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vertical extent observed for a continuous dyke or vein has been 
approximately ten metres. 

(b) Irregular fracture veins 

The veins in this group follow irregular fractures which are not 
associated with normal joints. These veins emanate from the joint 
veins and penetrate into rock which became irregularly fractured 
during or immediately before the injection process. Many taper 
rapidly and terminate in intact rock with no sign of jointing or 
fracturing. Some of the wider veins in this category contain angular 
inclusions of country rock. 

(e) Polygonal pattern veins 

Such patterns occur where irregular blocks of sandstone have 
been engulfed by the intrusive material. Some sites with sub-circular 
sandstone blocks up to 2 m have been noted. 

(d) Bedding plane and sill-like intrusions 

These forms are often more difficult to identify with certainty 
than any of the other categories and are probably more common than 
the data indicate. As the intrusive material is generally grey, fine 
grained, weak or soft when weathered, it closely resembles siltstone 
or claystone when it occurs in thin veins along bedding planes. These 
horizontal features occasionally thin rapidly with irregular 
boundaries, in which cases the identification can be made with more 
certainty. 

When the intrusives occur in silty sandstone it is more visible, 
particularly if it is present as elongated blebs parallel to the 
bedding and connected to a vertical feeder vein. Thin beds or films 
along the bedding planes are often very difficult to identify as 
they blend with the host rock. 

(e) Isolated veins 

Some isolated veins have been observed on vertical sandstone 
faces. In these cases the veins taper to a termination at each end 
with no visible connection to other veins. Obviously these veins 
must have a lateral connection. 

FIELD EVIDENCE FOR SUBTERRANEAN INJECTION OF VEINS 

(a) Vertical veins of intrusive have been observed thinning to a 
film on joint surfaces which then continue upwards and finally fade 
into sound rock. Wide veins which taper upwards are common. The 
former Wallsend Borehole Colliery open cut site (Grid ref. 722599, 
Walls end 1:25000 sheet) is the best example of these features. 

(b) Some vertical veins have both upper and lower tapering 
terminations and appear to be unconnected with any pre-existing joint. 
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In these cases the material could have been injected laterally under 
pressure during or after brittle deformation of the rockmass. 

(c) The vein material does not resemble any possible source material 
at the surface, either in the rocks above the veins or in close 
proximity below the veins . 

(d) Intact rock has ~pparently been fractured in a random pattern, 
unassociated with any pre-existing joint sets and then injected with 
the intrusive. 

AGE OF THE INTRUSIONS 

Upper Hawkesbury Sandstone is the youngest sedimentary rock 
known to be intruded by the clastic intrusives. No search has yet 
been made in Wianamatta Group rocks. The only evidence of younger 
age is an intrusion into a basalt dyke near Jewelstown, a Newcastle 
suburb. Embleton et al. (1985) quote two basalt dyke samples from 
this vicinity with ages of 90.1 and 92.7 Ma. 

It seems improbable that all these intrusions were formed 
contemporaneously. At present no indications have been found to 
indicate the period of time during which the activity took place. 

From the present field evidence there appears to be no relation­
ship between the diatremes and the clastic intrusives. Clastic 
intrusives have been located close to three diatremes, namely Hornsby, 
Oxford Falls and the Basin, in the headwaters of Wollombi Brook. 
These intrusives sites showed no unusual features and there was no 
increase in number of the veins despite the proximity of the 
diatremes. In addition, the clastic intrusions are numerous in the 
north-eastern part of the Sydney Basin where diatremes and other 
larger volcanic bodies have not been recorded. 

Basaltic dykes are present throughout the area invaded by the 
clastic intrusives, but no connection between these features has 
been indicated. At the Terry Hills garbage tip a weathered basaltic 
dyke is located a few metres from clastic intrusions with no apparent 
influence of one upon the other. 

RESULTS OF EMPLACEMENT OF VEINS 

The emplacement of the intrusive materials into the vertical 
and sub-vertical joint sets of sandstone, with expansions of up to 
450 mm for individual veins, would set up horizontal stresses or 
increase existing stresses in the host rocks. As sandstone is more 
favoured as a host for vertical intrusion than the finer grained 
rocks, the sandstones are more likely to be horizontally stressed than 
other strata above or below. This has resulted in the development of 
horizontal shear planes at the strata interfaces. 

163 



C.L. ADAMSON & K.H.R. MOELLE 

BRECCIA OCCURRENCES 

Whereas the veins are very common, only two definite sites with 
brecciation and one site of breccia formation have been identified 
in an area near Killingworth, in the Newcastle district. 

SUMMARY 

The intrusives appear to have been forcefully emplaced in 
existing discontinuities developed in sandstones and to a lesser 
extent in finer grained sedimentary rocks. 

Three distinct sources for the veins have so far been 
distinguished, namely shale/mudstone, basaltic and tuffaceous. The 
sediment derived veins as well as those of tuffaceous material have 
probably been formed by emplacement of material from layers below 
a regional compressive event, or events, whereas the basaltic veins 
have probably intruded when their "jost" joints experienced dilation. 

As the occurrence of these veins is widespread, attempts will 
be made to link this phenomenon to other indicators of tectonic 
processes that have affected the Permian and Triassic successions 
of the Sydney Basin. 
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AEROMAGNETICS OVER THE SOUTHERN COALFIELDS 

W. Stasinowskyl, G. Poole 2 , C. Barto' & P. Lamb' 

BHP Engineering, Spring Hilll 

BHP Illawarra Collieries, Wollongong 2 

Electricity Commission of NSW, Sydney' 

Kembla Coal & Coke, Wollongong' 

An aeromagnetic survey was flown by BHP, Elcom and Kembla Coal 
and Coke over a section of the Southern Coalfields to try to 
delineate small scale features significant to mining. Of most 
importance were the position of dykes and the extent of sills. 

BHP Engineering was commissioned to interpret this survey. 

A high degree of success was achieved despite large 
semi-reg ional gradients caused by basement relief. Image 
process i ng successfully removed the gradients and highlighted 
features down to the noise level of the survey estimated to be 
below O.SnT. 

Flight lines were flown northeast-southwest at a nominal 
spacing of 200m and terrain clearance of 7Om. Tie lines were flown 
perpendicularly every 100Om. The results were reduced, gridded and 
contou red and the gri d was also put into an image processor. 

The total field residual was quite striking in its large 
amplitude, semi-regional variations evident on Figures 1 to 3. 
When colour enhanced these variations showed long linear boundaries 
between levels in the magnetics. These have been interpreted as 
due to relief in the basement and could give quantitative data 
regarding basement structure. 

Large dykes and sills were clearly evident through the gradient 
(see Figures 1 and 2). However, the presence of large scale 
features are often known, but the aim of this survey was to also 
detect smaller features. To achieve this, the grad i ent would first 
need to be removed • 

A gradient filter was tried in the northwest-southeast 
orientation. Since this orientation was across flight lines it 
accentuated the small heading errors evident as corrugations in the 
data (see Figure 3). Al though these were only about 2nT , analysis 
of small features was severely disrupted. 

167 



STASINOWSKY, POOLE, BARTO, LAMB 

By applying the gradient filter along the flight lines, the 
line-to-line mis-ties were not evident and a more detailed data set 
was available for interpretation. 

Another approach was to apply a box filter along the flight 
lines and view the residual. This operator was sensitive enough to 
highlight features down to the noise level estimated to be less 
than O.5nT. Hence it was now possible to delineate lnT features 
within a relief of over 250nT. 

One problem of effectively amplifying the small scale 
variations was that the near surface and cultural features such as 
basalt (see Figure 4) and culture (see Figure 5) were also 
enhanced. To overcome that problem, an optical illusion was 
employed in the colouring of the data. By making the subtle 
variations appear largely as one colour, the culture and basalt 
with their very la rge variations showed up as dark, speckled 
areas. The eye cou l d then be easily trained to ignore these 
areas. 

A process known as 'artificial sun' was also useful in 
delineating small scale features. It can be thought of as 
considering the data as a three-dimensional surface. It was then 
'illuminated' by an artificial sun from various angles. As the 
angles changed, different features became apparent. 

Many features were detected by the above processes. Probably 
the most significant benefit was in delineating the margins of 
sills at depth. Also dykes with only small magnetic relief were 
detected. 

It can be concluded that this aeromagnetic survey and the 
associated image processing located the margins of sills and the 
position of dykes with only small magnetic relief. As a result 
substantial exploration costs have been saved and the survey and 
processing have proven cost effective. 
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Figure I Dykes 

Figure 2 Sill 

Contour Interval = InT - All figures 

Tick Mar ks = lkm - All figures 
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Figure 3 Head ing Error s 

Figure 4 Basalt Figure 5 Culture 
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A CHAR MORPHOLOGY CLASSIFICATION WITH APPLICATIONS TO 
COAL COMBUSTION 

J. Bailey 

University of Newcastle 

CHAR PROPERTIES AND COAL REACTIVITY ON COMBUSTION 

Experiments have shown (Shibaoka et al., 1985) that coal combustion 
occurs in two main steps - devo1atilization to produce char, followed 
by char combustion. Devolatilization takes place in less than 50 
milliseconds, while char combustion may require several seconds and is 
the rate-determining step. For this reason, it is important to 
investigate the morphology and rate of combustion of char from various 
coals, in order to determine the features which prevent some coals from 
burning to completion during their normal residence time in the furnace 
of a power station. 

Until recently, mathematical modelling of coal combustion assumed 
p.f. particles to be composed of homogeneous material which burned 
with constant density as shrinking spheres. However, observation of 
char and partly combusted coal shows that just as coal is heterogeneou~ 
p.f. and char of 40-200 microns is also composed of heterogeneous 
particles of different maceral composition, varying shape, porosity 
and internal surface area, and different optical anisotropy. 

The char burning rate may be calculated by considering a two 
step combustion process. The first step involves diffusion of oxygen 
to the surface, and the second step involves the chemical reaction at 
the surface of the char particle. 

The measurable parameters of char which can contribute to the 
interpretation of reactivity equations are: 

a) The external dimensions of a particle which determine the 
rate of diffusion of reactant gas toward it and can be estimated or 
measured by optical or electron microscopy. 

b) The porosity and pore di s trib ution of char particles which can 
determine the extent of diffusion o f oxygen into the particles, and 
will influence the extent of internal burning taking place inside the 
char. For most coals, internal burn ing constitutes by far the most 
important type of burning (Simons,1983 ) . The porosity of char 
particles may be estimated visually by optical microscopy, or 
measured in two dimensions by an imaging process using QEM 
(Quantitative Electron Microscopy). 
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c) The surface reacti vity of char may be related to the optical 
texture or coke texture of the char, and the degree of anisotropy 
developed. Anisotropy represents the degree of re-ordering of 
'micelles' or basic aromatic units which occurs in a coal as it is 
heated through its plastic stage. As aromatic groups coalesce, and 
graphitic lamellae increase in extent, there are less plate-edge 
carbon atoms available to react with oxygen, and the developing 
aromatic frameworks become increasingly stable. The char appears to 
become less reactive with increasing anisotropy as a result of this 
changing structure. 

Therefore, a char classification aimed at contributing to char 
combustion models should be based on the following parameters: 

* estimated macroporosity (pores >1 micron) 
* distribution of macropore sizes 
* wall thickness of particle or of internal partitions 
* presence of anisotropy of particle walls 
* bireflectance or coke domain size (extent of anisotropy) 

CHAR PREPARATION AND CLASSIFICATION SYSTEH 

Sample Preparation 

Samples are prepared by first making solid cylindrical moulds of 
polyester resin with a cylindrical cavity of 5mm depth and l2mm 
diameter recessed in the centre top. Since only small quantities of 
some chars are available, 0.1 to 0.2g of representative char is mixed 
with the same type of resin within the cavity and allowed to set. The 
sample surface is :hen polished and examined microscopically in 
reflected light in oil immersion. Placing the small amounts of char 
available in a recessed cavity allows sufficient concentration of 
particles to enable examination of the sample by point counting using 
a mechanical stage. 

Siclplified Char Classification 

At low temperatures most char types may exist in isotropic or 
anisotropic form, and so the classification must provide for a large 
number of char categories. However, chars pyrolysed at higher 
temperature (i.e. 1500°), and burnout residues tend to have more 
exclusively anisotropic particles, and so require fewer categories for 
description. For combustion studies, some char types having similar 
characteristics but si~ply a different vesicle shape, for example, 
because of their origin from coals of different rank may be 
conveniently grouped together. A condensed system of char 
morphologies, presented in Table I, has been established so that 
high temperature particles can be classified in only ten categories. 
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CHAR MORPHOLOGY 

Table 1: CONDENSED CHAR HORPHOLOGY SYSTEM FOR HIGH TEMPERATURE CHAR 

CHAR CATEGORY NAME DESCRIPTION 

tenuisphere hollow, spherical, 
thin-walled, anisotropic 

isocrassisphere 

anisocrassisphere 

network 

dense network 

inertoid 

unfused 

anisoinertoid 

mixtoid 

mineroid 

hollow, spherical, 
thick-walled, isotropic 

hollow, spherical, 
thick-walled, anisotropic 

thin-walled, high 
internal surface area 

thick-walled, high 
internal surface area, 
anisotropic 

thick-walled, low 
internal surface area, 
isotropic 

isotropic, no degassing 
vesicles 

thick-walled, low 
internal surface area, 
anisotropic, may have 
ribbon anisotropy. 

50% unfused, 50% fused 

over 50% mineral matter 
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VESICLE DISTRIBUTION 

>80% porosity, 1-3 
large central vesicles 
± secondary vesicles 

>50% porosity, 1-3 
large central vesicles 
± secondary vesicles 

as above 

>60% porosity, > 5 
vesicles, walls <lOpm 

>40% porosity, > 5 
vesicles, walls >lOpm 

5-40% porosity, walls 
> lOpm thick 

<5% porosity 

<40% porosity, walls 
>lOpm thick 

variable porosity 

none 
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CHAR POPULATIONS FROH PARTl CU LAR COALS 

Raw Data 

Four coals which have been combusted at pilot and laboratory 
scale have been examined. Of the coals, Collie was found to burn out 
most efficiently, followed by Tarong, Bayswater and Curragh 
(Bailey et aL, 1988). In the case of these four coals the order of 
burnout coincides with order of increasing rank, but the work of Field 
(1970), Oka (1987) and the author show that this is not always the case. 
When considering coals of similar rank, petrographic properties and 
char types produced help to predict burnout performance. The same 
properties and char types can be used to predict burnout order for 
these coals regardless of rank. 

Char produced at 1500°C most closely represents fully 
devolatili2ed p.f., so these results along with counts of combustion 
residues generated a t 1200°C are presented in Tables 2 and 3. 
Significant groups of char particles have been summed for comparison 
at the base of each table. 

Table 2: CHAR TYPES AT 1500°. 

COAL COLLIE TARONG BAYSWATER CURRAGH 

RANK (Ror )% 0.38 0.57 0.70 1.14 

CHAR TYPES. 

Unaltered coal 0.0 0.0 0.0 2.1 

Tenuisphere 4.1 1.3 16.9 5.5 

Anisocrassisphere 1.5 5.4 24.9 25.6 

Network 49.9 32.2 3.8 4.5 

Inertoid 13.0 37.2 19.8 3.9 

Un fused 24.4 20.6 12.7 7.0 

Anisoinertoid 0.2 1.9 20.0 41.3 

Mixtoid 7.0 1.3 2.0 10.0 

TOTAL 100.1 99.9 100.1 99.9 

S2ecial Ca legorj es f or Com2a ri son. 

Thick-walled anisotropic 0.9 2.3 22.2 62.3 

Thick-wal l ed 14.1 35.4 52.9 66.5 

Thick-walled + Unfused 38.3 51.9 62.9 78.7 

Anisotropic 4.9 7.1 25.0 72.1 

Low Density 57.5 34.2 21.7 15.0 
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APPLICATION TO C011BUSTION PERFORMANCE 

Burnout 

A comparison may be made of the trends in the proportions of 
certain char categories with the burnout ranking. The percentage of 
high density char residue (thick-walled + unfused) produced by 
pyrolysis at 1500°C does indicate correct burnout order. The 
proportion of unfused chars becomes an unreliable burnout estimator in 
the coking coal range (i.e. Curragh char) in optical density. 
Anisotropic char appears in these experiments and in those of Oka 
et al. (1987) to be less reactive than isotropic high density char and 
to reduce burnout performance considerably. Although anisotropic char 
may develop an enhanced microporosity, this does not appear to 
increase its reactivity to oxygen. 

Residues prepared at 1500°C are shown to be suitable for 
classifying chars for combustion applications whereas those prepared 
at lower temperatures «lOOO°C) are not. During the initial study the 
burnout ranking of four coals may be predicted by: 

* Increasing order of thick-walled char 
* Increasing order of thick-walled plus un fused char 
* Increasing order of anisotropic char 
* Increasing order of thick-walled anisotropic char 
* Decreasing order of low density char 

Table 3 : BURNOUT RESIDUE POPULATIONS AT 1200°C 

Char Types COLLIE TARONG BAYS\;ATER 

Tenuisphere j7 .4 15.0 0.8 

Anisocrassispherc 2.3 0.4 0.3 

Network 23.7 7.2 10.1 

Dense Network 4.3 0.4 1.1 

Inertoid 10.1 23.8 23.9 

Un fused 15.6 18.9 30.9 

Anisoinertoid 5.6 2.4 0.2 

Micro-disrupted anisotropic 6.3 13.4 7.3 

isotropic 5.7 17.4 20.3 

Mixtoid 9.3 0.9 5.0 

TOTAL 100.3 99.8 99.8 

SEecial Categories for ComEarison 

Anisotropic thick-walled 12.2 3.2 1.6 

Thick-walled 21.4 25.1 27.8 

Thick-walled + Unfused 42.6 46.4 58.9 

Low Density 57.8 53.5 41.0 
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16.4 

8.2 

18.8 

6.3 

15.3 

7.4 

5.1 

7.4 

2.9 

12.2 

100.2 

19.6 

34.9 

48.4 

51.6 
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The percentage of high density combustion residue (thick-walled + 
unfused) produced by burnout at 1200°C places the four coals in 
burnout order except for Curragh coal. The lower amount of thick­
walled and unfused char counted in Curragh coal indicates that the 
coal should perform better than Bayswater coal, but this fails to take 
into account the proportion of anisotropic thick-walled char present. 
A better estimate of burnout performance based on combustion residue 
populations would be obtained by considering not only the amount of 
high density residue produced, but also the proportion of this 
residue with discernible coke anisotropy. Predictions from 
combustion residue should also take into account the amount of very 
reactive material which has already been burnt out by 1200°C. 

For the burnout residue produced at l200°C, burnout order may be 
predicted by: 

* Increasing order of thick-walled char 

Further testing on a wider variety of coals is needed, but the 
burnout order appears to be adequately predicted by rank when the coal 
ranks are significantly different. However, in order to predict 
burnout performance for coals of similar rank, but varying chemistry 
and petrology, high temperature chars and burnout residues offer 
scope as a qualitative ranking tool. 

Flyash character 

The particle size analysis of pyrolysed char from the same coals 
was obtained using a laser particle size analyser. Table 4 shows the 
mean p.f. size, mean char sizes at 900, 1000 and 1100°C and 
percentage of char below 10 microns in size for each coal at each of 
these temperatures. Deviations from a char particle size 
distribution directly related to p.f. size occur in coals for two 
main reasons: 

* Char particles from swelling coals may expand during pyrolysis 
or combustion producing a coarser size distribution than predicted. 

* Alternatively, skeletal or swollen chars may fragment, causing 
the production of many fine char particles. 

Comparison of the char sizes and char types of the four coals 
gives some indication of the likelihood of a coal to produce large 
quantities of fine ash. In particular, Curragh coal which lies in 
the range of prime coking coals, produces a significant quantity of 
char cenospheres which have swollen to over twice the original p.f. 
size. This is evident from Table 4, with the char size being 
drastically reduced by ultrasonic treatment of Curragh char. The 
original character of the char is confirmed by the extent of thin­
walled low density char observed microscopically. These particles 
can be seen to have fragmented to very fine splinters of char 
material at a temperature of 1000°C. 

Consequently Curragh coal will produce large quantities of fine 
ash, and this property has been described quantitatively in Wall 
et al.(1988). Power utilities confirm that Curragh coal does 
produce a large percentage of very fine ash. 
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On the other hand, Bayswater coal which has no tendency to swell, 
does not produce thin-walled cenospheres, but thick-walled isotropic 
spheres which burn out without significant fragmentation. Similarly, 
Tarong char does not swell, and ·its top char sizes are composed of 
unreactive mineral-rich inertinite. Collie coal does not swell but 
because of its low rank, and so very high porosity, has a 
tendency to fragment as the char devolatilizes. Thus, the quantity 
of fines increases slightly with temperature. 

Table 4 : CHAR PARTICLES SlZES AT 900, 1000 and 1l00°C 

COAL 

COLLIE TARONG BAYSWATER CURRAGH 

microns/% microns/% microns/% microns/% 

Mean Size p. f. / %<lOum 90/1 83/1.5 80/3.5 99/5.5 

Mean Size Char at 900°/ 
%<lOum 80/4 68/4 64/5 72/12 

Mean Size Char at 1000°/ 
%<lOum 78/3 82/1.5 77 /4.5 81/5 

Mean Size Char at 1100°/ 
%<lOum 55/6.5 62/4 60/4 58/6 

150/4* 
* no ultrasonic treatment of sample. 
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Plate 1. Fragmented anisot~nui$pher~ Plate 2. hocn."sisphere 

Plate 3. Network Plate 4. Dense Network 

Plate 5 . Fusinoid (Unfus~d) Ple te 6. Macrinoid (Un£used) 
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PETROGRAPHY OF CERTAIN GONDWANA COALS OF AUSTRALIA AND 
INDIA 

K.K. Sappal 

Curtin University of Technology, Perth 

ABSTRACT 

The Permian coals of Australia and India are often referred 
to as Gondwana coals, which are of increasing economic importance 
to both countries of the former Gondwanaland. The coals have 
been deposited under a set of geological, biological and chemical 
environments that show similarity in petrography and the 
distribution of mineral matter. 

INTIDOOcrIOO 

The Farly to Late Permian coals of Australia and India along 
with those of South Africa, South Arrerica and Antarctica are often 
referrad to as Gondwana coals. The Gondwana coal deposits have 
been formed under similar geological, biological and geochemical 
environments. The similarities in coal have s ignificant 
illq;lOrtance in exploration, preparation and uti li za tion in 
respective countries. 

The comparative petrographic studies of Australian and 
Indian coals by Marshall (1959, 1964) have demonstrated close 
affinities in physical constitution and distribution of mineral 
matter which impact on utilization. Relatively high proportion of 
ash in both coals is largely due to dispersed mineral IlBtter 
associated with lithotypes and macerals of vitrinite and 
inertinite groups. The presence of mineral matter is relatively 
rore in 'dull ' li thotypes than the 'bright' lithotypes of coal. 
The intimate association of finely dispersed mineral matter with 
inertinite group of macerals creates problell5 in washing 
processes. 

Coal is the most illq;lOrtant and readily available source of 
energy in Australia and India. In both countries it has played an 
irnportant role in economic development and industrialisation. 
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It pIOVides netallurgical coke for iron and steel nanufacture, 
gaseous fuel, a wide range of organic chemicals and a source of 
energy for electricity. 'lhe Australian overseas shiprent of coal 
has increased dranatically over the last ten years, and it has 
boosted Australian exp::lrt earnings and assisted in naintaining a 
favourable trade balance. In 1987 Australia was the 1IIOrld's 
second largest exp::lrter of coal. 'lhe Australian continent has 
about 4.0% of the 1IIOr1d's insitu dE!lCl1Strated coal reserves for a 
population of 16 million people, in contrast to the Indian coal 
reserves of 1.1% for a population of approximately 800 million 
people. 

'lhe Early Permian to Late Triassic sedinents of the Indian 
Peninsula are ccmoonly referred in literature as the Gondwana 
Supergroup (Casshyap and Tewari 1984). 'lhe Gondwana Supergroup 
consists of a 7000 m thick clastic sequence with associated coal. 
'lhe distribution of Gondwana sedinents in the Indian Peninsula 
consists of three separate elongate basins, nanely : 

(i) 'lhe Keel Dcm::dar Valley, eastern India. 

(ii) 'lhe Son-Mahanadi Valley, east-central India. 

(iii) 'lhe Pranhita-Godavari and Satpura, south-central 
and central India. 

Similar to India, the Australian black coal deposits are 
nainly of PeIl1li.an and early Mesozoic age.- 'lhe geo-tectonic 
settings of the PeIl1li.an coal basins of Australia are charac­
terised as fore deeps associated with orogenic belts (Sydney and 
Bowen Basins), and intra-cratonic basins described as grabens 
(Collie Basin) and half grabens (Perth Basin). 'lhe characteristic 
flora which oontributed to the formation of Australian and Indian 
coals has similarities and it is described as glossopteris flora. 
'lhe coal bearing sequences of both countries are It'ainlyof fluvial 
and deltaic origin, and they are characterised by the absence of 
It'arine sequences. Brief CXiIiIS.ts on geology of inqJortant 
Australian and Indian Permian basins are described in this paper. 

Sydney Basin 

'lhere were at least two periods of widespread coal formations 
in the Sydney Basin. One in the Early Permian consisting of the 
Greta Coal Measures in the northern part and the equivalent Clyde 
Coal Measures in the southern part of the basin, the second in 
the Late PeIl1li.an consisting of the Illawarra Coal Measures in the 
southern part and the Singleton Supergroup in the northern part 
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of the basin. 65% of the rreasw:ed coal resources in the Sydney 
Basin have coking properties, arvi the rest are steaming coals 
~ves et al. 1975). 

Bowen Basin 

Bowen Basin coal Ireasures occur in four stratigraphically 
distinct gIOUps. 'lbe Early Pellni.an (Group I) coals occur in the 
Reids DCIIe Beds, the Middle Pellni.an (Group II) coals occur in the 
Collinsville and Blair Athol Coal Measures arvi Alderl:laran Sand­
stone. 'lbe Late Pemian includes (Group III), the Bla~ter 
Group and (Group IV) the Baralaba Coal Measures. 'lbe Late Pellni.an 
coal Ireasures are the rrost extensive in distribution within the 
basin. '!be Bowen Basin is a najor source of high quality coking 
coal and steaming coal for exp:>rt (King 1976). 

Collie Basin 

'!be two half grabens of the Collie Basin in Western Australia 
contain about 1300 m of Early to Late Pellni.an Coal Measures. '!be 
coal is non-coking and suitable for steam generation (Sappal 

1986) . 

Other significant and yet to be explored basins of Australia 
are - Perth I2sin, carnarvon Basin, canning Basin, Bonaparte Gulf 
Basin and the Cooper Basin. 

D:mx!ar East I2sin 

'!be D:mx!ar East Basin consists of Ka:dJarbari, Barakar arvi 
Raniganj Fo:mations with inter-bedded sequence of sandstone, 
shale and coal. 'lbe basin contains twenty five seams of rrore 
than 1.2 m thickness, which occur in the Raniganj coalfield in 
West Bengal, and the Jharia coalfield in Bihar. '!be coal is of 
high-volatile bituminous rank, generally with high ash and lOW' 
sulphur content. The Jharia coal reserves represent the najor 
coking coal resources of India. 

Godavari I2sin 

'lbe age of the coal Ireasures in the basin is Early to Late 
PeDllian, arvi these have been identified over a lazge area of 
Andhra Pradesh. '!be coal Ireasures contain four nain seams which 
range in thickness fran 1 to 4 m, arvi the coal is of high 
volatile bituminous rank. 

Coal is a mixture of canbustible metarroIphosed plant rarains 
that vary in both physical and chemical ~sition. Differences 
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in the kinds of plant remains (type) and the degree of rretanor­
phism (rank), and in the range of impurities present (mineral 
natter) are characteristic of coal. 'lhe physical variations due 
to kind of plant naterial are manifested in coal as lithotypes 
(nacroscopic), nacerals and microlithotypes (microscopic). Brief 
CUlilellts on lithotypes, nacerals and mineral natter, and their 
practical imp:>rtance for Australian and Indian coals are 
des=ibed. 

Lithotypes 

Macroscopically the northern hemisphere coals have been 
described on the basis of Stopes (1919) tenninology - Vitrain, 
Clarain, Ourain and Fusain. However, these teIIns are not easily 
applicable to coals of Australia and India, because these coals 
are finely banded, and vitrain bands are usually less than 10 nm 
thick, and dull and non banded culp:JIlent is higher. Due to finer 
laminations, a snaller limit of a minimum of 5 nm is used, and 
the teIll\S CCIlIlDnly used to describe lithotypes are - dull, dull 
banded, banded, bright banded, bright and fusain for fibrous 
coal (Diessel 1965). 

'lhe lithotypes with brightest lustre in banded coals show' 
IlDreover harogeneous naceral cunposition in contrast to litho­
types with dull lustre. The physical and chemical properties of 
lithotypes differ considerably along with the distribution of 
mineral natter which largely accounts for ash content in coals. 
Table 1 shows the range of ash contents of the selected 
lithotypes of Australian and Indian coals (Marshall 1964). 

'l2\BLE 1 - CaIpari..scn of range of ash content of the lithotypes 
fran selected a:als 

Australian coals, 
Lithotypes range of ash yield % 

Vitrains < 2 - 14 
(Bright coals) 

Clarains and 2 - 22 
durcx::larains 
(Bright banded, 
banded and dull 
banded coals) 

Ourains 
(Dull coals) 

Fusains 

6 - 32 

6 - 32 
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Indian coals, 
range of ash yield % 

< 2 - 14 

2 - 22 

4 - 42 

n.a. 
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The variation in ash content of different lithotypes is 
significant in the utilization of coal. The range of ash 
content for Australian coals is lower than those of Indian 
COWlteJ:p3rts • 

Macerals 

Macerals are considered analogous to minerals of rocks, and 
on the basis of the similarity of petrograIiUc characters, the 
nacerals are g=uped into vitrinite, exinite and inertinite. 
Table 2 describes the naceral group oamposition of selected 
Australian and Indian coals. Vitrinite is an inpJrtant naceral 
group of Australian and Indian coals. The Australian coals shows 
slightly higher vitrinite content than those of Indian coals. 
Vitrinite is relatively rich in oxygen, tends to concentrate in 
particle sizes sneller than 1 mn in crushing, and contributes to 
coking ability due to high S\Velling properties and good 
plasticity. In 101-1 rank coals vitrinite is readily hydrogenata:i, 
and it represents a large p:roportion of mine dust during mining. 
Vitrinite reflectance for Indian Pennian coals is slightly higher 
than that of Australian coals, and the coals fran both countries 
fall into sub-bituminous to bituminous rank. 

Exinite g=up of nacerals result fran the accumulation of 
specific parts of plants such as sp::lres, cuticles, resins and 
waxes and algae. The exinite content in Australian coals is 
lower in canparison to Indian coals (Table 2). Exinites are rich 
in hydrogen, and the presence of exinite in coal increases the 
strength of bands in which it occurs. On carl:xmization exinite 
produces highest yield of by products, and due to high h:ydrogen 
content the coals rich in exinite are suitable for hydrogenation. 
O;;ing to their toughness, exinite group of nacerals restrict dust 
formation in mining operations. 

Inertinite group of nacerals originate fran similar plant 
retains as vitrinite, but severe biD-chemical alteration has 
occurred to a far greater extent than in case of vitrinite. The 
inertinite content of Australian coals is slightly higher than 
Indian coals (Table 2). Inertinites are rich in carbon and 
oxygen in canparison with vitrinites, but lower in volatile 
natter. The presence of inertinites increases the strength of 
bands in coal, and during carl:xmization it is generally inert in 
coking coals, and hydrogenation of inertinites is not p::l5sible 
due to 101-1 h}/drogen content. 
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TABLE 2: petrography of selected Australian and Indian 
Pennian coals, data fn:m BahJ. (1968), Pareek 
(1985), Sawal (1986) and WaJ:d (1984). 

Countty 
Basin 
Seam 

Vitrinite 
Vitrinite Exinite Inertinite Minerals Reflectance 

% % % % Rl1mx% 

AlE'JRALIA 
SYDNEY BASIN 

Bore hole 74 5 16 5 0.85 
Greta 70 11 17 2 0.63 
aIlli 45 49 6 1.24 
W:mgawilli 49 1 39 11 n.a. 

InIEN BASIN 

Black water 51 2 42 5 1.11 
Blair Athol 35 4 54 7 0.74 
Callide 29 1 59 11 0.51 

COLLIE BASIN 

Bellona 54 4 38 4 0.43 
Hebe (A) 54 4 39 3 0.44 
Wyvem 53 4 40 3 0.47 

INDIA 
DAMODAR FJ\ST BASIN 

DisheJ:gam 64 6 25 5 0.69 
Jharia 51 47 9 36 8 1.35 
Samla 60 2 34 4 1.06 
Laikidih 43 16 39 2 0.92 

GODAVARI BASIN 

Queen (B) 54 9 14 23 0.69 
Queen (M) 35 24 21 20 0.62 
King (M) 32 6 54 8 0.65 
Green (M) 23 9 63 5 0.57 
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Mineral Matter 

In addition to the organic <Xl1!IPnents (rracerals), coal 
invariably contains srraller or larger aIlDunts of inorganic 
constituents. 'lWo groups of inorganic constituents can be 
distinguished dependent on their origin. '!he first group is of 
inherent mineral rratter, 'Which is present in coal foIllli.ng plants 
and <XlIiIOIl constituents of this group are canpounds of ca, Mg, 
Fe, Al, Na, K, Mil, Ti, 5, 5i, CI and P. Sare of these elenents 
like Na, K, Mg and CI are raroved during the bio-chanical stage 
of coalification. '!he contribution rrade by the inherent mineral 
content of coal is relatively srrall, and the second group of 
inorganic constituents called adventitious rrake bulk of the 
mineral rratter in coal. 

The adventitious mineral matter in Australian and Indian 
coals has similarities to its origin and type, and the daninant 
groups are; clay minerals (kaolinite, montJrorillonite, illite, 
gibbsite etc) carbonate minerals (calcite, dolanite, ankerite and 
siderite), pyrite minerals (pyrites, and rrarcasite) and quartz 
grains impregnated in vitrinite and inertinite. '!he durains of 
Australia and India are commonly characterised by higher 
proportions of mineral matter in comparison to clarains and 
vitrains (Table 1). '!he mineral rratter associated with rraceral 
groups in Indian coals is higher than the one associated with the 
Australian coals (Table 2). 

'!he variations in petrographic ccrnposition and mineral rratter 
distribution of Australian and Indian coals have far reaching 
effects on the quality of coal and its technological behaviour. 
'!he petrographic characterisation of coals fran both =untries 
also impacts on preparation, selective marketing and utilization. 
'!he character, p=portions, distributions and associations of 
mineral rratter with lithotypes and rracerals has been a rratter of 
particular concern to both producer and consumers of Australian 
and Indian coals . 
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