r s t r i k e here 

the exposed s e c t i o n changes p r o g r e s s i v e l y from being a s t r i k e - s e c t i o n 

in the east to sections which are o b l i q u e , and p o s s i b l y s t r i k e - p a r a l l e l 

again in the wast (see F i g . 11 and Panorama P3a). 

(a) Geometry of the I n c l i n e d S t r a t a in Dip-Section 

In v e r t i c a l exposures viewed in d i p - s e c t i o n the 

geometry of the i n c l i n e d beds v a r i e s c o n s i d e r a b l y and can be 

r e l a t e d d i r e c t l y to changes in gross l i t h o l o g y and g r a i n s i z e . 

Several d i s t i n c t i v e geometrical p a t t e r n s can be recognized 

( F i g s . 26, 27). 

(1) At Foybrook-Main Open Cut the i n c l i n e d s t r a t a e x h i b i t 

a g r o s s l y sigmoidal geometry ( F i g . 21; F i g . 26, case C) 

and are developed in l o c a l l y homogenous f a c i e s ; i . e . , the 

lower segments and middle segments of the i n c l i n e d beds tend 

to be made up of fine-to-medium sandstone (Sections S2A 

and S2B; Panoramas P I , P2). Within the sigmoidal u n i t s , 

the sandstone beds tend to be massive, a t t a i n i n g thicknesses 

of 2 m. In d i v i d u a l sandstone and s i l t s t o n e beds are 





FIGURE 26: 

Rel a t i o n s h i p between l i t h o l o g y and i n t e r n a l geometry o f the i n c l i n e d 
beds. Average angle of i n c l i n e d s t r a t a in d i p - s e c t i o n was computed 
by t r a c i n g the l a t e r a l extent of an i n d i v i d u a l stratum ( i n the 
Panoramas) between the b r a c k e t i n g s t r a t i g r a p h i c u n i t s ( i . e . , the 
A r t i e s Coal Seam and the main L i d d e l l Coal Seam), n o t i n g the h o r i ­
zontal d i s t a n c e and v e r t i c a l distance over which the stratum was 
developed, then computed the angle of i n c l i n a t i o n by the t r i g o n o m e t r i c 
r a t i o : .. 

Tan9 = 77 

Pictograms are referred by v e r t i c a l t i e - l i n e s to l i t h o l o g y p l o t t e d 
(as percent-sandstone) on the h o r i z o n t a l a x i s . T i e - l i n e s f o r each 
d i f f e r e n t pictogram u t i l i z e percent-sandstone data computed from the 
s t r a t i g r a p h i c logs in the d i f f e r e n t open cut mines (see Table 4 ) . The 
average l a t e r a l extent of an i n d i v i d u a l i n c l i n e d bed (stratum) in each 
of the depicted end member geometrical patterns i s i n d i c a t e d on the base 
of each pictogram and represents the orthogonal p r o j e c t i o n of the out­
crop-trace of the bed in the dip s e c t i o n highwall exposure onto the base 
of the crossbed-set. 
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HGURE 27: The r e l a t i o n s h i p of mean angle of dip of an i n d i v i d u a l 
i n c l i n e d stratum and the mean percent o f sandstone in 
the res p e c t i v e open cut (see Table k). This angle 
was c a l c u l a t e d by the same method as e l a b o r a t e d in 
Figure 26. 
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l a t e r a l l y very continuous in the Foybrook-Main Open Cut, 

e.g., the tra c e of an i n d i v i d u a l bed may be up t o 300 m 

long in d i p - s e c t i o n . The sigmoidal shape of the i n c l i n e d 

beds is t y p i c a l l y asymmetric about an imaginary plane 

drawn through the crossbed-set at about a mid-height 

p o s i t i o n above i t s lower bounding s u r f a c e and p a r a l l e l to 

t h i s s u r f a c e : whereas the asymptotic r e l a t i o n s h i p of the 

i n c l i n e d beds to the lower bounding s u r f a c e of the crossbed-

set i s r e l a t i v e l y abrupt (because the concave-up segments 

are of r e l a t i v e l y small l a t e r a l e x t e n t ) , the asymptotic 

geometry developed at the top o f the crossbed-set i s much 

more gradual (because the convex-up segments of the i n c l i n e d 

beds have l a t e r a l extents here f a r g r e a t e r than do the 

concave-up segments at the base - see F i g s . 2 1 , 22 and 

26; Panoramas P1, P2). This geometrical asymmetry i s 

accompanied by a l a t e r a l bed t h i c k n e s s asymmetry: beds 

are t h i c k e r in the v i c i n i t y of the l o w e r - i n f l e c t i o n p o i n t 

but become p r o g r e s s i v e l y t h i n n e r 'when f o l l o w e d upwards 

towards the top of the bed-set where up d i p convergence of 

the i n c l i n e d beds begins ( F i g s . 21, 20; Panoramas P1 , P2). 

(2) Although the l a t e r a l d i p - s e c t i o n extent o f the 

i n c l i n e d s t r a t a i s of a s i m i l a r o r d er of s c a l e to that at 

Foybrook, the actual geometrical c o n f i g u r a t i o n o f the 

i n c l i n e d beds d i f f e r s in the o t h e r open cut exposures ( F i g . 

2 6 ) . In the d i p - s e c t i o n s at the Foybrook-S.E. and Foybrook 

-S.W. Open Cuts the geometry o f the s t r a t a tends to be 

s t r a i g h t w i t h s h o r t , concave-up, f l e x e d lower segments 
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g i v i n g a concordant asymptotic r e l a t i o n s h i p w i t h the 

underlying s i l t s t o n e and main L i d d e l l Coal Seam ( F i g . 

26, cases A and B ) . The upper segments of the i n c l i n e d 

beds are a l s o most l i k e l y asymptotic w i t h the o v e r l y i n g 

s t r a t i g r a p h i c u n i t (the A r t i e s Coal Seam) but t h i s 

r e l a t i o n s h i p cannot be seen because of mining and s t r i p p i n g 

operations at the s t r a t i g r a p h i c l e v e l in these open c u t s . 

However, the i n f e r r e d asymptotic r e l a t i o n s h i p i s i n d i c a t e d 

by a progressive decrease in the dip of the s t r a t a h i g h e r 

up in the highwall exposures (Sections S3A, S3B, S ' i A , 

SAB, $4C; F i g s . 10 and 11). The sandstone beds in the 

Foybrook-S.E. and the Foybrock-S.V/. Oper. Cuts are t h i n 

( g e n e r a l l y less than 1 m t h i c k and are l a t e r a l l y e x t e n s i v e 

but r e l a t i v e l y s t r a i g h t throughout most of t h e i r exposed 

length w i t h i n the crossbed-set (Panoramas P3, Pk) . 

(3) At Howick the r e l a t i o n s h i p of the i n c l i n e d beds to 

the underlying main L i d d e l l Coal Seam i s g e n e r a l l y 

asymptotic: - most beds are s t r a i g h t w i t h r e l a t i v e l y short 

asymptotic term mat ions in the lowermost and uppermost 

parts of the set ( F i g . 23; F i g . 26, case D). The middle 

segments of the i n c l i n e d s t r a t a c o n s i s t here of massively 

bedded fine-to-medium sandstone which continues i n t o the 

lowermost and uppermost parts of the crossbed-set where 

i t is e v e n t u a l l y replaced by s i l t s t o n e (Panorama P5)• 

(4) Within the Foybrook-Main Open Cut (North and South) 

there are s u b s i d i a r y l a r g e - s c a i e crossbed-sets developed 

w i t h i n the framework of the master crossbed-set ( F i g s . 28 
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and 29; Panorama P2). These secondary but s t i l l l a r g e -

s c a l e features are developed in the basal 6 - 8 m of the 

master crossbed-set and e x h i b i t asymptotic r e l a t i o n s h i p s 

w i t h the main L i d d e l l Coal Seam and w i t h the o v e r l y i n g 

master crossbeds which tend to drape the second-order 

set ( F i g s . 28 and 29). The secondary crossbeds have a 

set thickness of approximately 5 m and i n d i v i d u a l beds 

w i t h i n the set have a d i p - s e c t i o n development in the order 

of 26 m. 

(b) Areal V a r i a t i o n in Dip-Azimuth of the Master 

Crossbeds 

Within each open cut mine the s p a t i a l a t t i t u d e o f 

the l a r g e - s c a l e i n c l i n e d beds is unimodal ( F i g . 30) but. there 

i s a progressive change in dip-azimuth from north to south: 

in the Foybrook-Main Open Cut the s t r a t a are i n c l i n e d to the 

n o r t h ; at Foybrook-S.E. they are i n c l i n e d t o the n o r t h - n o r t h ­

west; in the Foybrook-S.W. Open Cut they are i n c l i n e d to the 

west-southwest and in the Howick Open Cut they are i n c l i n e d to 

the southwest (see F i g . 30 A-E). This areal p a t t e r n of 

d i r e c t i o n of i n c l i n a t i o n of the s t r a t a r e f l e c t s an o v e r a l l 

lobate s t r u c t u r e defined by azimuths o f i n c l i n e d bedding 

which swing p r o g r e s s i v e l y counter-clockwise from the north 

(at Foybrook-Main Cut) through west (at Foybrook- S.W. Open 

Cut) to the southwest at Howick (Map 2 ) . Measurements on the 

i n c l i n e d s t r a t a taken in road and r a i l c u t t i n g s in i n t e r v e n i n g 

areas between the open cut mines c o n t r i b u t e t o the d e l i n e a t i o n 

of t h i s g r o s s l y lobate pattern convex towards the west (Map 2)-



FIGURE 28: Large s c a l e s u b s i d i a r y crossbedding occurs w i t h i n the 
f i r s t - o r d e r crossbed-set in Foybrook-Main Open Cut. 
The second-order crossbed-set i s developed immediately 
above the main L i d d e l l Coal Seam (which i s j u s t below 
the w a t e r ) . The l i t h o l o g y w i t h i n the second-order set 
i s e s s e n t i a l l y homogenous and predominantly f i n e - t o -
medium sandstone. The banner has 1 m d i v i s i o n s . 
L o c a t i o n : middle part of the eastern h i g h w a l l of the 
Foybrook-Main Open Cut (South). 



Oblique view of the second-order crossbedding shown 
in Figure 28. Note a l s o the l a t e r a l c o n t i n u i t y and 
upward attenuation of i n d i v i d u a l beds w i t h i n the 
primary crossbed s e t . The main L i d d e l l Coal Seam 
i s j u s t below the water l e v e l . The banner has 1 m 
d i v i s i o n s . L o cation: see c a p t i o n to F i g u r e 28. 





FIGURE 30: 

Equal area stereograms of poles to master bedding planes w i t h i n the 
large s c a l e crossbed set exposed in the open cut h i g h w a l l s in the 
Foybrook-Howick area. 

A: Foybrook-Main (North) Open Cut; 

B: Foybrook-Main (South) Open Cut; 

C: Foybrook-S.E. Open Cut; 

D: Foybrook-S.W. Open Cut; 

Howi ck Open Cut; 

10 p o i n t s , contoured at 1, 2, 3, 
k, 5 percent contour l e v e l s ; mean 
bedding dip/dip-azimuth -
140/0090. 

15 p o i n t s , contoured at 1, 3, 6, 
10 percent contour l e v e l s ; mean 
bedding dip/dip-azimuth = 
220/360°. 

22 p o i n t s , contoured at 1, 5, 9, 12, 
15 percent contour l e v e l s ; mean 
bedding dip/dip-azimuth ~ 
15°/346°. 

Ik p o i n t s , contoured at 1, 5, 13, 12 
percent contour l e v e l s ; mean 
bedding dip/dip-azimuth = 
1 W 2 5 4°. 

34 p o i n t s , contoured at 1, 5? 9, 12, 
14 percent l e v e l contours; mean 
bedding dip/dip-azimuth = 
11°/232°. 
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(c) Sedimentary S t r u c t u r e s \7ithin the Master 

Crossbeds 

Sedimentary s t r u c t u r e s w i t h i n the master crossbeds 

are developed on a s c a l e of m i l l i m e t r e s and centimetres 

( r a r e l y decimetres) in contrast to the tens-of-metres s c a l e 

and metres s c a l e which r e s p e c t i v e l y c h a r a c t e r i z e the f i r s t -

order and second-order crossbed sets d i s c u s s e d above. The 

c h a r a c t e r i s t i c s of these s m a l l - s c a l e s t r u c t u r e s are o u t l i n e d 

in Table 5. 

Wavy and p a r a l l e l laminations were by f a r the most 

common sedimentary s t r u c t u r e s w i t h i n the master crossbeds. 

These sedimentary s t r u c t u r e s were found to be developed i n both 

s i l t s t o n e and sandstone beds in a l l the high w a l l exposures; 

they could be found in every part o f the master crossbed s e t 

and were mostly defined by the co n c e n t r a t i o n of carbonaceous 

m a t e r i a l along d i s t i n c t planes (Table 5 ) . R i p p l e - d r i f t cross 

lamination are r e l a t i v e l y common and appeared to be mostly 

r e s t r i c t e d to the middle and upper segments o f the i n c l i n e d 

beds. Only two examples of d i s t u r b e d o r contorted l a m i n a t i o n 

were seen and these were c e n t i m e t r e - s c a l e s t r u c t u r e s 

encountered i n the Foybrook-Main Open Cut (North) p r e c i s e l y at 

the lower l i m i t s of the i n c l i n e d master beds ( F i g . 41) and 

h a l f way up the crossbed-set i n a s i l t s t o n e bed found in 

Foybrook-Main (South) Section S2B. No other d i s t u r b e d o r 

contorted bedding was seen i n the study area. Centimetre-

s c a l e trough cross lamination was abundant in a l l the open 

c u t s ; 1 ike wavy lamination and p a r a l l e l l a m i n a t i o n , c r o s s -

lamination was u s u a l l y defined by concer ":rat ions of carbonaceous 
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TABLE 5: SEDIMENTARY STRUCTURES WITHIN THE LARGE SCALE MASTER CROSSBEDS 

FORM SCALE EXAMPLES 
(FIGURE) 

OVERALL 
A3UNDANCE 

LOCALITY CHARACTERISTIC 

SETTING (WllHIM 

PASENT CROSSSEUS) 

DEFINED BY GEOMETRICAL 

RELATIONSHIP TO 

PARENT CROSSBEDS 

CHARACTERISTIC 
LITHOLOGY 

Parallei 
lamination 

< cm 31, 32, 35 
36, 39 

Very 

abundant 

How I ck 

Foybrook-S.W. 
Foybrook-S.E. 
Foybrook-Ma 1n 

Topmost scvii'.K'hts 
Middle segments 
Bottom-most segments 

Carbonaceous 
ri-aterlal and 
subtle grain 
size changes 

Developed along 
the bedding 
plane 

Siitstonc 
Fine sandstone 

Wavy 
lamination 

< cm 32. 33 
40 

Very 

abundant 

How! ck 

Foybrook-S.W. 

Foybrook-S.E. 

Foybrook-Main 

Topmost segments 
M'ddle segments 
Bottom-most segments 

Carbonaceous 

material and 

subtle grain 

size changes 

Developed along 

the bedding plane 
SI It stone 

Fine sandstone 

Cent 1 met re-
scalc ripplo-
d r l f t cross-
l.."n nation 

Type* 1 J4. 33, 33 Foybrook-5. C. 
Foybrook-Main 

(South) 

Topmost segments 
Hi dd i e s:*giiicnis 

Grain size d i f f ­
erence i, carbon­
aceous material 

Obiique-to-dip 
Down-dip 
Up-dip 

Fine sandstone 

2 
set thickness 

< 7 cm J * . 36. *0 Common Howick 

Foybrook-Main 

(South) 

Middle segments Carbonanceous 

material 
Do/.'n-dip 
Up-d i p 

Fine sandstone 

3 36 ^ Howick 
Foybrook rlaiii 

Middle segments Carbonaceous 
notarial 

Down-dip 

up-dip 
Fine.sandstone 

Centimetre-

scale trough 

eross-

lamination 

coset thickness 

< 15 or. 
< 7 cm set 
thickness 

3S 
Abundant 

Foybrook-Main 

Foybrook-S.E. 

Foybrook-S.W. 

Howlck 

Tcpmost segments 

Kiddle segments 

Bottom-most 

segments 

Carbonaceous 

material and 

subtle grain 

size change 

down-dip 

obi !o,uo-to-

dip 

Fine sandstone 

Si Its tone 

Disturbed or Jivi'op*d 39 . ' ' Rare FoybrooK-riain Middle segments Carbonaceous Developed e-.se.n- Slltslono 

contorted larai- thlcknoss (tnut:-.) material t l a l l y along 

nation (small < 5 cm Foybrook-Main Bottom-most bedding plane 

scale) (North) segments 

* From Jopling and Walker (1S68) 
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fJGURE 31: P a r a l l e l laminations defined by the c o n c e n t r a t i o n of 
carbonaceous material in a s i l t s t o n e , S e c t i o n S3aC 
(Foybrook-S.E. south w a l l ) ; the c a r a b i n e r i s 11 cms 
long. 



fJGURE 32: Wavy and p a r a l l e l laminations defined by the concen­
t r a t i o n of carbonaceous m a t e r i a l and by g r a i n s i z e 
changes. Location: 6 m above the main L i d d e l l Coal 
Seam at Howick Open Cut; Section S5B. The rock type 
i s fine-to-medium l i t h i c sandstone and dip of the 
i n c l i n e d s t r a t a i s l e f t t o r i g h t . 



FIGURE 33: R i p p l e - d r i f t cross laminations (Type 1 - J o p l i n g and 
Walker, 1968) and wavy laminations in a f i n e l i t h i c 
sandstone at Howick, 6 m above the L i d d e l l Coal Seam, 
Section S5A. The tape measure case i s r e s t i n g on 
an i n c l i n e d master bedding plane. D i r e c t i o n of t r a c t i o n 
transport i n d i c a t e d by the cross l a m i n a t i o n i s up-
slope with respect t o the master bedding. 



fIGURE 34: Type 1 and type 2 r i p p l e - d r i f t cross lamination 
of J o p l i n g and Walker (1968) located 15 m above 
the main L i d d e l l Coal Seam in the southern end 
of the Foybrook-Main Open Cut (South). The 
s t r u c t u r e s are developed in f i n e sandstone and 
are defined by carbonaceous m a t e r i a l . The master 
bedding dips from r i g h t t o l e f t and the d i r e c t i o n 
of t r a c t i o n - t r a n s p o r t i n d i c a t e d by the r i p p l e -
d r i f t cross lamination i s up-slope ( i . e . , l e f t t o 
r i g h t ) w i t h respect to the a t t i t u d e of the master 
beds. Coin (20 cent piece) g i v e s s c a l e . 



fjGURE 35: P a r a l l e l laminations and type 1 r i p p l e d r i f t cross 
lamination of J o p l i n g and Walker (1968) in S e c t i o n 
S3aC (Foybrook-S.E., south w a l l ) ; the c a r a b i n e r 
i s 5 cms wide. Travel d i r e c t i o n i n d i c a t e d by the 
r i p p l e - d r i f t cross lamination w i t h respect t o the 
a t t i t u d e of the master crossbeds i s o b 1 i q u e - t o - d i p . 



FIGURE 36: P a r a l l e l laminations and type 2 and type 3 r i p p l e s 
of J o p l i n g and Walker (1968) at Howick Open Cut i n 
a f i n e sandstone in Section S5B 5 m above the L i d d e l l 
Coal Seam. D i r e c t i o n of t r a v e l i n d i c a t e d by r i p p l e -
d r i f t cross lamination i s down-dip w i t h respect t o 
the a t t i t u d e of the master crossbeds. 



fJGURE 3 7 T r o u g h cross laminations in a coarse carbonaceous 
s i l t s t o n e located at Foybrook-S.E. (south w a l l ) , 
Section S3aD; the carabiner i s 11 cms ong. Travel 
d i r e c t i o n i n d i c a t e d by trough cress laminations i s 
obi ique-to-dip ( l e f t to r i g h t ) w i t h respect to the 
a t t i t u d e of the master crossbeds. The exposure o f 
t h i s photograph i s s t r i k e p a r a l l e l so the master 
crossbeds dip towards the reader. 

\ 



fJGURE 3 8 : A coset of c e n t i m e t r e - s c a l e trough cross lamination 

in a f i n e sandstone. L o c a t i o n : top of S e c t i o n S3B 
(Foybrook-S.E., east w a l l ) . The s e t s of trough 
cross lamination i n d i c a t e a d i r e c t i o n o f t r a v e l 
down-dip with respect to the a t t i t u d e o f the master 
crossbeds. The master crossbeds dip s h a l l o w l y from 
r i g h t to l e f t . 

\ 



FIGURE 39: Contorted and p a r a l l e l laminations and r i p p l e - d r i f t 

cross laminations (Type 1) def i n e d by the co n c e n t r a t i o n 
of carbonaceous m a t e r i a l in fine-to-medium sandstone 
16 m above the L i d d e l l Coal Seam, Foybrook-Main Open 
Cut, Section S28. The master crossbeds d i p from r i g h t 
t o l e f t . The t r a v e l d i r e c t i o n i n d i c a t e d by the r i p p l e -
d r i f t cross laminations i s oblique-to-down-dip w i t h 
respect to the a t t i t u d e of the master crossbeds. 



jgure kO: Wavy la m i n a t i o n s , r i p p l e - d r i f t cross l a m i n a t i o n , (type 
2 r i p p l e s of J o p l i n g and Walker, 1968) and def i n e d by 
concentrations of carbonaceous m a t e r i a l . L o c a t i o n : 

3 m north of the s e a m - s p l i t , Foybrook-Main (North) 
Open Cut; Section SIB. Travel d i r e c t i o n i n d i c a t e d by 
r i p p l e - d r i f t cross lamination appears to be predominantly 
l e f t to r i g h t , which means that i t i s up-dip w i t h respect 
t o the a t t i t u d e of the master crossbeds. 



FIGURE k1; Close-up view of part of the exposure shown i n F i g u r e 
38 j u s t above the hammer. Note small s c a l e scour 
s t r u c t u r e s and prevalence of t r a c t i o n - t r a n s p o r t from 
l e f t to r i g h t as i n d i c a t e d by the micro-cross 
l a m i n a t i o n . Centimetre-scale sedimentary s t r u c t u r e s 
i n d i c a t e a predominant t r a v e l d i r e c t i o n up-dip w i t h 
respect to the a t t i t u d e of the master crossbeds. 



- 81 -

mat e r i a l (Table 5 ) , nonetheless some good examples of 

centimetre-scale trough cross laminations d e f i n e d by g r a i n 

s i z e d i f f e r e n c e s were found ( F i g s . 37 and 38). 

(d) Foss ?1s 

The f o s s i l m a t e r i a l encountered was e x c l u s i v e l y of 

vegetable o r i g i n and included l e a f i m p r e s s i o n s , l e a f fragments, 

t r e e t r u n k s , stems and woody t i s s u e that had been c o a l i f i e d . 

The s t a t e of p r e s e r v a t i o n of the leaves w i t h i n the beds i s 

u s u a l l y poor, mostly c o n s i s t i n g of extremely macerated plant 

matter. P a r t i c u l a r kinds of plant m a t e r i a l were found in 

p a r t i c u l a r areas; f o r example, the l a r g e r f o s s i l logs whose 

diameters reach 30 cm are found e x c l u s i v e l y in the f i r s t 3 m 

of s i l t s t o n e d i r e c t l y above the main L i d d e l l Coal Seam; and 

s m a l l e r logs were encountered at Foybrook-Main Open Cut o n l y 

w i t h i n a 5 rn - i n t e r v a l immediately below the A r t i e s Coal Seam. 

Throughout each of the s e c t i o n s logged in the Foybrook 

-Main Open Cut (North and South) c o a l i f i e d fragments o f woody 

t i s s u e are r e s t r i c t e d 1 i t h o l o g i c a l l y t o the medium to coarse 

sandstone of the master crossbeds. Upright f o s s i l t r e e segments 

(some at least i n - s i t u trunks) as w e l l as f l a t - l y i n g f o s s i l logs 

are found at Howick only in the lower part o f the crossbed-set 

immediately above the L i d d e l l Coal Seam and at Foybrook-Main 

Open Cut only immediately above and below the A r t i e s Coal Seam 

( F i g . 4 2 ) . The f o s s i l logs at Howick that are demonstrably 

i n - s i t u or apparently i n - s i t u are u p r i g h t w i t h respect to the 

upper bounding surface and i n t e r n a l bedding o f the u n d e r l y i n g 

L i d d e l l Coal Seam and p r o j e c t upwards i n t o the i n c l i n e d s t r a t a 



In s i t u f o s s i l log i n carbonaceous s i l t s t o n e j u s t 
below the A r t i e s Coal Seam; Foybrook-Main Cut 
(South), Section S2B. 
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from the upper surface of t h i s seam ( F i g s . 43, hk and 45). 

At l e a s t twelve such s t r u c t u r e s have been encountered. T h e i r 

exposed height above the top of the L i d d e l l Coal Seam ranges 

from 1 m to 7 m, but g e n e r a l l y they are less than 3 m h i g h . 

Unique to the Howick Open Cut are l a t e r a l l y r e s t r i c t e d , seem­

i n g l y l e n t i c u l a r concentrations of c o a l i f i e d fragmented p l a n t 

m a t e r i a l interbedded w i t h the master c r o s s - s t r a t a ( F i g s . 46 

and 47). One such lens measured 0.3 m t h i c k at i t s maximum 

development and was approximately 6 m long as exposed in s e c t i o n . 

Because of the l i m i t a t i o n s o f the exposure no i n f o r m a t i o n about 

the plan-view geometry of these carbonaceous-rich beds i s 

a v a i l a b l e . Thin s e c t i o n s HS51 , HS52 of t h i s rock revealed 

abundant organic m a t e r i a l in a sandstone m a t r i x : seeds, seed 

c o a t i n g s , l e a v e s , s p o r e s , l e a f fragments and c u t i c l e fragments 

intermixed w i t h i n o r g a n i c c l a s t i c d e t r i t u s . Leaf fragments 

and poorly-preserved whole leaves could be found in most p a r t s 

o f the s i l t s t o n e and sandstone beds i n a l l the open c u t s . The 

dominant l e a f type i s G l o s s o p t e r l s . A very minor amount of 

Equ?s?taleans (at Howick, Section S5E) and a q u e s t i o n a b l e 

specimen of P h y l l o t h e c a a u s t r a l is (at Foybrook-S.W. Open Cut) 

were a l s o found. 

Measurements of the bearing were taken on each o f 

the f l a t - l y i n g logs found at Howick Open Cut, Foybrook-Main 

Open Cut and Foybrook-S.E. Open Cut. V/here the number of 

measurements was great enough (as at Howick Open Cut) a rose 

diagram was constructed ( F i g . 48), f o r data o f log bearings 

found at Foybrook-S.E. and at Foybrook-Main (South), the bearings 

were simply p l o t t e d on a 'compass
1
 diagram together w i t h the 



FIGURE k3: U p r i g h t , j_n s i t u carbonized f o s s i l t r e e at Howick 

Open Cut. Digging revealed that the log continues 

down i n t o the underlying L i d d e l l Coal Seam. Bedding 

planes in the surrounding sandstone show abundant 

plant remains. The log i s approximately 2 m h i g h . 



HGURE kh: Upright carbonized f o s s i l log whose c o n t i n u i t y i n t o the 
top of the underlying L i d d e l l Coal Seam (the f l o o r in 
the photograph) was indeterminable. The e n c l o s i n g s t r a t a 
dip l e f t t o r i g h t at a low angle and c o n s i s t l a r g e l y of 
fine-to-medium sandstone. L o c a t i o n : In the east w a l l 
o f Howick Open Cut. 



FIGURE kS'- View of part of the eastern highwall of the Howick 

Open Cut showing an upright f o s s i l t r e e segment that 
has been i n t e r s e c t e d by the highwall exposure and so 
exposed at several places along i t s length (arrowed). 
The exposed parts o f the f o s s i l t r e e show th a t i t i s 
at l e a s t 7 m high above the top o f the L i d d e l l Coal 
Seam (which i s exposed in the f l o o r of the open cut 
at the bottom of the photograph). The f o s s i l t r e e i s 
v e r t i c a l w i t h respect to the l e f t to r i g h t i n c l i n a t i o n 
of the master bedding planes of the enveloping 
sandstone as w e l l as with respect to the top of the 
L i d d e l l Coal Seam. As reconstructed h e r e , t h i s i s the 
longest upright f o s s i l t r e e encountered i n the study 
area. 



FIGURE 46: View of part of the eastern h i g h w a l l o f the Howick 
Open Cut at the l o c a l i t y of S e c t i o n S5B. L i d d e l l 
Coal Seam forms f l o o r of the mine and i s o v e r l a i n by 
i n c l i n e d beds of sandstone which d i p towards the 
southwest. At two-thirds the height o f the hi g h w a l l 
i s a dark l e n c t i c u l a r bed (arrowed) of c o a l i f i e d 
fragments concentrated w i t h i n a sandstone host rock. 
Note discordant lower contact of t h i s bed w i t h under­
l y i n g s t r a t a towards i t s r i g h t margin. See a l s o 
Figure 47- Car provides an anchor f o r s e c t i o n logging 
up f i x e d rope. 



FIGURE hj: Close-up view of the dark', carbonized-fragment r i c h 

sandstone bed i l l u s t r a t e d in Figure 46, Howick east 

w a l l , Section S5B. Note l e n t i c u l a r shape of the bed 

and i n t e r n a l lamination defined by small t a b u l a r 

o r p l a t e y carbonized p l a n t fragments. 



FIGURE 48: Rose diagram of the long-axis o r i e n t a t i o n o f f l a t -
l y i n g f o s s i l logs at Howick Open Cut. A l l measurements 
were from w i t h i n a 3 m - i n t e r v a l above the main L i d d e l l 
Coal Seam. Sample number = 39; c l a s s i n t e r v a l = 35°-
The average long-axis o r i e n t a t i o n o f the f o s s i l logs i s 
approximately 150° - 330° which i s n e a r l y 90° to the 
average dip-azimuth of the master crossbeds at the Howick 
Open Cut ( i n d i c a t e d by the dashed l i n e w i t h arrow). 
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measured trends of several decimetre-scale trough cross 

laminations ( F i g s . k3 and 50). I t would seem that there i s 

very d e f i n i t e l y a r e l a t i o n s h i p between the l o n g - a x i s 

o r i e n t a t i o n of f l a t - l y i n g f o s s i l l o g s , the trend of sedimentary 

s t r u c t u r e s (discussed l a t e r ) and the d i r e c t i o n of i n c l i n a t i o n 

o f the large s c a l e c r o s s - s t r a t a . In Foybrook-S.E. Open Cut 

and Foybrook-Main Open Cut (South) the average o r i e n t a t i o n 

o f the f l a t - l y i n g logs i s a l i g n e d approximately p a r a l l e l t o 

the average dip-azimuth of the i n c l i n e d s t r a t a . At Howick 

Open Cut the average long-axis o r i e n t a t i o n o f the f l a t - l y i n g 

f o s s i l logs (150° - 330 ) i s approximately p e r p e n d i c u l a r t o 

the average dip-azimuth of the i n c l i n e d s t r a t a ( 2 3 2° ) . 

(e) Palaeocurrent Trends as Evidenced by Small S c a l e 
Sedimentary S t r u c t u r e s W i t h i n the Master Crossbeds 

Because the master crossbeds are exposed predomin­

a n t l y in v e r t i c a l s e c t i o n , plan-view exposures of sedimentary 

s t r u c t u r e s developed w i t h i n these beds are rare o r o f very 

l i m i t e d e x t e n t . The primary sedimentary s t r u c t u r e s that occur 

w i t h i n the i n c l i n e d master beds and r e l i a b l y i n d i c a t e l o c a l 

bottom current flow d i r e c t i o n s are r e s t r i c t e d mainly t o 

abundant t r a c t ion-induced features such as cross l a m i n a t i o n of 

various kinds (Table 5 ) . Where plan view o r three-dimensional 

exposures of these mostly c e n t i m e t r e - s c a l e cross laminated 

s t r u c t u r e s were encountered, the flow d i r e c t i o n could be 

i n f e r r e d and a c c u r a t e l y measured ( F i g s . hS and 50). Elsewhere, 

where only two-dimensional v e r t i c a l exposure was a v a i l a b l e , 

the sense of flow could s t i l l be c o n f i d e n t l y i n f e r r e d . In 



FIGURE 49: Compass diagram of f o s s i l log l o n g - a x i s o r i e n t a t i o n 
and trough cross lamination o r i e n t a t i o n i n Foybrook-
S.E. (east w a l l ) . The average trend of both these 
d i r e c t i o n s l i e s approximately p a r a l l e l to the average 
dip-azimuth of the i n c l i n e d s t r a t a at t h i s l o c a l i t y , 
i . e . , 15/346, i n d i c a t e d by dashed l i n e w i t h arrow). 
Trough cross lamination data r e f e r to trough a x i s 
o r i e n t a t i o n measured towards the d i r e c t i o n to which 
the cross laminae d i p . Logs (unbroken l i n e s without 
arrows) = 2. Trough cross laminae (unbroken l i n e s 
w i t h arrows) = 8. The f o s s i l logs and trough cross 
laminae were found throughout the crossbed set l y i n g 
g e n e r a l l y along the bedding planes of the master beds. 
They were not found in a p a r t i c u l a r area o r part of 
the crossbed set as at Howick (see F i g . 43). 



FJGURE 50: Compass diagram of f o s s i l log l o n g - a x i s o r i e n t a t i o n 
(unbroken l i n e s without arrows) and trends o f trough 
cross laminations (unbroken l i n e s w i t h a r r o w s ) . The 
average trend of both these d i r e c t i o n s l i e s almost 
p a r a l l e l to the dip-azimuth of the i n c l i n e d s t r a t a 
at Foybrook-Main Open Cut. The azimuth o f the dip i s 
the average of the azimuth of Foybrook-Main (North and 
South) and i s towards 00h° ( i n d i c a t e d by broken l i n e 
w i t h arrow). The data on the cross l a m i n a t i o n r e f e r s 
to dip-azimuth of the cross laminae; hence w i t h respect 
to the i n c l i n a t i o n of the master crossbeds the d i r e c t i o n 
of t r a v e l i n d i c a t e d by the cross laminae i s down-dip. 
The f o s s i l logs (6) and the trough cross l a m i n a t i o n s (3) 
were found throughout the crossbed set l y i n g g e n e r a l l y 
along the bedding planes of the master beds. 
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these cases the direction of flow observed in the v e r t i c a l 

section was referred to the direction of i n c l i n a t i o n of the 

parent or master crossbeds and hence recorded as up-dip 

down-dip, or obiique-to-dip r e l a t i v e to t h i s framework (Table 

5). This information is represented in each of the Sections 

logged in the open cuts. The majority of the minor t r a c t i o n -

induced sedimentary structures are found to indicate a travel 

direction down or oblique to the parent s t r a t a , but there 

are also numerous examples of up-dip ripple travel d i r e c t i o n 

(Figs. 33, 34, 40 and 41). 


