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Figure 51 summarizes, d i a g r a m a t i c a l l y , v e r t i c a l d i s t r i b u t i o n 

of the sedimentary s t r u c t u r e s , l i t h o l o g i c a l v a r i a t i o n , and f o s s i l s in 

the s t r a t i g r a p h i c i n t e r v a l studied in t h i s r e p o r t . The g e n e r a l i z e d 

s e c t i o n i s synthesized from data c o l l e c t e d from the various h i g h w a l l s 

of the open c u t s . 

It i s c l e a r that there are at l e a s t two areas of gross f a c i e s 

contrast ppesent w i t h i n the large s c a l e crossbed-set in the area over 

which the set i s exposed by the open cut mines: 

6.1 SOUTHERN AREA (HOWICK OPEN CUT AREA) 

At the Howick Open Cut the l i t h o l o g y of the i n c l i n e d s t r a t a 

i s homogenous (dominantly fine-to-mediurn sandstone, Table k, F i g . 51). 

The concentration of organic material i n t o d i s c r e t e l e n t i c u l a r bodies 

was observed only at t h i s open c u t . The presence of many ( i n most cases 

demonstrably in s i t u ) f o s s i l l o g s , upright with respect to the la r g e 

s c a l e crossbeds and the top surface of the main L i d d e l l Coal Seam, i s 

observed at Howick o n l y ; the presence of many f l a t - l y i n g f o s s i l logs 

w i t h i n the basal u n i t of the f i r s t 3 m of the l a r g e - s c a l e crossbeds 

above the main L i d d e l l Coal Seam i s observed only in t h i s a r e a . Small-

s c a l e coal f l e x u r e s and coal f i s h t a i l s ( R a i s t r i c k arc' M a r s h a l ! , 1333) 

were seen only at the upper bounding surface of the L i d d e l l Coal Seam 

and the o v e r l y i n g i n c l i n e d bedding s t r u c t u r e at the Howick Open Cut. The 

geometry of the i n c l i n e d s t r a t a d i f f e r s , t o o , from that developed e l s e ­

where in the area: the s t r a t a are dominantly s t r a i g h t w i t h s h o r t , 

f l e x e d upper and lower segments - asymptotic to the upper and lower 

bracketing s t r a t i g r a p h i c u n i t s , and the o v e r a l l angle of i n c l i n a t i o n of 

the s t r a t a i s s m a l l e r than that d i s p l a y e d in the other open cuts ( F i g s . 

24 and 25). 



fjGURE 51: Generalized s e c t i o n of 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 

i n t h i s r e p o r t . The v e r t i c a l arrows a~e keyed to each 

of the d i f f e r e n t open c u t s . The length of the v e r t i c a l 

arrow i n d i c a t e s the s t r a t i g r a p h i c d i s t r i b u t i o n of each 

of the features designated. 
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6.2 NORTHERN AREA (FOYBROOK) 

In the Foybrook Open Cuts the i n c l i n e d s t r a t a are e i t h e r 

sigmoidal (e.g., at Foybrook-Main Open Cut) or s t r a i g h t w i t h a l a r g e r 

development of the f l e x e d lower parts of the i n c l i n e d s t r a t a ( e.g., 

at Foybrook-S.E. and Foybrook-S.W. Open Cut s ) . The presence of 

c o a l i f i e d woody fragments in the pebbly sandstone u n i t above the A r t i e s 

Coal Seam and w i t h i n the medium sandstone of the g i a n t crossbeds i s 

seen only in the Foybrook-Main Open Cuts. The large s c a l e composite 

crossbedding developed in the lower part of the g i a n t crossbed set 

(F i g s . 28 and 29) i s r e s t r i c t e d to the Foybrook-Main Open Cuts. C a l ­

careous shales and s i l t s t o n e form d i s c r e t e and q u i t e l a t e r a l l y - e x t e n s i v e 

beds only in t h i s area. 

An a d d i t i o n a l feature d i s t i n c t to the Foybrook area i s the 

h e t e r o l i t h i c nature of the giant crossbeds. In c o n t r a s t to the rat h e r 

uniform sandstone l i t h o l o g y which c h a r a c t e r i z e s the crossbeds i n the 

area of the Howick Open Cut, in the Foybrook area the crossbeds comprise 

interbedded sandstone and mudrocks ( s i l t s t o n e and s h a l e s ) . 
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There are no I n d i c a t i o n s that the expectations of B r i t t e n ' s 

mobile d i f f e r e n t i a l compaction model ( o u t l i n e d in Chapter 3) accord 

with the f i e l d evidence gathered during the present s t u d y , v i z : -

(1) there i s no evidence f o r soft-sediment deformation 

save f o r very i s o l a t e d examples of s y n - d e p o s i t i o n a l d i s r u p t i o n 

developed on a-'scale of centimetres ( F i g . 39). D i s r u p t i o n to 

primary bedding s t r u c t u r e on a l a r g e r s c a l e i s everywhere 

absent i n c l u d i n g at the c o a l - s p l i t zone ( F i g . 8) i n the Foy­

brook-Main Open Cut (North) where, according to B r i t t e n ' s 

model, bedding should have undergone the l a r g e s t amounts o f 

d i s r u p t i o n and r o t a t i o n . Sedimentary i n j e c t i o n s t r u c t u r e s are 

absent except f o r small s c a l e coal f i s h - t a i l s and coal f l e x u r e s 

at the i n t e r f a c e of the L i d d e l l Coal Seam and the o v e r l y i n g 

sediments at Howick Open Cut. F a u l t i n g i s minimal, a f f e c t s 

the rocks in a b r i t t l e s t y l e and i s th e r e f o r e e v i d e n t l y post-

1 i t h i f i c a t i o n (Panorama P3a) and the only s t r u c t u r e s that 

could be mistaken f o r fo l d s are the composite large s c a l e 

i n t r a s e t bedding s t r u c t u r e s ( F i g s . 28 and 2 9 ) , developed i n 

the Foybrook-Main Open Cut (discussed e a r l i e r ) . 

(2) The regional f a c i e s change observed between the 

area of the Howick Open Cut and the Foybrook area ( d i s c u s s e d 

in the previous chapter) does not e x h i b i t the i n t e r p l a y of 

l i t h o l o g y and geometry that one might expect to be developed in 

a sedimentary complex of f l u v i a t i l e o r i g i n (e.g., a s s o c i a t i o n 

of c h a n n e l - l i k e sandstone bodies wi t h encompassing s h e e t - l i k e 

u n i t s of mudstone). Given the south-to-north l i t h o l o g i c a l 

gradation from sandstone (at Howick) to shale (at Foybrook-
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S.W., Foybrook-Box and Foybrook S.E. Open Cuts) to mixed 

sandstone/shale (at Foybrook-Main Open Cut) , the south-to-

north 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 f a c i e s change expected 

in a f l u v i a l environment that i s advancing to the north 

(as envisaged by B r i t t e n ' s model, see F i g . 15) i s not seen. 

(3) B r i t t e n ' s statement about the l a t e r a l v a r i a t i o n in 

bed thickness w i t h i n the f l u v i a t i l e c l a s t i c wedges ( i . e . 

systematic l a t e r a l decrease in bed thickness normal t o the 

axes of the c l a s t i c wedges; see F i g . 16) i s not s u b s t a n t i a t e d 

in the f i e l d . However such an i n t e r p r e t a t i o n could be seen 

to be derived from the sigmoidal shape of some of the sand­

stone and s i l t s t o n e large s c a l e crossbeds in the Foybrook-

Main Open Cut (discussed e a r l i e r in the s e c t i o n "Geometry of 

the 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 " . ) . 

(4) There i s no evidence of deformation in the L i d d e l l 

Coal Seam. The presence of t h i n undeformed l a t e r a l l y -

continuous " d i r t bands" (these are almost c e r t a i n l y v o l c a n i c 

ash layers - discussed in Chapter 10) throughout the v e r t i c a l 

extent of the L i d d e l l Coal Seam, does not i n d i c a t e wholesale 

geometrical r o t a t i o n or disturbance of t h i s s t r a t i g r a p h i c u n i t 

during i t s h i s t o r y of compaction as postul a t e d in B r i t t e n ' s 

mode 1. 

A primary d e p o s i t i o n a l o r i g i n f o r the i n c l i n e d bedding s t r u c t u r e 

might therefore seem to be more p l a u s i b l e , as already suggested by 

Booker and others (1953), Booker and McKenzie (1956), Tompkins (1961), 

Bunny (1967) and Rattigan and McKenzie ( i n Packham, 1969). Indeed, 
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c o n s i d e r a t i o n of the c h a r a c t e r i s t i c s of the set of i n c l i n e d s t r a t a 

suggests i t has much in common with the deposits of c l a s s i c a l d e l t a 

systems (Appendix 1, Table A1.1). 
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Modern deltas occur in diverse environmental s e t t i n g s and 

are conveniently c l a s s i f i e d on the basis of h y d r o l o g i c a l regimen: 

wave-dominated, tide-dominated, river-dominated marine environments 

and river-dominated c o n t i n e n t a l ( l a c u s t r i n e ) environments ( M i a l l , 1976; 

see F i g . 52). Consequently the deposits of modern d e l t a systems e x h i b i t 

great material v a r i a t i o n (Table 6) as w e l l as v a r i a t i o n in s c a l e . The 

deposits i n f e r r e d t o have been generated in ancient d e l t a i c systems 

are recognized by matching c h a r a c t e r i s t i c s (Table 7)-

With modern examples important d i s t i n c t i o n s e x i s t between the 

r e l a t i v e l y s m a l l e r s c a l e d e l t a s which prograde i n t o l a c u s t r i n e e n v i r o n ­

ments and most of the c l a s s i c large s c a l e d e l t a i c systems which prograde 

in t o the oceans and marginal seas (as, f o r example, the N i g e r , O r i n o c o , 

M i s s i s s i p p i , N i l e , Mekong, Rhine e t c . ) . There are two main d i f f e r e n c e s : 

(a) s c a l e 

(b) r e l a t i v e c o n t r a s t in density between i n f l o w i n g land-

derived water of delta-top streams and that o f the 

standing water body in which the d e l t a o c c u r s . 

(a) The s c a l e of the l a c u s t r i n e d e l t a i s r e l a t i v e l y 

s m a l l , p o s s i b l y having an areal extent of up to 1,000 sq kms; 

but the other d e l t a s commonly measure 1,000 - 10,000 sq . kms 

or even more. The s c a l e d i s t i n c t i o n c l e a r l y has important 

i m p l i c a t i o n s f o r studies of ancient d e l t a i c t e r r a i n s and has 

been emphasised by several workers in the recent l i t e r a t u r e . 

For example, F i s h e r and others (1969) s t a t e " H e r e i n , p r i n c i p a l l y 

large s c a l e d e l t a s which form as independent d e p o s i t i o n a l 

systems are considered; not considered are s m a l l e r d e l t a s 

commonly developed as parts of other l a r g e r d e p o s i t i o n a l systems 



FIGURE 52: C l a s s i f i c a t i o n of d e l t a types based on v a r i a t i o n 

in t r a n s p o r t a t i o n p a t t e r n s , (the h y d r o l o g i c a l 

regimen of the d e l t a , from M i a l l , 1976; p. 216). 



TABLE 6 : 

GROSS CHARACTERISTICS OF MODERN DELTAS, BASED LARGELY 

ON STUDIES OF LARGE SCALE EXAMPLES 

DELTA PLAIN FACIES (from A l l e n , 1965; Born, 1972) 

Sedimentary S t r u c t u r e s 

Palaeontology 

Li thology 

Geometry 

- even laminations l e s s than 1 cm t h i c k , c r o s s 

^ s t r a t i f i e d channel sands and poin t b a r s . 

- p l a n t shreds, b i o t u r b a t i o n , r o o t l e t s in s i t u 

root m o t t l i n g , various types of fauna. 

- f i n e sands to very coarse channel and poin t 

bar d e p o s i t s , very f i n e sand and s i l t i n 

backswamps - marsh and p l a i n d e p o s i t s . 

sheet o r i n t r i c a t e network of anastomosing 
ribbons. 

DELTA FRONT FACIES (from F i s h e r and o t h e r s , 1969; Coleman and o t h e r s , 

1964; A l l e n , 1965 and Born, 1972) 

Sedimentary Structures 

Palaeontology 

L i t h o l o g y 

Geometry 

- m u l t i d i r e c t i o n a l trough cross l a m i n a t i o n s , 
wave or current r i p p l e s may be found. 

t h i n laminations of plant m a t e r i a l , wood 

fragments. 

coarse sediments 75% or more i s sand s i z e , 
c l a y s and organics are rare except i n the 
form of occasional c l a s t s and macerated 
m a t e r i a l , r e s p e c t i v e l y . 

- sheet, wedge 10 - 20 m t h i c k . 

PRO-DELTA FACIES (from F i s h e r and o t h e r s , 1969) 

Sedimentary Structures 

Palaeontology 

Li thology 

Geometry 

p a r a l l e l to l e n t i c u l a r laminations are common; 
some cross laminations and current r i p p l e s 
o c c u r . 

f i n e l y d i v i d e d plant p a r t i c l e s some burrowing 
act i v i t y . 

s i l t y to very f i n e sand, c l a y 

' g e n t l y s l o p i n g i n t o basin of d e p o s i t i o n 
sheet. 



TABLE 7; 

GROSS CHARACTERISTICS OF INFERRED ANCIENT DELTAIC DEPOSITS 

DELTA-PLAIN FACIES - (Defined by C o t t e r , 1975 but based on data i n 

D o t t , 1966; C o t t e r , 1975; T a y l o r , 1963; 
Greensmith, 1965; Laury, 1968 and Born, 1972) 

This f a c i e s i s the most v a r i e d of the t h r e e , i t may be s u b a e r i a l 
or subaqueous and with i n * t h i s d i v i s i o n there may be such deposits as 
d e l t a p l a i n , marsh, d i s t r i b u t i n g channel, levee bank o r crevasse s p l a y 
d e p o s i t s . Consequently the gross c h a r a c t e r i s t i c s of t h i s f a c i e s may 
be very complex and one st u d i e d example w i l l merely represent the 
development of one c e r t a i n type of subenvironment. Nonetheless the 
gross c h a r a c t e r i s t i c s of some d e l t a p l a i n f a c i e s are presented under 
the subenvironment headings. 

D i s t r i b u t a r y Channels 

Sedimentary S t r u c t u r e s scour and f i l l , c ontorted s t r a t a , medium to 
small s c a l e cross s t r a t i f i c a t i o n , load and 
c l a s t i c i n t r u s i o n s t r u c t u r e s . 

Palaeontology abundant plant m a t e r i a l allochthonous and 

autochthonous. 

Li thology 

Geometry 

coarse sandstone f i n e conglomerate f i n i n g 
upward i n t o s i l t s t o n e . 

t h i c k l e n t i c u l a r beds v e r t i c a l and l a t e r a l 
bedding c h a r a c t e r i s t i c s depending on whether 
deposit was point bar or abandoned channel. 

I n t e r - D i s t r i b u t a r y Lagoons, T i d a l F l a t s , Swamps and Marsh 

f i n e l y cross laminated sands, r i p p l e marks, 

minor contorted s t r a t a i r r e g u l a r lime 

s i d e r i t i c or iron nodules and c o n c r e t i o n s . 

Sedimentary Structures 

Palaeontology 

Li thology 

burrowing organisms and 

or f i n e sediment f i l l e d 

g a n i s t e r s . 

s t r u c t u r e s , carbon 
root c a s t s , f i r e c l a y , 

carbonaceous mudstone, f i n e sandstone, s i l t ­
stone. 

Geometry sheet or r i b b o n - l i k e geometry o v e r l y i n g d e l t a 

f r o n t f a c i e s . 



- 104 -

TABLE 7 (Continued): 

DELTA FRONT FACIES - (Defined by C o t t e r , 1975; but includes data i n 

C o t t e r , 1975; Mi al1 1976; T a y l o r , 1963; Green-

s m i t h , 1965 and Born, 1972) 

Sedimentary St r u c t u r e s - dominantly trough cross l a m i n a t i o n , o t h e r 

s t r u c t u r e s may include r i p p l e l a m i n a t i o n s , 

r i p p l e d r i f t cross lamination and some 

medium s c a l e crossbedding. 

Palaeontology and 

Palaeocurrents 

Lithology 

comminuted plant m a t e r i a l , rare b i o l o g i c a l 
a c t i v i t y ; r i p p l e trends can be d i r e c t l y 
r e l a t e d to the d i r e c t i o n of f o r e s e t s : the 
dominant r i p p l e trend i s very s i m i l a r i n 
o r i e n t a t i o n to the dominant f o r e s e t dip 
d i r e c t i o n (Greensmith, 1965). 

dominantly sandstone w i t h some, o c c a s i o n a l 
interbeds of s i l t s t o n e ; the cross v e r t i c a l 
change from p r o - d e l t a f a c i e s i s an increase 
in g rain s i z e of sand and increase i n bed 
th i ckness. 

Geometry - s h e e t l i k e t h i c k development of f a c i e s (one 
example 12 m); sandstones l e n t i c u l a r l y 
bedded 1.3 m to 2.4 m t h i c k which wedge i n 
and out over c e r t a i n l a t e r a l d i s t a n c e s . 

PRO-DELTA FACIES (Defined by C o t t e r , 1975; but includes data i n M i a l l , 
1976; T a y l o r , 1963 and Born, 1972) 

Sedimentary St r u c t u r e s - even p a r a l l e l l a m i n a t i o n s , r i p p l e laminations 

r i p p l e d r i f t cross l a m i n a t i o n . 

Palaeontology and - comminuted plant d e b r i s , strong unimodal p a t t e r n . 
Palaeocurrents 

Li thology 

Geometry 

f i n e sandstone s i l t s t o n e and s h a l e . 

t a b u l a r sheet 1.5 m to 3 m t h i c k , in dep o s i t s 

that are o v e r l a i n by s t e e p l y i n c l i n e d beds, 

the p r o - d e l t a beds sometimes form the toes e t s 

( C o t t e r , 1975). 
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(e.g. l a g o o n a l , bayhead and t i d a l d e l t a s , l a c u s t r i n e G i l b e r t -

type d e l t a s and submarine canyon d e l t a s or f a n s ) . " More 

r e c e n t l y , Busch ( i n Le B l a n c , 1975) pointed out that " G i l b e r t ' s 

t r i p a r t i t e s u b d i v i s i o n of d e l t a i c sediments ( t o p s e t , f o r e s e t 

and bottomset) was a r e s u l t of d e p o s i t i o n in q u i e t bodies of 

water ( l a k e s ) ; and he recognized that t h i s type o f d e l t a 

s t r u c t u r e was not c h a r a c t e r i s t i c of d e l t a s developed i n marine 

envi ronments." 

(b) L a c u s t r i n e d e l t a s are u s u a l l y freshwater ( d i s r e g a r d ­

ing h y p e r s a l i n e l a k e s ) , and t h e r e f o r e lack water-density 

c o n t r a s t s between the i n f l o w i n g and standing body of w a t e r , 

the l a r g e r d e l t a i c systems prograde i n t o a marine environment 

and are therefore c h a r a c t e r i z e d by c o n t r a s t s in water d e n s i t y . 

Studies in modern de l t a s show that t h i s r e l a t i v e c o n t r a s t i n 

water density exerts an important i n f l u e n c e on the d i s t a n c e s 

that sediment i s transported beyond the d e l t a - t o p margin and 

t h i s , in t u r n , together with sediment g r a i n s i z e and p r o - d e l t a 

water depth, determines the areal development (width) and s l o p e 

gradient of the d e l t a - f r o n t zone. 

The r e l a t i v e width and surface r e l i e f (height and 

slope-gradient) of the d e l t a - f r o n t zone can be expected, i n 

t u r n , to i n f l u e n c e the i n t e r n a l s t r u c t u r e of the d e l t a sediment 

p i l e as r e f l e c t e d p a r t i c u l a r l y in the presence of large s c a l e 

f o r e s e t beds merging r e s p e c t i v e l y upwards and downwards w i t h 

less s t e e p l y i n c l i n e d deposits of the topsets and bottomsets. 

In most l a r g e r s c a l e marine d e l t a s e t t i n g s , the r e l a t i v e l y high-

density contrast between the s a l i n e standing water and incoming 
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f r e s h water leads to e p i t h a l a s s i s ( f l o t a t i o n of sediment-

laden f r e s h water atop the more dense marine water) and 

t h e r e f o r e to wide s h a l l o w l y - i n c l i n e d d e l t a f r o n t zones of 

f i n e grained sediment. It t h e r e f o r e f o l l o w s , together w i t h 

the r e g i o n a l - s c a l e dimensions of these large marine d e l t a s , 

that the topset/foreset/bottomset i n t e r n a l geometry that 

might be generated would not be s u f f i c i e n t l y d i s t i n c t i v e to 

be evident i n any s i n g l e large s c a l e v e r t i c a l exposure. 

In r e l a t i v e l y small s c a l e l a c u s t r i n e d e l t a s the 

water-density contrast i s u s u a l l y small and mean g r a i n s i z e 

fed into the d e l t a i s commonly rather high because of l o c a l l y 

steep stream gradients and common proximity of high r e l i e f 

t e r r a i n . These circumstances (together w i t h the r e l a t i v e l y 

shallow water depths) lead to rapid mixing of the stream 

water w i t h the lake water and to r a p i d sediment dumping at 

the edge of the d e l t a - t o p . T h i s , in t u r n , leads to 

r e l a t i v e l y narrow steep d e l t a f r o n t zones w i t h high slope 

angles that approach the repose angles of the c o n s t i t u e n t 

sediment (Bates, 1953; C a r r i g y , 1970; F i g . 53). Such d e l t a 

deposits are c h a r a c t e r i z e d by the presence of r e l a t i v e l y 

steep c o a r s e - t o - f i n e grained f o r e s e t s merging upward and down 

ward r e s p e c t i v e l y w i t h less s t e e p l y - i n c l i n e d f i n e - g r a i n e d 

toesets and commonly coarser grained f l a t - l y i n g t o p s e c s . Thi 

t r i p a r t i t e s t r u c t u r e of the s m a l l e r s c a l e d e l t a s was f i r s t 

recognized by G.K. G i l b e r t (1885, 1890; F i g s . 5*» and 55) and 

documented w i t h c l a s s i c a l examples from P l e i s t o c e n e Lake 

B o n n e v i l l e , Utah - ancestor to the modern Great S a l t Lake ( F i 

56). This type of r e l a t i v e l y small s c a l e d e l t a has s i n c e 



Plan view Axial Cross-section 

GILBERT-TYPE DELTA 
Homopycnal Inflow 

FIGURE S3'. Schematic diagram of homopycnal i n f l o w i n t o a 
basin and the subsequent d e l t a i c d e p o s i t . 
"Homopycnal in f l o w can best take place where a 
r i v e r flows i n t o a well mixed lake having a water 
temperature about the same as that of the r i v e r 
... Under such conditions three dimensional 
mixing permits d e p o s i t i o n to take place immediately 
o f f each stream moth" (Bates, 1953; pp. 2131-
2132; the Figure comes from the same paper, 
p. 2124). 



FIGURE 5k: Hypothetical s e c t i o n of d e l t a based on f i e l d 
observations during the study of the Logan 
D e l t a , Utah. The se c t i o n shows c l e a r l y the 
t r i p a r t i t e geometry of the i n c l i n e d s t r a t a 
forming the t o p s e t s , the f o r e s e t s and the 
bottom-sets (from G i l b e r t , 1890, p. 6 8 ) . 



FIGURE 55: Hypothetical v e r t i c a l s e c t i o n in a d e l t a showing 
the t y p i c a l succession of s t r a t a . The topmost 
sub-horizontal s t r a t a are termed the t o p s e t s , 
the s t e e p l y i n c l i n e d s t r a t a are termed the f o r e s e t s 
and the bottom-most sub-horizontal s t r a t a are 
termed the t o e s e t s . (From G i l b e r t , 1890, p. 70) . 



PROVO DELTA 

FIGURE 56: P a r t i a l s e c t i o n of deltas at Logan, Utah; f i g u r e d 
i n G i l b e r t (1890). The v e r t i c a l s c a l e i s g r e a t e r 
than the h o r i z o n t a l s c a l e . 
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become known as "the G i l b e r t - t y p e " d e l t a . In d e s c r i b i n g the 

Lake B o n n e v i l l e r e l i c d e l t a s G i l b e r t elaborated upon the 

sedimentary mechanics that could be r e l i a b l y r e c o n s t r u c t e d 

from these examples and st r e s s e d the f a c t that the d e l t a 

must have grown outwards i n t o q u i e t bodies of standing water 

because r e d i s t r i b u t i o n of the sediment dumped by the d e l t a -

top d i s t r i b u t a r y streams was e v i d e n t l y not reworked by the 

lake waters subsequent to i t s d e p o s i t i o n . 

s i d e r e d to be c l a s s i c a l g e o l o g i c a l studies of d e l t a i c d e p o s i t s and 

sedimentation. His work centred around P l e i s t o c e n e Lake B o n n e v i l l e , 

Utah, U.S.A. and i t i s in t h i s area that he documented f o r the f i r s t time 

d e l t a i c deposits in the v e r t i c a l and l a t e r a l a s p e c t s . His study showed 

that when c l a s t i c d e t r i t u s had reached the lake margin, d e p o s i t i o n o f 

that d e t r i t u s occurred in several d i s t i n c t i v e morphological and s p a t i a l 

p a t t e r n s : 

8.1 THE GILBERT-TYPE DELTA 

G.K. G i l b e r t ' s reports (1885, 1890) are new con-

(1) The heavier and coarser load i s deposited i n t o 

the l a k e , and s l i d e s down the face of the d e l t a under i t s 

own weight. 

(2) The slope of the d e l t a face r e f l e c t s the angle of 

repose of the coarse ma t e r i a l - subject to m o d i f i c a t i o n by 

waves generated by winds. 

(3) The f i n e r material i s c a r r i e d f u r t h e r out beyond 

the d e l t a f a c e . The thickness of t h i s deposit of f i n e r 
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m a t e r i a l i s greater near the d e l t a and diminishes g r a d u a l l y 

outward d i s t a l to the d e l t a system. 

G i l b e r t describes the d e l t a i c s t r u c t u r e that he saw: "As 

the d e l t a i s b u i l t lakeward, the steeply i n c l i n e d l a y e r s of the d e l t a 

face are superimposed over the more l e v e l s t r a t a of the lake bottom 

and, in turn come to support the gently i n c l i n e d layers of the d e l t a 

p l a i n , so that any v e r t i c a l s e c t i o n of a normal d e l t a e x h i b i t s at the 

top a zone of coarse m a t e r i a l , the laminations o f which i n c l i n e at a 

high angle, and at bottom a zone of f i n e m a t e r i a l , the laminations of 

which are gently i n c l i n e d and u n i t e by curves w i t h those of the middle 

zone [ F i g . 56]. 

The characters of a f o s s i l d e l t a or the d e l t a as i t e x i s t s 

a f t e r the d e s s i c a t i o n o f the lake concerned in i t s f o r m a t i o n , are as 

f o l l o w s : the upper surface is a t e r r a c e w i t h the form of an a l l u v i a l 

f a n . The lower slope or face i s steep, ranging from 10° to 2 5° ; i t 

j o i n s the upper slope by an angle and the p l a i n below by a g e n t l e curve 

... The s t r u c t u r e as seen in s e c t i o n i s t r i p a r t i t e . In the upper 

d i v i s i o n the l i n e s of d e p o s i t i o n are p a r a l l e l to the upper s u r f a c e of 

the d e l t a ; i n the middle d i v i s i o n they are p a r a l l e l to the steeper o u t e r 

f a c e , and in the lower d i v i s i o n they are gently i n c l i n e d . The s e p a r a t i o n 

of the middle d i v i s i o n from the lower i s obscure. Its s e p a r a t i o n from 

the upper i s d e f i n i t e and c o n s t i t u t e s a h o r i z o n t a l plane." G i l b e r t ( i n 

Axelsson, 1967, p. 36; F i g s . 54 and 55). 



C H A P T E R 9 

INTERPRETATION OF THE INCLINED STRATA AS DEPOSITS 

OF A GILBERT-TYPE DELTA 
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9.1 CRITERIA FOR RECOGNITION OF GILBERT-TYPE 
DELTA DEPOSITS 

Having looked at the G i l b e r t - t y p e d e l t a s p e c i f i c a l l y as a 

p o s s i b l e environmental analogue f o r the formation o f the large s c a l e 

i n c l i n e d beds st u d i e d in t h i s r e p o r t , i t i s important that the c r i t e r i a 

regarded as d i a g n o s t i c of the deposits of G i l b e r t - t y p e d e l t a s are 

emphasized. A survey of known and i n f e r r e d examples of G i l b e r t - t y p e 

d e l t a s (Appendix 1, Table A1.1) suggests the f o l l o w i n g c r i t e r i a to be 

important: 

(1) Grouping in v e r t i c a l s e c t i o n of the large s c a l e 

i n c l i n e d beds i s commonly s o l i t a r y . 

(2) The s e t thickness of the crossbeds i s predominantly 

very large s c a l e - averaging about 20 m but w i t h a range of 

1.5 m to kO m in the various s t u d i e s . 

(3) The gross three-dimensional geometry of the large 

s c a l e c r o s s - s t r a t i f i e d set i s s h e e t - l i k e . 

(4) The gross c o n f i g u r a t i o n of the lower bounding 

surface of the large s c a l e crossbed set i s pianar suggesting 

no s i g n i f i c a n t erosion o r scour at t h i s i n t e r f a c e . 

(5) The gross r e l a t i o n s h i p between the lower bounding 

surface of the crossbed set and s t r a t i f i c a t i o n in the underlying 

sediment i s sharply defined and g r o s s l y concordant w i t h t h i s 

s t r a t i f i c a t i o n suggesting no s i g n i f i c a n t e r o s i o n at t h i s c o n t a c t . 

(6) The contact r e l a t i o n s h i p between the large s c a l e 

c r o s s - s t r a t a and the lower bounding surface of the set (as seen 
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in d i p - s e c t i o n ) i s asymptotic and depending on the degree 

of a s y m p t o t i c i t y i t may be g r o s s l y concordant or g r o s s l y 

d i s c o r d a n t . 

(7) The gross c o n f i g u r a t i o n of the upper bounding 

surface of the set is p l a n a r . 

(8) The contact r e l a t i o n s h i p between the c r o s s - s t r a t a 

and the upper bounding surface i s g e n e r a l l y d i s c o r d a n t . 

(9) The gross c o n f i g u r a t i o n of the c r o s s - s t r a t a in 

v e r t i c a l s e c t i o n ( p a r a l l e l to dip) ranges from s t r a i g h t w i t h 

f l e x e d concave-up toesets to dominantly c u r v i - l i n e a r concave-

up. 

(10) The angle o f i n c l i n a t i o n of the large s c a l e cross-

s t r a t a ranges predominantly between 15° to 25° and shows a 

d i r e c t r e l a t i o n s h i p with mean g r a i n s i z e . 

(11) The gross c o n f i g u r a t i o n of the c r o s s - s t r a t a t r a c e s 

i n plan-view (whether continuous or d i s c o n t i n u o u s , r e g u l a r o r 

i r r e g u l a r ) i s g e n e r a l l y convex towards the d i r e c t i o n of f o r e s e t 

d i p . 

(12) The degree of l i t h o l o g i c a l u n i f o r m i t y o f cr o s s -

s t r a t a i s q u i t e v a r i e d - some sets in c e r t a i n s t u d i e s are 

homogenous whereas sets in other s t u d i e s are heterogenous. 

(13) The sedimentary s t r u c t u r e s w i t h i n the large s c a l e 

c r o s s - s t r a t a are var i e d but predominant types are: p a r a l l e l 

l aminations; subordinate amounts of trough- and p l a n a r cross 
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la m i n a t i o n ; r i p p l e - d r i f t cross-1 ami nat i o n as w e l l as 

occasional decimetre-scale trough-shaped i n t r a s e t s whose 

trough axes i n d i c a t e currents predominantly down-dip or 

o b i i q u e - t o - d i p r e l a t i v e to the f o r e s e t f a c e . 

(14) F o s s i l s are ge n e r a l l y freshwater: abundant comm­

inuted t e r r e s t r i a l l e a v e s , and various freshwater organisms. 

9.2 INTERPRETATION OF THE LARGE SCALE INCLINED STRATA OF 

THE STUDY AREA AS DEPOSITS OF A GILBERT-TYPE DELTA 

If the c r i t e r i a f o r the r e c o g n i t i o n of G i l b e r t - t y p e d e l t a s 

and the unusual features of the large s c a l e i n c l i n e d beds of the 

Foybrook-Liddel1-Howick area are compared, the large s c a l e crossbed-set 

i s seen to e x h i b i t a l l the above features regarded as c o n s i s t e n t w i t h a 

primary d e l t a i c o r i g i n . 

(1) The large s c a l e crossbed-set i s s o l i t a r y . 

(2) The s c a l e of crossbed-set ranges between 35 m and 

48 m. 

(3) The three-dimensional regional geometry o f the 

crossbed-set ( i t s e x t e r n a l form) i s e s s e n t i a l l y s h e e t - l i k e . 

(4) The gross c o n f i g u r a t i o n of the lower bounding s u r f a c e 

of the crossbed-set is planar and sharply d e f i n e d . 

(5) The gross r e l a t i o n s h i p between the lov/er bounding 

surface of the crossbed-set and s t r a t i f i c a t i o n in the un d e r l y i n g 

sediment i s g r o s s l y asymptotic to concordant. 

(6) The contact r e l a t i o n s h i p between the c r o s s - s t r a t a and 
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the lower bounding surface of the i n c l i n e d bedding s t r u c t u r e 

(as seen i n di p - s e c t i o n ) i s asymptotic and concordant. 

(7) The gross c o n f i g u r a t i o n of upper bounding s u r f a c e 

of the i n c l i n e d bedding s t r u c t u r e i s p l a n a r . 

(8) The contact r e l a t i o n s h i p between the i n c l i n e d 

bedding s t r u c t u r e and the upper bounding surface i s concordant. 

(9) The gross c o n f i g u r a t i o n of the i n c l i n e d s t r a t a 

w i t h i n the bedding s t r u c t u r e p a r a l l e l to dip i s : c u r v i - l i n e a r 

concave-up, s t r a i g h t w i t h f l e x e d concave-up bottom p o r t i o n s 

and sigmoidal or S-shaped. 

(10) The angle of i n c l i n a t i o n of the s t r a t a ranges 

between 6° to hk° but the average i s around 2 0° . 

(11) The gross c o n f i g u r a t i o n of the i n c l i n e d bedding 

s t r u c t u r e i s l o c a l l y i r r e g u l a r but g e n e r a l l y convex in 

di r e c t i on o f d i p . 

(12) The degree of l i t h o l o g i c a l u n i f o r m i t y of the i n c l i n e d 

bedding s t r u c t u r e v a r i e s ; at Howick Open Cut i t i s homogenous, 

whereas at the Foybrook area i t i s heterogenous. 

(13) There are abundant wavy and p a r a l l e l l a m i n a t i o n s , 

in a d d i t i o n there are a l s o common centimetre and decimetre 

s c a l e cross l a m i n a t i o n s , trough cross laminations and l e s s 

common r i p p l e d r i f t cross laminations w i t h i n the i n c l i n e d 

s t r a t a . There are a l s o second-order large s c a l e cross s t r a t a 

as i n t r a s e t s 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 ( F i g s . 
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28 and 2 9 ) . 

(14) The dominant type of f o s s i l i s non-marine p l a n t 

m a t e r i a l : comminuted, plant fragments, stems, trunks and 

f l a t - l y i n g and in s i t u l o g s . 

In a d d i t i o n to the very close agreement between the f e a t u r e s 

of the large s c a l e crossbeds (the term "crossbeds" now i m p l i c i t l y i m p l i e s 

a primary d e p o s i t i o n a l o r i g i n ) and the d i a g n o s t i c c h a r a c t e r i s t i c s o f 

G i l b e r t - t y p e d e l t a d e p o s i t s , most of the inherent p r e d i c t i o n s to f o l l o w 

on from t h i s primary d e p o s i t i o n a l model, that were proposed i n Chapter 

3, are f u l f i l l e d - in c o n t r a s t to the p r e d i c t i o n s that might be expected 

to a r i s e from the mobile d i f f e r e n t i a l compaction model. 

(1) There i s a systematic and 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) The petrographic a n a l y s i s of coal samples was 

i n c o n c l u s i v e - a f u r t h e r very d e t a i l e d study concentrated immed­

i a t e l y at the coal seam-split at Foybrcck-Matn (North) may 

produce b e t t e r r e s u l t s . 

(3) Geopetal evidence demonstrating that bedding i s 

primary was found: 

(a) i n s i t u tree stumps that projected upwards from the 

underlying s i l t s t o n e unit i n t o the crossbeds did 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 

of the crossbed s e t . 

(b) there i s a systematic r e l a t i o n s h i p between bulk 
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l i t h o l o g y and angle of repose (divergence) of the crossbeds 

( F i g s . 26 and 27). 

The s i g n i f i c a n c e of the r e l a t i o n s h i p that e x i s t s between the 

palaeocurrent i n d i c a t o r s ( i . e . , the small s c a l e t r a c t i o n s t r u c t u r e s ) 

and the i n c l i n a t i o n of the master crossbeds ( F i g s . 49 and 50) i s r e a d i l y 

apparent when one examines the types of water currents that may be 

generated i n a d e l t a i c complex. Such st u d i e s have been c a r r i e d out by 

Nevin and T r a i n e r , 1927; J o p l i n g , 1963, 1964, 1965; C o l l i n s o n , 1968 

and Church and G i l b e r t , 1975. The primary current i n a d e l t a complex 

i s the
 1
j e t t i n g - f l o w ' which deposits the bulk o f the sediment i n the 

form of large s c a l e f o r e s e t s over the margin of the d e l t a - t o p f a c i e s . 

In a d d i t i o n to
 1
j e t t i n g - f 1 o w

1
 there are secondary eddy c i r c u l a t i o n s 

whose axes may be in a v e r t i c a l or h o r i z o n t a l o r i e n t a t i o n (see F i g . 57). 

The secondary eddy c i r c u l a t i o n s a r e , in e f f e c t , the i n t e r f e r e n c e patterns 

which a r i s e as a r e s u l t of the ' j e t t i n g - f l o w ' e n t e r i n g the standing 

body of water. The decimetre and centimetre s c a l e t r a c t i o n s t r u c t u r e s 

(see Table 5) can be explained as a r e s u l t of an i n t e r p l a y between the 

' j e t t i n g f low' and the standing body of water. These secondary 

c i r c u l a t i o n eddies that e x i s t in the d e l t a - f r o n t zone rework, to a c e r t a i n 

e x t e n t , the deposits of the large s c a l e crossbeds; t h i s a c t i v i t y i s 

recorded as small s c a l e t r a c t i o n s t r u c t u r e s which trend up-dip, down-

d i p , and o b i i q u e - t o - d i p w i t h respect to the l a r g e - s c a l e crossbeds 

themselves. The o r i e n t a t i o n with respect to the dip-azimuth of the 

la r g e - s c a l e crossbeds of the f l a t - l y i n g f o s s i l logs has as s i m i l a r a 

s i g n i f i c a n c e as the o r i e n t a t i o n of the t r a c t i o n s t r u c t u r e s w i t h respect 

to the crossbed. The dominantly perpendicular o r i e n t a t i o n o f the long-

a x i s of f o s s i l logs at Howick Open Cut and the approximately p a r a l l e l 



FIGURE 57' Schematic diagrams of the separation v o r t i c e s of 

eddies which may be developed in f r o n t of a channel 
flowing i n t o a body of standing water when the 
density contrast between the i n f l o w i n g water and 
the b a s i n a l water i s very low. A. shows in plan 
view, eddies w i t h v e r t i c a l axes on e i t h e r s i d e o f 
the mouth. B. shows the v e r t i c a l s e c t i o n of eddies 
w i t h h o r i z o n t a l axes w i t h the locus of zero v e l o c i t y 
impinging high on the s l o p e . For a given d e n s i t y 
r e l a t i o n s h i p , high i n f l u x v e l o c i t y and low b a s i n a l 
water depth w i l l tend to favour the development of 
the s i t u a t i o n in C. C o l l i n s o n (1968) does not g i v e 
any q u a n t i t a t i v e f i g u r e s f o r the phrase 'low b a s i n a l 
water'. (Figure 57 i s from C o l l i n s o n , 1968, p. 2^9. 
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o r i e n t a t i o n of the long-axis of f o s s i l logs at the Foybrook area (see 

F i g s . 48, 49 and 50) can be explained by the dominance of d i f f e r e n t 

types of eddy c e l l s that e x i s t e d in the d e l t a - f r o n t zone at the time 

of d e p o s i t i o n of the f o s s i l l o g s . 

Despite the lack of evidence f o r the presence o f d i f f e r e n t 

coal f a c i e s on the d e l t a - f r o n t s l o p e , as p r e d i c t e d in Chapter 3, the 

s i m i l a r i t y of the i n t e r n a l geometry of the Lower A r t i e s Coal Seam (as 

defined by d i r t bands; see F i g . 8) to the i n t e r n a l geometry of the 

large s c a l e crossbeds of inorganic m a t e r i a l , in d i p - s e c t i o n , tends to 

suggest that the genesis o f the two types of deposits ( i . e . the 

inorganice and the organic) i s very s i m i l a r . 

I f there was any mobile d i f f e r e n t i a l compaction o f the under­

l y i n g coal seam and the o v e r l y i n g crossbed set then one would expect 

that the upright f o s s i l t r e e stumps w i t h i n the crossbed set t o have 

undergone the same angle of r o t a t i o n as the crossbeds themselves. The 

f a c t that one f i n d s tree stumps v e r t i c a l w i t h respect to the crossbeds 

and the upper bounding surface of the underlying coal seam tends to 

suggest that there has been no secondary r o t a t i o n o r d i f f e r e n t i a l com­

paction of the en c l o s i n g s t r a t a and that the large s c a l e i n c l i n e d s t r a t a 

are indeed primary d e p o s i t i o n a l crossbeds. 



C H A P T E R 10 

AN ENVIRONMENTAL MODEL FOR THE LARGE SCALE 
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If one envisages a forested coal-forming environment (producing 

an autochtonous coal) with a l l the surface i r r e g u l a r i t i e s that one f i n d s 

on the f o r e s t f l o o r , then the presence of very extensive l a t e r a l and 

uniform t h i n l y bedded d i r t bands (observed t o be no gr e a t e r than 20 cm 

th i c k ) presents an i n t r i g u i n g problem. These d i r t bands seem l i k e l y to 

be the deposits from v o l c a n i c a c t i v i t y that was prevalent during the 

Permian coal-forming time ( L e i t c h , 1969)- Because of the manner of 

a e r i a l f a l l - o u t o f ash, a blanket of deposits would cover the e n t i r e 

s u r f a c e . Consequently one would expect to see at l e a s t an i r r e g u l a r 

lower bounding surface between the d i r t band and the und e r l y i n g p e a t . 

But t h i s i s not what one sees in the f i e l d . One sees, as already men­

ti o n e d (Table 3)» uniformly t h i n and l a t e r a l l y continuous ( i n the order 

of <'00 metres) d i r t bands that r a r e l y develop great t h i c k n e s s e s w i t h 

upper and lower s t r a i g h t and abrupt bounding surfaces ( F i g s . 22, 2k and 

25). I t i s most l i k e l y that these d i r t bands represent a moment i n 

geol o g i c a l time. The v o l c a n i c d e t r i t u s most l i k e l y f e l l i n a standing 

body of water that was accumulating e x c l u s i v e l y o r g a n i c d e b r i s . Duff 

(1967) d i s c u s s i n g a f l o a t i n g peat i s l a n d environment suggests that 

"Growth of peat from decaying vegetation takes place w i t h the base o f the 

peat s i n k i n g downwards owing to the weight o f waterlogged m a t e r i a l above." 

This would account f o r the lack of seat-earths (Duff, 19&7) and would 

also account f o r the geometry and shape o f the d i r t bands, because i f 

the accumulation of peat i s e s s e n t i a l l y a suspension f a l l o u t o f o r g a n i c 

fragments and p a r t i c l e s (as suggested by Duff, 1967) then the r e s u l t a n t 

d e p o s i t i o n a l surface f o r the d i r t bands w i l l be q u i t e r e g u l a r and p l a n a r . 

As the ash f a l l represents but a moment in g e o l o g i c a l time "banded" 

deposition of o r g a n i c / i n o r g a n i c material i s not incompatible. The ash 

f a l l would merely record a v o l c a n i c eruption without unduly i n t e r r u p t i n g 
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the d e p o s i t i o n o f peat-forming organic d e t r i t u s . 

The f a c t that one sees no evidence o f any deformation i n the 

coal or i t s associated d i r t bands tends to suggest that the peat 

compacted under i t s own weight, c r e a t i n g a regular planar s u r f a c e f o r 

subsequent d e p o s i t i o n o f inorganic sediments or organic m a t e r i a l forming 

peat ( F i g . 58A). The i n t r o d u c t i o n of c l a s t i c material would i n h i b i t 

peat formation and i t s weight tend to cause s l i g h t compaction of the 

already accumulated peat. I t is suggested that the 3 to 5 m t h i c k bed of 

s i l t s t o n e which i s found to d i r e c t l y o v e r l i e the coal seam and u n d e r l i e 

the crossbed-set ( F i g s . 22 and 2k) i s a p r o d e l t a deposit of f i n e 

sediment that was l a i d down l a r g e l y from suspension ( F i g s . 58B and 59). 

The s i l t s t o n e deposit j u s t mentioned probably represents the h i a t u s 

between peat accumulation and the deposition of c l a s t i c d e l t a i c sediment 

in the form of large s c a l e crossbeds, which were deposited i n t o a 

t o t a l l y subaqueous environment. (The author suggests a t o t a l l y subaqueous 

environment because no evidence of s u b a e r i a l or a e r i a l reworking of the 

crcssbed-set was found). The incoming crossbeds (shown in F i g . 8 at 

the j u n c t i o n of the coal seam-split) have a f f e c t e d l i t t l e the geometry 

and shape of the underlying coal seam ( F i g . 58C). I f there had been a 

large amount of compaction o f the coal due t o the o v e r l y i n g c l a s t i c 

material then one would expect to see q u i t e a change in the geometr/ of 

the coal in a d d i t i o n t o obvious d i f f e r e n t i a l compaction at the very 

point of the coal s e a m - s p l i t . 

In s i t u f o s s i 1 t r e e stumps v e r t i c a l with respect t o the master 

crossbeds and to the upper bounding surface of the main L i d d e l l Coal 

Seam, together with the prevalence of f l a t - l y i n g logs w i t h i n the s i l t s t o n e 

u n i t ( F i g s . k3, kk and k5) i n d i c a t e that there was in the Howick Open Cut 

area a l o c a l i s e d phase of plant growth before the d e p o s i t i o n of the 
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crossbeds ( F i g . 58B). It i s suggested by the author that t h i s phase 

of tree growth took place in the hiatus between the f i n a l accumulation 

of plant ma t e r i a l forming the th i c k peat deposits ( l a r g e l y allochthonous) 

and the r i s e in water l e v e l (which would have k i l l e d the trees) 

accompanying the i n f l u x of c l a s t i c m aterial ( F i g . 58C). 

The A r t i e s Coal Seam forming the upper b r a c k e t i n g u n i t o f the 

crossbed-set represents a cessation of c l a s t i c i n f l u x and a regeneration 

of a peat-forming environment. The presence of upright and i n s i t u 

f o s s i l logs j u s t below the A r t i e s Coal Seam (at Foybrook-Main (South); 

F i g . k2) i n d i c a t e s that the d e l t a i c deposits in the form of large s c a l e 

crossbeds are no longer as dominant as the tirr.e when they were a c t i v e l y 

prograding i n t o the d e p o s i t i o n a l b a s i n . The A r t i e s Coal Seam represents 

the f i n a l accumulation i n the d e l t a of t h i s region - i t i s taken to be 

the d e l t a - p l a i n f a c i e s (Figs. 58D and 59)- The o v e r l y i n g pebbly sandstone 

unit i s i n t e r p r e t e d as a f l u v i a l f a c i e s that prograded over the l a s t 

stages o f the delta-top f a c i e s ( F i g s . 58F and 59). The d e l t a c o n d i t i o n s 

in t h i s area may then have ceased to e x i s t at a l l or i t may have switched 

into another unknown but subsiding area. 

The A r t i e s Coal Seam was deposited on top of the d e l t a i c 

crossbeds and hence the seam r e f l e c t s the d i f f e r e n t types o f primary 

depositional slopes found in the d e l t a crossbed complex. In areas where 

the topset geometry of the crossbeds had developed the peat (which was 

to form the Lower A r t i e s Coal Seam) w i l l have accumulated on e s s e n t i a l l y 

h o r i z o n t a l - or at l e a s t very low angle s u r f a c e s . But where the r e l i c 

surface of the d e l t a i s st e e p l y i n c l i n e d as at the f o r e s e t (and less 

steeply i n c l i n e d at the toeset) of the d e l t a , then the peat w i l l have 

accumulated in conformity w i t h t h i s r e l i c s u r f a c e : - in f a c t , the 

geometry of the i n t e r n a l bands of coal w i t h i n the Lower A r t i e s Seam (con-
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verging onto the main L i d d e l l Coal Seam at Foybrook-Main (North) Open 

Cut) i s in no way s i g n i f i c a n t l y d i f f e r e n t from the geometry o f the 

underlying c l a s t i c m aterial ( F i g . 8 ) . The i n t e r n a l geometry of the 

i n c l i n e d coal ply suggests to the author that the p l y i s a primary 

d e p o s i t i o n a l f e a t u r e . 



net +0 sole. 
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FIGURES 58A TO 58F: 

A model f o r the dep o s i t i o n of the d e l t a i c large s c a l e crossbeds i s 
depicted in the f o l l o w i n g set of f i g u r e s . (Note that the d i s t a n c e 
between Foybrook and Howick i s approximately 8 km.) 

58A: Deposition of peat (suggested to be l a r g e l y allochtonous) 

in a r e l a t i v e l y shallow l a c u s t r i n e environment. W i t h i n 
the coal there are deposits of l a t e r a l l y e x t e n s i v e but 
t h i n beds of d i r t bands (or v o l c a n i c ash bands; see 
Chapter 10). The peat compacts under i t s own weigh t . 

58B: The coal forming environment has ceased w i t h the i n t r o ­

duction of s i l t s t o n e and shale which was most l i k e l y 
deposited out of suspension from the standing body o f 
water. The area to the northeast and east i s u p l i f t e d 
in response t o movement along the Hebden Thrust or the 
Hunter Thrust. This movement could account f o r subsidence 
of the d e p o s i t i o n a l basin and/or a r i s e i n water l e v e l . 
Before the movement along and adjacent t o these f a u l t 
systems had a f f e c t e d the surrounding areas too g r e a t l y , a 
l o c a l i s e d environment around Howick Open Cut was able to 
support the growth of t r e e s . The r i s i n g water l e v e l o r 
s i n k i n g peat accumulation subsequently caused any f u r t h e r 
growth to cease. Note t h a t , in response to the a c t i v i t y 
of s t r u c t u r a l elements to the north and northeast the 
proximal part of the de p o s i t i o n a l b asin ( i . e . t o the north) 
probably underwent more a c t i v e subsidence than the south­
western area; t h i s would help account f o r the g r o s s l y 
t h i n n i n g nature of the crossbed set to the southwest ( F i g . 
18). 

58C: D e l t a i c deposits in the form of bottomsets, f o r e s e t s and 
topsets are deposited i n t o the su b s i d i n g basin (the 
subsidence i s probably due more to t e c t o n i c a c t i v i t y 
than d i f f e r e n t i a l compaction of the peat; see Chapter 10). 
These deposits are l a i d down in an in s t a n t in g e o l o g i c a l 
time: - they have engulfed the upright trees at Howick 
Open Cut. The most l i k e l y sediment source f o r these deposits 
i s the newly r i s e n land to the northeast and north - along 
the Hebden and Hunter Thrusts. 

58D: The Lower A r t i e s Seam represents a ce s s a t i o n of a c t i v e pro-
gradation of t h i s p a r t i c u l a r d e l t a . I t i s q u i t e p o s s i b l e 
that a d e l t a lobe from another d i r e c t i o n (suggested, i n 
t h i s F i g u r e , to come from a more n o r t h e r l y d i r e c t i o n than 
the previous one) created an embayment which was 
to another peat forming environment. Before the second 
d e l t a had reached the Foybrook ar e a , the peat generated 
in the embayment had draped the f i r s t d e l t a - f r o n t 
d e p o s i t s . The peat i s then o v e r l a i n by the second d e l t a 
which soon ceases to e x i s t as that part of the basin has 
been i n f i l l e d . 

/Cont. 
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FIGURES 58A TO 58F (Continued) 

58E: The environment then once again became a more s t a b l e 
one - the high land forms t o the north have probably 
been eroded t o such an extent as to allow more peat-
forming c o n d i t i o n s to e x i s t . The Upper A r t i e s Seam 
i s then deposited b l a n k e t i n g both d e l t a lobes. 

58F: Deposition of a coarse pebbly sand from a f l u v i a l 

system w i t h overbank and swamp s i l t s then covers the 
Upper A r t i e s Seam in both the Foybrook and Howick 
Open Cut areas. The palaeocurrent trend of t h i s 
system i s q u e s t i o n a b l e . 



S i m p l i f i e d i n t e r p r e t a t i o n of d i f f e r e n t f a c i e s w i t h i n the 

non-marine d e l t a i c system based on the exposure at 

Foybrook-Main (South) Open Cut. 

Unit r e p r e s e n t i n g : a) The peat-forming c o n d i t i o n s In 
l a c u s t r i n e environment are 
in d i c a t e d by the l e t t e r s P.F. 

b) The p r o - d e l t a deposit i s i n d i c a t e d 

by the l e t t e r s P.D. 

c) The d e l t a - f r o n t deposits ( t o p s e t , 
foreset and bottomset) are i n d i c a t e d 
by the l e t t e r s D.F. 

d) The d e l t a - p l a i n deposits are 
i n d i c a t e d by the l e t t e r s D.P. 

e) The prograding f l u v i a l system over 
the d e l t a - p l a i n deposits i s 
i n d i c a t e d by the l e t t e r s F.S. 



A P P E N D I X 1 

CHARACTERISTICS OF LARGE SCALE CROSS STRATA 
ORIGINATING FROM THE INFERRED DEPOSITION OF 

DELTA FRONT FACIES 



Table A1.1 G.K. Gilbert (1890) Lake Bonneville; 
Pleistocene, UUh, U.S.A. 

J.D. Colllnson (1368) Kinderscout 
Grit; Hamurian 

J.D. Co llnson (1S69) Kinderscout 

Grit; ilamurian, England 

P. Dodson (1971) Oldman Formation 

Upper Cretaceous, Alberta, Canada 

Grouping (in vertical section) 
Solitary or grouped 

Set thickness metres 

range 

Gross 3-D Geometry or" fhe 
large scale rross-st rat i f i*»d 
set (with areal dimensions 
where known) 

Gross relationship between 
lower bounding surface of set 
and si rati i*icalion in 
underlying sediment 

1) Gradational 
2) Sharply defined -

Grossly concordant 
Grossly discordant 
Irriecermtnare 

Gross configuration of lower 
bounding surface of set (planar. 
Irregular, c> Hndrical/stoop 
shaped/trough-shaped) 

Solitary (except locally adjacent to 
lake margin where major wat-:-r-level 
fluctuations iiave led to the super 
position of up to 3 delta sequences 

Approximately 16 metres max. 
(Range not given but Gilbert'? f i g . 
shows thinner set-development in 
delta lobes deposited during 
periods of declining water level -

Sheet-like or tabular (grossly 

lobate in plan view); areal extent 

of 20,000 acres 

Sharply defined 

Asymptotic to grossly discordant 

Regularly undulose; sea Fig. 5f 

Solitary (see also rows 3 and 1i) 'Isolated' 

Between 4 to kO m 

Extensive sheets. % 
Colllnson's Fig. (1968) suggests 
that each sheet is structurally 
composite comprising separate 
geometrically distinct lobata 
and laterally grouped sets 

Sharply defined 

Asymptotic - concordant 

h to ho m thick 

Sheet 

Sharp!y defined 

Soli tary 

3 - 5 m thick 

Sheet 

Sharply defined 

discordant - asymptotic 

\ 
Planar Planar Planar 

Shephcard & Hill s (1970) Bearpa; J.G. Van Eden (1970) Montana** 

Foraation-Horsesnow Canyon Formation, Eocena, ?/rer.2es, 

Formation, Transition Zcr.e , Spain 

Upper Cretaceous. Alberta, Canada 

E. Cotter (1S75) Ferron Sandstone, 

Upper Cretaceous, Utah, U.S.A. 

C.F.R. Perbury (1976) roybroci; 

Formation, Sineleton Coal Measures, 

Sydney Basin, Upper Permian, 

M.S.M. Australia 

Solitary 

1.5 • 2-5 o thi.k 

Sheet 

Sharply defined 

concordant to asymptotic 

erosiot.al 

Solitary 

2 - 5 metres 

Sheet-Ilka 

Soli tary 

Generally 12 ;.o 2k metre! although 
nin. of & m and max. of 30 m 

recorded 

Sharply defined 
Concordant to asym?or.ic 

Sheet 

Sharply defined 
Grossly concordant 

\ 

PIanar Planar Planar 

Solitary 

20 m - ^8 m 

Sheet-li*e but having a sei»<-
wedge shape as the crossbeo set 
thins to the southwest; see 
Fig. 18 

Sharply defined 
Asymptotic to grossly concordant 

Planar, but with sr.iall local 

Irregu'arlties (r e l i e f of 

about .5 sr.) 

Contact Relationship between 

cross strata and lower bounding 

surface of set (as seen In dip 

section) (concordant, discordant; 

asymptotIc) 

G
r
oss configurat'ujn of upper 

bounding surface of set 
(planar, irregular etc.) 

Contact Relationships between 
cross strata and upper bounding 
surface of set (concordant, 
discordant, asymptotic 

Gross configuration of cross 
strata In vertical section 
- aarailei to dip 
(straight, flexed sigmoldai, 
curvilinear concave-up, 
curvilinear convex-uo) 

Angle (and range of angle) of 

traxi^uTf inclination of cross 

strata 

Gross configuration of cross 
strata traces in plan view 
(cOfttlRUOilSi discontinuous, 
regular, irregular, straight, 
reguiarly curved end concave 
(or convex) In direction of 
foreset dip sinuous) with 
observed lateral dimensions 

DftflfM of lithoiogiccl uniformity 
of cross strata and predominant 
limnologies (including texturat 
characteristics where cross strata 
ar* 11 thoTcr-H i cal ly homogenous) 

Presence and nature of sedimentary 
structures within large-scale 
cross strata and palaeocurrent 
significance of these ( i f any) 
relative to attitude of the 
large scale cross strata 

Characteristics of underlying 
bed-sat and directional 
relationship of palaeocurrents 
(if any) relative to attitude of 
overlying large scale cross 

Characteristics of overlying 
bed-set and directional 
relationship of palaeocurrents 
(If any) relative to attitude 
of large scale cross strata 

Inferred or observed relation­
ship between direction of 
inclination of large scale 
cross strata and direction of 
generative palaeocurrents 

Asymptotic to discordant 

Essentiallv planar 

Discordant (but relationship 
exposed only in one place; 
see Fig. 56) 

Curvilinear, concave-up 

15 to 20° 

No data given, but apparently 
grossly concordant with ( i - e . , 
parallel io) the almost wholly 
preserved lobate delta front 

\ 
Relatively uniform 
Rounded gravel with some inter­
mingled fine sand 

No data 

Delta foresets rest upon a very 
gently sloping floor of lacustrine 
sand and clay; no palaeocurrent 
data Available for these underlying 
sediments but they are fine grained 

• i f l i ' ail! i i . ' o i c u S . J . t l * . i i , . . j lU . , 
originating from suspension -

rather than from traction loads 

Horizontal beds 

Dip direction of 'oblique lamination' 
is the same as the direction of 
generative palaeocurrents 

Concordant - asymptotic 

Planar to irregular 

Discordant erosional 

In tabular sets foresets are 
'straight'; in the largest 
sets foresets are curvilinear 
concave-up 

Predominantly low (20^) 

Maximum of 27 

Convex In direction of dip; 
Individual sets may bs traced 
for scc*e ten* of metres. There 
may be sore development of 
concave-discontinuous pattern 
in plan geometry. 
Perpendicular to dip direction 
of foreset, the sets up to 0̂ m 
thick are apparently 1 km wide 

Foresees extremely coarse pebbly 
sanostone with bands or beds of 
fine s i l t y sandstone. The bands 
reach thicknesses of up to *t m 

Medium scale trough-shaped 
intrasets, trough axes Indicate 
currents predominantly obliquely 
down the foreset face, but wide 
variation is present including 
some travel directions up slope; 
dunes and ripples generating 
these intrasets considered to 
reflect local currents of 
diverse origins including large 
reverse eddies generated by 
fl u v i a l discharge initiated by 
flow separation at distributary 
mouths 

No data 

20 cm to 2 m thick tabuUr or 
trough cross sets occur in coscts 
up to 5 ni thick. Dip directions 
of the foresets of medium-scale 
tabular sets and the axial 
directions of the medium-scale 
trough sets are always extremely 
close to the dip direction of 
the underlying large-scale 
foresets 

Dip direction of large scale 
cross strata Is almost the same 
direction as generative palaeo­
currents 

Disccrdont i f set < 15 m 

Asymptotic If set > 12 • 

PI anar 

Discordant - asymptotic 

Planar 

Concordant - asymptotic 

Planar 

Discordant 

Straight If set < 15 m 
Curvilinear concave-up i f 
set > 12 » 

Discordant 

Straight to curvilinear concave-up 

'Low angle foreset beds' 

Discordant 

Curvilinear concave-up 

'Inclined' 

AsymptotIc 

Planar 

Discordant 

Curvilinear conca' i-up 

Maximum of 20 

Convex In direction of dip 

Mainly coarse to pebbly 
sandstone with occasional 
siltstone and fine sandstone 
unl ts 

Sandstone beds alternating with 
nudstone bed.. Thickness of 
individual' b.:c: not stated 

Fine laminated sandstone, 
s i l t y sandstone thinly bedded 
si 1tstonc Horogenously comp.-.sd of medium 

or fine sandstone - dip section 
shows lateral development of 
of Individual bad up to 100 m 

As for Colllnson (1968) No data 

No da:a 

As fo- Collinson (1968) 

As fo- Collinson (1968) Simllar or almost so Inferred by myself 

similar or almost so 

Concordant - asymptotic 

Planar 

Discordant 

Flexed concave-up 

Steeply Inclined delta front 
foresets no exact angle of inclination 

is given but up to 15° 

No data 

\ 
Siltstone and fine sandstone (> 103; 
argillaceous matrix sub.-inqular qralns 
poor to moderate sorting) 

Mejor sedimentary structure Is even 
parallel lamination suoordinate 
amounts of trough and plnnar cross 
lair.inution, ripple lamination, ripple 
d r i f t cross iaminacion 

1.5 " 3 metre thick transitional zone 
below steeply inclined beds - pro-
delta beds are horizonral bottomset 
t a i l s to the inclined data front fore-
set beds. Sandstone to sn^le ratio 
approximately 1:1 

Asymptotic - discordant 

Pi anar 

Concordant to asymptotic 

Straight, slgnoidal 
Curvilinear concave-up 

IjO - 25O . t h e d i p o f t h e c r o s 5beds 

tends to get !ess higher up in 

the vertical section 

Convex in direction of dip 

Siltstone, fine santstcne to coarse 
sandstone, shaley facies and sand­
stone facies. Sandstone is l i t h i c 
quartz, quartz l i t h i c arenite; 
siltstone has high carbonaceous 
content 

Parallel-wavy lamination trending 
down-dip of foresets. Micro cross 
laminations defined by carbonaceous 
concentrations trend up, oblique-
down, dip of foreset 

10 m bright coal wl-h thin dirt 
bands - d r i l l i n g at the boundary 
between cool and foresets 

Horizontal strata of sandstone, s i l t - Overlying bedset also another 
stone and some coal coal seam 

Simllar or almost so Simllar or almost so 

Associated fossils or other palaeo- Freshwater molluscs; 
environmental indicators (either vertebrates 
restricted to cross s t r a t i f i e d units 
or to bracketing bed-sets etc.) 

terrestrial 

Cyclic vertical pattern ( i f any) 

Origin inferred by original 
workers for the large scale 
cross s t r a t i f i e d units 

and 

Names applied to structure 

Lateral extent of large 
scale cross s t r a t i f i e d units 
seen in outcrop parallel to 
the dip section, or (in 
Quaternary deposits) inferred 
from preserved 'formset' 
morphology 

Stacking of deltas occur as a 
consequence of major fluctuations 
in water level 

Large scale cross strata originate 
from the progradation of a delta 
front facies into a body of standing 
lake water under conditions of 
high sediment influx 

'Delta' with internal foresets 

described as 'oblique lamination' 

1.5 km 

No data 

The two facies deltaic and 
f l u v i a l , are vertically 
associated with each other 
in a definite order of super­
position; former underlying 
the latter facies 

Large scale cross strata 
originate from delta front 
facies 

GiIbert-type delta 

2.4 km 

No da.a 

No data 

No data 

No da.a 

Ho d.ta 

No marine fossiIs 

No data 

Authors interpreted these structures Van Cden suggests the homogenous 
as being formed by the Migration 
downstream of large scale ripples 
or sand waves in a deltaic complex 
with migrating distributaries 

No formal name given, yet he. d i s t i n ­
guishes the crossbeds as not being 
alpha or epsiIon 

sediment, constant direction of 
foresets, even thickness of units 
and their I solaced position 
provide enough evidence to assume 
a deltaic mechanism of 
depos i t i on 

100 est res 

4—x 

7 

Biogenic structures are uncommon but 
Ophiomorpha an d Thalassinoides we re 
found. Finely comminuted plant mater­
ial is present in most beds 

Pro-delta facies overlain by 
Delta front overlain by 
Delta plain overlain by 

Large scale cross strata originate 
from delta front facies developing 
into a water body whose s a l i n i t y 
has been significantly reduced 

Cotter likens the crossbeds with 

Gilbert-type delta with delta front 

deposits that are steeply inclined 

Tens of kilometres 

S i l i c i f i e d logs, whole plant 
stems and leaves, fragmented 
plant material 

L i t t l e data but the vertical 
succession wGuld seem to 
Indicate the pattern: coal, 
large scale foresets, coal 

Large scale cross strata originate 
from delta front f j d o s (this 
report); mobile compaction 
structures (Britten, 1372, with 
others, 1975), levee crevasse 
splays (Sunny, 15G9) 

1.8 to 3.0 km 



A P P E N D I X 2 

METHODS 
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A l l the highwalls i n the abandoned open cut mines at Foybrook 

and segments of the open cut at Howick were photographed in such a way 

as to obtain stereo-cove rage. From t h i s photographic coverage, 

panoramic sketches of the highwall s t r u c t u r e s were drawn, drawing d i r e c t l y 

from the compilation o f i n d i v i d u a l t r a c i n g s made from each successive 

s e t of s t e r e o - p a i r photographs. Because the camera-to-highwal1 distance 

changed p r o g r e s s i v e l y during the photography in some open c u t s , the 

Panoramas incorporate a small amount of unavoidable photographic d i s ­

t o r t i o n . However t h i s was compensated by the i n c l u s i o n w i t h i n many of 

the photographs of an i n t e r n a l s c a l e c o n s i s t i n g o f a canvas banner wit h 

metre s u b d i v i s i o n s hung from the top of the highwall (see Panorama 

enclosures in back poc k e t ) . 

With the a i d of s p e c i a l rockclimbing equipment, several s t r a t i ­

graphic sections were logged i n each open cut highwall exposure by 

ascending a f i x e d rope (Table A2.1). The log was p l o t t e d d i r e c t l y on to 

a continuous s c r o l l i n the f i e l d as the f i e l d data was c o l l e c t e d . This 

operation was performed on the c l i f f face w h i l e ascending the f i x e d rope 

i n a l l open cuts except f o r Foybrook-Main (South) Open Cut where the data 

were communicated from the c l i f f face v i a w a l k i e - t a l k i e to an a s s i s t a n t 

on the ground who then p l o t t e d the data on the s c r o l l (see F r o n t i s p i e c e ) . 

Each s e c t i o n was logged in f a i r d e t a i l using a metric tape measure; a 

record was made of l i t h o l o g y , bed t h i c k n e s s , dip and dip azimuth of beds, 

nature of the sedimentary s t r u c t u r e s , f o s s i l content and r e l a t i v e g r a i n 

s i z e . Rock samples were c o l l e c t e d during the s t r a t i g r a p h i c logging and 

subsequently t h i n - s e c t i o n e d f o r petrographic a n a l y s i s . Because the 

majori t y of the highwalls trend approximately north-south the se c t i o n s 

have been numbered p r o g r e s s i v e l y north to south; and f o r the only east-

west trending highwall (Foybrook-S.E. s o u t h w a l l ) , the se c t i o n s are 



- 137 -

numbered from east to west (Table A2.1). S i m i l a r data c o l l e c t i o n was 

undertaken in road and r a i l c u t t i n g s that occurred w i t h i n the outcrop 

zone of 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. 

A l l the l o c a l i t i e s were p l o t t e d on a base map prepared from 

1:1600 sca l e enlarged a e r i a l photographs of the Muswellbrook and 

Camberwell v e r t i c a l a i r - p h o t o s e r i e s (Table A2.2). 

Data were also c o l l e c t e d on the l o c a l i t y and o r i e n t a t i o n of 

s i l i c i f i e d f o s s i l logs throughout a l l the cuts (but mainly from Howick). 

From these and the recorded measurements of dip and dip-azimuth of the 

large s c a l e (master) crossbeds s t e r o p l o t s were p l o t t e d on the equal-

s angle stereonet. To restore the o r i g i n a l primary dips of the master 

crossbeds the regional t e c t o n i c dip (which ranged from 2° to 8°) was 

rotated out on the Wulff stereonet f o r each d i f f e r e n t s e c t i o n o r data-

recording l o c a l i t y on the basi s of a dip and dip-azimuth measurement on 

the top of the L i d d e l l Coal Seam at that l o c a l i t y . 



TABLE A2.1: 

LOCATIONS AND NAMES OF OPEN CUT MINES IB THE FOY3R00K-LIODEIL-HOWICK ARE'V, Ai:0 INDEX TO LOGGED STRATIGRAPHIC 

— •c.ir.TlCNS- AND HICiWALL 'PAIIOrAMAS- gCOf.PAMY ITHIS REPORT 
GENERAL AREA OPEN CUT MINES LOCALITY 

(SEE MAP 2) NUMBER 
(SEE MAP 
2) 

PRESENT CONDITION 

OF MINE 

QUALITY OF HIGHWALL 

EXPOSURE 

CODE INDEX CODE INDEX TO STR/W 
TO PANORAMAS ICV.PHIC SECTIONS 
MOUSED IN HOUSED IN BACK 
BACK POCKET POCKET (SEE MAP 2 

FOR LOCATION OF 

SECTIONS) 

Foybrock-MaIn I 

(North) 

Foybrook-Main 2 

(South) 

Abandoned, 

partial1y flooded 

and inf11 led wlth 
spoil 

ditto 

FOYBROOK Foybrook-Box 

AREA 

Used as portal 
to Liddell No. 1 
Underground 
Mine \ 

Foybrook-S.E. 3 

3a 

-
Foybrook-S.W. 4 

Abandoned and 

par t i a l l y flooded 

Abandoned and 

flooded; 

presently under­

going refi11ing 

with spoil 

Fair; large scale PI 

tnclined bedding 

structure;, arc 

developed through­

out length of 

highwall. Liddell 

Coal Seam exposed 

Excellent; large P2 
scale inclined 
budding structures 
are conspicuously 
developed through­
out length of high-
wall. Liddell 
Coal Seam exposed 

Excellent; large 
scale inclined 
bedding structures 
exposed across 
extent of highwall. 
Liddell Coal Seam 
exposed 

Excellent; large 
scale inclined 
bedding structures 
are conspicuously 
developed through­
out length cf 
highwalls. Liddell 
Coal Seam exposed 

Excellent; large 
seal.' inclined 
bedding structures 
conspicuously 
developed through­
out extent of 
highwalls. Liddell 
Coal Seam exposed 

SIA. SIB, SIC, SID 

S2A, S2B 

P3 teast 

wall) 

P3a 
(south 
wall) 

S3A, 53B 

S3aC, S3a2, S3aE 

S4A, SUS, S'lC 

Durham Abandoned and Excellent, but Durham 
almost completely only a few feet of 

refi1 led wi th the to? of the 

spoi 1 former highwall 

remain exposed. 
Liddell Coal Seam 

• . now burled. 
Large scale 

inclincd bedding 
LIDDELL structures appar­
AREA ently developed 

• but only a few 
feet remain 

\ 
exposed 

Liddell-
\ 

Abandoned and This is a box-

Portal partly flooded shaped open cut 

slmllar in size 
and shape to 
the Foybrook-
Box Open Cut. 

Exposure is 

good and the Liddell 

Coal Sean is e>posed 

a: the base of the 

highwalls but inclined 
bedding structures 

are not clearly 

evi dent. 

Howick Actively worked 

HOWICK 

AREA 

Generally good, but 
affected by blasting 
of overburden and 
burial under veneers 
of mine dust. 
Large scale inclined 
bedding structures 
conspicuously 
developed throughout 
length of highwalls; 
Liddell Coal Seani 
exposed and actively 
mined. 

P5 S5A, S5B, S5C, 

SSO 



TABLE A2.2 

GIVING SERIES RUN AND NUMBER OF AERIAL PHOTOGRAPHS 
USED IN COMPILATION OF BASE MAP 

RUN NO. 

Muswellbrook Series 3M NSW 2242 45 
3M NSW 2242 46 
2M NSW 2242 88 
2M NSW 2242 89 

Camberwell Series 3C NSW 2259 95 
3C NSW 2259 96 
2C NSW 2259 77 
2C NSW 2259 78 
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