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ABSTRACT
'I 

he basic parameters causing outbursts are rock

rrLrssure, gas chalacteristics and the physico-mechanical

lrroperties of the coal. 'fhe three sets of factors are to

: ,  ) r no  dc$ce  i n t c rdependen  t .

. \ t  Col l insvi l le ,  the gas character is t ics coupled wi th the

phvsico,ntechanica. l  propert ies of  the coal  appear to be the

rnajor  iactors contr ibut ing to outbursts.  The re lat ive

i rnport .ance of  rocl< pressure is  uncerta in.
'l 'he following geologicaJ parameters appear to be

lrcr'ossary hefore outbursts can occur.

I r\ coal rank greater than 1.27o vitrinite reflectance.

?. 'l 'hrust faults with throws greater than 3.0m or strike-

s l ip faul ts wi th coal  gouge wider than 0.3m.

3. Seam gas emission values greater than 1.1 cm3/g.

Ignc:ous intnrsions are the likely source of the carbon

dioxidc seanr gas.

Outbursts have occurred at  depths ranging f rom 215m

to 265nr. They occur at these relatively shallow depths

due  t o :

1. tirc high rank of coal at the present topographic

srrr face and the high coal i f icat ion gradient ;

2.  the re lat ivc ly h igh degree of  tectonic deformat ion of

thc.  st rata;

3. thc seam gas characteristics; and
-1.  lhc r ' r tent  of  igneorrs int rusions.
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INTRODUCTION

Instantareous outbursts of coal anrl gas in the Collins
ville district have been confined to the Bowen Seam and

occurred in two separate areas (Fig. 1). T'he first outbursr

occurred in the State Mine in October, 1g54. Seven men

were asphyxiated when approximately 14 000rr3 ol

carbon dioxide and 500 tonnes of coal were ejected. A
Royai Commission wiu appointed by the eueensland
Government dur ing December,  1gb4 to enquire into even[s
preceding the outburst. Details of the outburst rvere also
published by Hargraves (19b8, 196?). After the re-
commencement of mining in this area, eleven more out_
bursts were induced by shot-firing over a twelve month
per iod to March,  1961. At  that  t ime, mining ceased in the

State Mine in favour of developing the shallower non.
outburst-prone coal reserves in No. S Mine.

Development cont inued in No. 3 Mine unt i l  Apr i l  1g?2
when two small outbursts occurred. The workings harl

been developed using continuous miners and were withrn
150m of the outburst area in the State Mine.

During the period from Septenrber to November 192g,
four minor outbursts and a number of  , ,gas incidents"

were reported in No. 2 Mine. Details of selected occurr-

ences are given by Biggam, Robinson and llam (19g0).

In anticipation of outburst-prone conditions incre;sing

with depth the Collinsville Coal Company pty. Ltd. (CCFr

in early 19?9 began an extensive research program. A
significant part of the program incorporates geological

studies. The aim is to determine and predict the geological

factors contributing to outbursts and to provide basic data

with which a gas drainage and.gas monitoring program can

be designed and interpreted.
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GBNERAL GEOLOGY

GEOLOGICAL SET"TING

The Collinsville Coal Measures have been described by

Reid (1929),  Webb and Crapp (1960),  and Mengel  (19?5).

The-v have been placed in a regional context by Staines and

Koppe  (19?9 ) .

The measures are confined to, and crop out around the

northern r im of  the Bowen Basin (Fig.1) .1 Their  locat ion

on the orogenic margin of the basin has resulted in a

relatively high degree of tectonic deformation. Deforma-

tion is manifested in the nature and frequency of faulting,

the high rank of coal at the present topographic surface,

the attitude of the strata and the widespread occurrence of

igneous intrusions.

The dominant fault type is low angle reverse (thrust),

but bedding-plane and strike*lip faults are also common.

Normal faults are uncommon. The western limit to

nrining in No. 2 Mine is formed by a thrust fault with a
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maximum throw of 40m (the Three Mile Creek Fault).

The stratigraphic positions and names of coal seams in

the Collinsville Coal Measures are shown in Fig. 2. Extens-

ive underground reserves only exist for the Garrick, Bowen

and Blake Seams. The Garrick and Blake seams have

been developed to a minor degree by underground

methods.

THE BOWEN SEAM

The Bowen Seam is the most extensively mined seanr

at Collinsville. The seam has highly variable physicai and

chemical properties, and is therefore difficult to typify.

Over the CCP leases the niineable seam thickness

averages 4.5m. Around the current mining areas in No. 2

Mine, the total seam thickness averages 6.hn, The seam

dips to the south at approximately 70 and has been mined

from outcrop to a maximum depth of 280m in the No, 2

Mine. The maxiumum depth of cover over the CCP leases

is 480m.

Coal analyses from the two outburst areas (State/No. 3

Mine and No.2 Mine) are listed in Table 1. Pctrographi,-

and ultimate analyses are only available for the mining
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Fig 1 - Locality Map Fig. 2 - Coll insvil le Coal Measures
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Table 1 -- Comparison of Borven Seam analytical data in

the v ic in i ty  of  outburst  areas.

Bore

Locat ion

' [ 'h ickness (metres)

Ash irl

Inherent  Moisture %

Volat i le Matter  % (a.a.)

(  d  . a . f .  )

| ixed Carbon i6 (a.a.)

(  d . a . f .  )

Speci f ic  Energy MJ/Kg (a.a.)

( d .a . f  . )

Swel l  Index

Sulphur 1Z

Table 2 - Bowen Seam petrographic and ultimate

ana-lyses, 53 Level West, panel mining section.

UltimateTo

Carbon (d.a. f  . )

Hydrogen (d.a. f . )

Ni t rogen (d.a. f . )

Sulphur (d.a. f . )

Oxygen (d.a. f  . )

Carbonates (a.a.)

88.6

4 . 5  . 4 . 9

1 . 9  - 2 . 0

2 . 0  - 3 . 0

1 . 7  - 2 . 5

0 .04  -0 .06

Petrographic 7n

Vitrinite 24 - 48 Sclerotinite 0

Exini te 0 Micr in i te 2-4

Fusini te 0 Inertodetr in i te 5-8

Semi-fusinite 30 - 49 Mineral Matter 4 - 8

Macrinite 5 - 10 Total Inertinite 46 - 49

Table 3 -Bowen seam, g.rs composition at Outburst

No. 16 (Reference, Table 4)

7o

Carbon Dioxide 92.09

Carbon Monoxide 0.0001

Nitrogen 1.2

Methane 6.54

Hydrogen 0.01

0thane 0.067

Mining induced strain analyses are in general agreemenl

with stress measurements by Hall (unpublished data,

1978). The axis of maximum principal stress is horizontal,

trends in an east-west direction and has an average value of

15mPa ai 240m depth. This is approximately 2.2 times

greater than the vertically directed minimum principal

stress.

GEOLOGICAL CONDITIONS AT TTIE

OUTtsURST SITES

Details of strata surrounding and including the Bowen

Seam are given in Fig.4. Analytical data are listed in

Tables 1 and 2 with additional geological information in

Table 4.

THE STATE MINE

The Bowen Seam is approximately 4.7m thick and

there are two thin coal seams in the immediate roof strata

cs283
N o . 2
Mine

* 5.03

23.0

1 .2

21..O

28.3

54.8

7r .7

25.31

3 3 .9

5V,

1 .90

NS128

N o . 3
LVllne

19.2

1 .0

20.6

26.0

59.1

74.0

27.90

34.95

2Vz

0.94

*  Excluding 0.74m si l ts tone band;

a.a.  = as analysedi  d.a. f .  = dry,  ash-fvee.

sect ion in the outburst  area of  No. 2 Mine.  These are l is ted

in Table 2.

The seam gas consists predominantly of carbon dioxide

lvith nrinor amounts of methane. A seam gas analysis for

the No. 2 Mine outburst area is listed in Table 3. Some

seam gas analysos in the deep areas of No. 2 Mine workings

show apparent ly  anomalous ni t rogen contents of  up to

80'f,: 'fhe methane content appears to increase with depth

and Hargraves (196?) has estiilrated a 9095 methane

content  of  seam gases at  400m depth.

Desorbable gas contents of the coal as determined

lronr core samples vary from 2cm3 lg to as high as

24cm3 lg. These values are only an approximation due to

the di f f icul ty  in est i rnat ing the volume of  lost  gas

(McCul loch and Diamond, 1976).

Rank of the seam in No. 2 Mine as determined from

vitrinitc reflectance measurements (vitrinite A, non-

polar ised l ight)  has been increased in the upper sect ions of

the mine by the ef fects of  igneous intrusions (Fig.3) .  In

areas unaffected by intrusions, coal rank ranges from

1.07oh in the shallow parts of the mine to 1.277o in the

deepest  areas.

The Aus.  l .M.M. Southern Oueensland Branch,  The Occurrence,  Predict ion and Control  o{
Outbursts in Coal  Mines Symposium September,  1980
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'lhe 

outbursts have occurred on the northwestern

marg.n of an extensive area of partially coked Bowen

Seam. The effects of this intruded area werc noticeable in

the southeasterly corner of the State Mine workings
(Fig.  5)  whtre a 0.3 m th ick s i l l  was encountered.

A bedding-plane fault is located in the middle of the

sean and consists of  0.1 m of  myloni t ised coal .

The depth of cover in the outburst areas range from

215m to 235m. The strata d ip to the south at  ?o.

Outburst No. 1 (Table 4) was the most severe in the

cozrlfield ard occurred in a tectonically complex area.

Ilargraves (unpublished data, 1gb4) determined the

presence of a thrust fault with a bm throw occurring in

asociation with a normal fault of lm throw. Drilling by

Fig, 4 - Roof and floor strata near outburst arcas

Cribb (1956) delineated an irregular igneous inlrusion ot

up to 3m thickness, causing partia.l coking of the seam.

Outburst No. 2 occuned on the same thrust fault

which had increased in throw to 10.bn (Fig.  5) .  The faul t
zone consisted of two aimost parallel fault planes approx-
imately 1m apart. The material between the planes

consisted of highly.sheared coal. Associated with thrs

structure was a normal fault of 0.6m throw and a Sm thick

dyke (Fig. 5). Both the normal fault and the dyke have

been displaced by the reverse fault. A maximum seam gas

pressure of 300kPa was recorded in the vicinitv of the
outburst.

Outburst No's 3 to ?, 9 and 10 all occurred at different
points along a fault which has a throw ranging from 0.1m

to 0.6m. A description by Crapp (unpublished data, 1g60)

together with observations at other intersections strongly

suggests that it is a strike-slip fault with a 0.bm width coal

The Aus.  l ,M.M. southern oueensland Branch,  The occurrence,  predict ion and contro l  o{
Outbursts in Coal  Mines Symposium September,  19g0
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Fig. 5 - Fault and outburst localities, Bowen Seam, State Mine

gouge. With the except ion of  Outburst  No.10,  the roof

conditions were not adversely affected at the outburst sites

along this fault. A seam gas pressure of 310kPa was

mea-sured in the v ic in i ty  of  Outburst  No. 4.

Outburst  No. 8 occurred on a thrust  faul t  wi th a 3.2m

t,)row. Northwest and southeast of this point, the fault

decreased in throw and no further outbursts were recorded

along i t .

Outburst No's 11 and 12 occurred on structures

interpreted as strike-slip faults. Outburst No.12 was of

minor intensi ty (Table 4) .

Outburst No.13, also of minor intensity occurred in

association with an intrusive igneous body, Apart from

the ubiquitous bedding-plane fault no other faulting was

present.

NO.3  M INE

The two outbursts (No's 14 and 15,  Fig.  6,  Table 4)

occurred on the same strike-slip fault as Outburst No. 11

in the State Mine. The outbursts were minor and occurred

at a depth of 220m. The coal has a rank ot 7.29%, vitrinite

reflectance near the outburst sites.

Gas emission measurements (method by Hargraves,

1962) show an increase in "gassiness" towards the out-

burst area (Fig. 6). Gas emission values in the vicinity of

the outbursts were in excess of 1cm3 /g (Table 4 ).

The strike-slip fault was previously intersected on

many occasions in less gassy areas and no outbursts were

experienced. At the outburst sites, the fault has virtually

no throw, but is indicated by a 0.46m band of mylonitised

coal.

The occurrence of outbursts, together with roof

control problems and the experiences in the State Mine

were sufficient to halt further development in No. 3 Mine.

NO. 2 MINE

Compared to the State Mine, the outbursts in No. 2

Mine have been minor with the largest outburst ejecting

The Aus.  LM.M. Southern Oueensland Branch,  The Occurrence,  Predict ion and Control  ot
Outbursts in Coal  Mines Symposium September,  1980
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Fig. 6 '- Gas emission values, fault and outburst localities, Bowen Seam, No. 3 Mine

only 25 tonnes of coal (Table 4). Four outbursts (No's.

16,  1?,  18 and 19,  Fig.  7,  Table 4)  occurred in the 53

Level West Panel and were associated with a 6m-throw,

thrust fault. A strike-slip fault with 0.5m throw was also

associated wi th Outburst  No. 19.

A number of gas "incidents" were also reported, the

most notable occurring in the South Headings. These are

described by Biggam, Robinson and Ham (1980).

Outburst No's. 16 and 17 (Table 4) occurred at 260m

depth,  whi le No's.  18 and 19 were at  265m depth,  on the

downthrown side of the thrust fault.

Details of the geological structures associated with the

thrust fault are presented by Shepherd, Rixon and Creasey

(1980).

Gas emission values increased progressively along b3

Level West Panel up to a maximum of 1.28cm3/g in the

vicinity of the outbursts at the 6m-throw, thrust fault

(Fig.7). This rise in emission values is part of a regional

trend and was also experienced in the 56 Level West Panel

and the South Headings. Here, the maximum recorded gas

emission value was 7.73cm3 /g.

The increase in emission values corresponds to an

increase in coal rank to above 1.20olc vitrinite reflectance

(Fig.3). At the western extremity of 53 Level West Panel

and at the deepest point in the South Headings, the

vitrinite reflectance is around 1.27%.

The Bowen Seam in the deeper areas of the mine

contains an irregular siltstone band which varies markedly

in its position within the seam. At the outburst area, the

band is located 1.4m from the seam roof. To the east

the band irregularly diverges from the roof and at 180m

from the outburst area, it is 4.5m from the seam roof.

This variation is accompanied by a rapid change in coal

1 0 5

Fig. ? - Gas emission values, major faulting and outburst
localities. Bowen Seam No. 2 Mine

The Aus.  l .M.M. Southern Queensland Branch,  The Occurrence,  Predict ion and Control  of
Outbursts in Coal  Mines Symposium September.  1980
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Fig.  8 -  Vi t r in i te Content  of  the top 1.8 to 2.5 metres

of Bowen Seam, No. 2 Mine

type. At 200m east of the 6-m throw, thrust fault, the

vitrinite content of the mining section (the top 2.5m to

2.8m of the seam) is 28% and increases to a maximum of

48% near the faul t  (F ig.8) .  The increase in v i t r in i ie

content  is  confned to the lower hal f  of  the mining sect ion.

ln the vicinity of the fault, it is 637o compared to 26% in

the top section. A bedding plane fault separates the two

sections. The vitrinite-rich lower section is highly sheared.

INTERPRETATIONS

R .  J .  W I L L I A M S  a n d  J .  R O G I S

, virgin and

faulting and

to outburst

number of authors to be closely related to coal rank. 'fhe

Hardgtove Grindability Index was correlated with rank by

Van Krevelen (1961).  He showed that  the gr indabi l i ty  of

coal increases with rank up to a maximum of gff/o carbon.

An analysis of  data l is ted in Edwards (1975) showed a

clear relationship between Hardgrove i.lrindability and

rank for  Austra l ian coals (Wi l l ianrs,  unpubl ished data,

1980).

In the Soviet Union trnd Czechoslovakia it is an
"established fact" that the degree of outburst proneness

var ies smoothly wi th increasing rank (Nikol in,  1974).  A

quantitative relationship has been determined between

outburst potential and coa.l rank. This relationship is

regarded as the basis for a method of regional forecasting.

Outbursts have only occurred in the Bowen Seanr

when the rank o[ the coal has exceeded 1.2!? vitrinite

reflectance. The relationship between a gas d1'namrc

parameter (emission value) and coal rarl< is shown by

comparing Fig. 3 and 7. The sudden increase in gas

emission values in the lower area of No. 2 Mine occurs

at the point where the coal rank exceeds 1.27o vitrinite

reflectance. A similar relationship was shown for No. 3

Mine (Williams, unpublished data, 1980).

The effect of coal type on mechanica.l strength was

demonstrated in No. 2 Mine where intense fracturing was

mostly confined to the high vitrinite coal. It is possible

that  Outburst  No.16 may not  have occurred wi thout

the rapid increase in vitrinite content and concomitart

fracturing towards the outburst site (Fig. 8).

ROCK STRESS

Rock stress is generally cited as an important outburst-

ing parameter,  but  i t  is  of ten di f f icul t  to evaluatc in

outburst analysis. Ground conditions in No.2 Mine are

generally very good and sigas of high stress in the form of

roadway failure are uncommon. Low stress levels are also

indicated by a lack of rock noise during microseisnric

monitoring trials. The outbursts in No. 2 Mine appear to

be more of a gas-burst is opposed to the wholly stress-

initiated rock-burst.

Roof failures in the outbursting areas of the No. 3 and

State Mines were much more common than in No. 2 Mine

It is likely that rock pressures were higher and did con-

Coal rank and type, seant "gassiness"

mining-induced rock stresses, the nature of

igneous intrustions all appear to contribute

proness in varying degrees.

COAL  RANK ANDTYPE

The level of coal rank was shown by Ettinger (1952)

and Ettinger et al (1966) to be an important parameter in

determining the potential gassiness of a coal seam. Ettinger

ct al (1966) showed that for carbon dioxide the gas

sorbtion capacity depended only upon rank. The rate of

gas desorbtion was shown to be dependent upon coal type

and rank and the gas composi t ion.

The mechanical strength of coal has been shown by a
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t r ibute to the more f requent and intense outbursts.

It is doubtful whether the Little Bowen Seam

(! ' ie .4. l )  contr ibuted to the outburst  proneness in the

No. 3 and State Mines. Accoults of high gas flows from

this seam probably ref lect  a sudden increase in roof

strata permeability brought about by progressive upward

fracturirrg (and destressing) under high lateral stress. The

gas flows are more an effect than a cause of roof

instabi l i tv .

I.'AUI,TINC;

The association of zones of sheared coal and outbursts

testifies to the irnportance of faulting :s a major con-

tributing factor to outbursts at Collinsville.

Ilnrpirical data indicate that for an outburst to occur

on a laul t ,  the gas condi t ions of  the faul ted coal  must  De

above a r :er ta in threshold.  An outburst  wi l l  not  rxcur

i f  there is  insuf f ic ient  gas t rapped in the coal  gouge. Faul ts

on rvhich outbursts have occurred in gassy areas have been

ncgot iated wi thout  inc ident  in low gas areas.  This is

exempl i f ied in No. 3 Mine where outbursts have only

occurred on the strike-slip fault where the gas emission

values have exceeded 1.1cm3/g (Fig.6) .  The thrust  faul t

in the State Mine on which Outburst  No's.  1 and 2

occurred, was repeatedly intersected in the shallower

rvork ings rv i thout  inc ident .

Whi le the degree of  coal  myloni t izat ion requis i te to

outbursting requires seam dislocations, not all faults

produce outbursts, even in outburst-prone areas. It

appears that on some faults, the intensity and regularity of

outbursting is greater than on others. This variation is

part ly  due to d i f ferences in the way mining is  carr ied out

and to fundarnental  geological  d i f ferences.  Or.r tbursts have

occurred in 65f ,1,  of  the roadways intersect ihg str ike-s l ip

faults in outburst-prone areas. In compiuison, there is

onlv a 3012,, outburst incidence in roadlvays intersecting

thrust faLrlts. Lateral displacement was probably of

considerable magni tude to produce the 0.5 to 0.6m wide

coal gouge zones associated with the strike*lip faults in

No.3 and the State Mines.  Str ike-s l ip faul ts have been

encountered in the high gas areas of No. 2 l\4ine and were

not outburst .prone.  The coal  gouge associated wi th these

faul ts was only 0.05m thick.

R .  J .  W ILL IAMS and  J .  ROGIS

The higher frequency of outbursting on strike-slip

faults may be largely explained by the generation of coal

gouge within the plane of the seam. It could be argued.

that for a displacement in excess of the seam thickncss.

more coal gouge worlld be generated bv a strike-slip Iault

than by a thrust fault. A thrust fault woulcl generate mr)re

coal gouge than a normal fault for the same mechanical

properties and stress difference. Mapping by Shepherd,

Rixon and Creasey (1980), revealed the high complexiry

of shearing associated with thrust faults. In view of this, rt

is not surprising that large variations in outburst intensiLl

and frequency occur on thrust faults. Strike-slip faults,

with a more even fault gouge distribution are more con-

sistent in their outburst proneness. This is dernonstrated

by the outburst-prone, strike-slip faults at Westcliff

Colliery (Marshall, Griffiths and Lanra, 1980) and rhe

regular incidence of outbursts along the strike-slip fault in

the State Mine.

While strike-slip faults are associated with a high

frequency of outbursting, the largest outbursts occurred

on a thrust fault (Outburst No's. 1 and 2, Table 4, Fie. 5).

The two thrust faults in the State Mine were apparentlv

mined across from the up-thrown to the down-thrown sitle

except for Outburst No. 2. The intensity of this outburst

was probably increased by mining through it from the

dolvn-thrown side resulting in the outburst being gravity

assisted. No outbursts have been recorded on thrust faul*

in outburst-prone areas where the fault throw is less than

,J.Um.

The fault designated as "normal" in the Statc N,line

experienced no outbursts despite a maximum throw or

2.0m. llhe lack of outburst-proneness may be accounted

for  by a smal ler  d isplacement compared wi th the str ike,s l ip

and thrust faults.

IGNEOUS INTRUSIONS

The State Mine has experienced by far the most

intense and frequent outbursts and is located on th.

western margin of an extensiye area of igneous intrusion.

Intrusions were associated with Outburst No's 1. 2. 12 and

13 .

T'here are indications in No. 2 Mine, that high gas areas

may be associated with igneous intrusions. In the No.2
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Mine area, the gas content of the intruded Blake Seam is

always higher than that of the overlying Bowen Seam.

Igneous intrusions possibly affect outburst proneness

in the fo l lowing waYs.

1. Gas contents and desorbtion rates are increased

because of the higher rank coal.

2. Carbon isotope work by the Commonwealth Scientific

and Industrial Research Organisation (Smith and

Gould, unpublished data, 1979) indicates a likely

igneous origin for the carbon dioxide. If this deduct'

ion is correct then depending upon petmeability

characteristics, greater volumes of carbon dioxide

would be stored in the coal surrounding these bodies.

Coal has a greater sorbtion capacity and desorbtion

rate for carbon dioxide than for methane.

CONCLUSIONS

The natural conditions leading to outbursts at Collins'

ville form a complex set of geological parameters. In its

simplest form, high gas conditions in combination with

faulting directly lead to outbursting conditions. The

relative importance of rock stress is uncertain.

The values and parameters listed below are tentative

and summarise the geological requirements for outburst

proneness to date.

1. Seam gas properties:

-  emission value greater  than 1.1cm3/g,

coal rank greater than 1.27o vitrinite reflectance,

- desorbable gas content greater than ?m3 /t lapprox-

imate).  and

- gas composition ' dominantly carbon dioxide.

2.  Faul t ing:

- strike-slip with a coal gouge width greater than

0.3m, and

- thrust faults with throws greater than 3m.

3. Other contributing factors:

- high vitrinite content,

- proximal igneous intrusions, and depth of cover

greater than 210m.

By virtue of its relationship to "gassiness", coal

strength and geological deformation, coal rank shows

promise as a regional outburst proneness indicator at

Collinsville. The high level of rank at the present topo-

graphic surface and the high coalification gradient appear

to have laid the foundation for the outburst-prone condi-

tions at relatively shallow depths.

Faulting, in association with high gas, has directly

promoted outbursting conditions. The amount and

regularity of coal mylonitization is thought to explain the

varying outburst response on different faults in the same

outburst area. Strike-slip faults with coal gouge zones

around 0.5m thick have resulted in the greatest regularity

and frequency of outbursts. Thrust faults with throws of

greater than 3m have had outbursts associated with them.

The most severe outbursts oceurred on a thrust fault which

was associated with an igneous intrusion and a normal

fault. Normal faults with throws up to at least 2m do not

appear to be outburst-prone.

Variations in the character of outbursts around faults

could also be explained by differing stress patterns occurr-

ing in their proximity. Sttess conditions in the State and

No. 3 Mines appear to have been more important in

outbursting and ground stability generally than in No.2

Mine.

A rapid variation in coal type toward a vitrinite rich

coal was an important contributing factor to Outburst No.

16. Because the Bowen Seam is particularly variable

in coal type, the determination of areal outburst proneness

should include a study of coal type variations.

It is possible that areas associated with igneous intru'

sions are more outburst ptone because coal rank is in-

creased in the vicinity of intrusions, and these intrusions

may be a source of the carbon dioxide.
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