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ﬁBSTRACT

The problem was investigated under the auspices of
the Geological gurvey of Canada in an attempt to evaluate
the relation of geologic structure to the mining practices
which gives rise to occurrences of violent relief of stress.
An understanding qf this problem is impsrative to the winning
of coal at depth.

The faulted and drag-Tolded condition of the seams
in the Crowsnest and Cascade coal areas may be interpreted
by the mechanics of shear-thrusting. Gentle flexing of the
overthrust masses was effcetcd through similar folding for
the combined series of competent ahd incompe tent unitse.

Alternate stretching and compression of the
Kootenay formation at Coleman and Canmore resulted in the
development of an abundance of extension and contraction
faults transecting the seams, and a sheared condition within
the coal. Frictional resistance tended to retard those beds
in the overriding masses closest to the thrust planes so
that in'every instance the upper beds moved slightly further
to the east relative to those below them. Consistent drag-
fold pétterns within the coal seams were the result,

. The fractured and sheared condition of the coal
is all important in governing the stress relief.charac-
teristics 6f the seams. Bump phenomena occur only in
strucﬁurally strong coals, whereas blowouts have been ex~

perienced where‘the seams are both sheared and unsheared.



In contrast to violent bumps which show a del'inite lncrease
in frequency with depth, beginning at a cover interval of
avout 500 feet, blowouts first occur at about the same depth,
but after reaching a maximum frequency between 700 and 1100
feelt, show a marked decrease at progressively greater cover
intervals to the point where no blowouts are recorded in the
1 Tast mine, Coal Cresk, at 2000 feect,

Whereas a bump condition is created by faulty
mining practices which result in the failure of overstressed
"coal in abutment zones, a8 bhlowont condition is believed to
be due In part to redistribution of stresses associated with
the advance of the working face, and in part to the physical-
chemical relation of the coal to the associated gases.,
Secular strain is not believed to be & primary factof in the

genesis of violent stress relief phenomena.
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STRUCTURAL CONDITIONS AND VIOLENT STRESS RELIEF
IN COAL MINES OF
THE SOUTHERN CANADIAN CORDILLERA

I. INTRCDUCTION

Coal mining in strueturally complex belts is pre-
sented with innumerable problems not encountered in the
exploitation of flat, undisturbed seams, It is the purpose
of this thesis to interpret the relation of struecture to the
mining practices which give rise to the problem of violent
stress relief,

Upturning and overriding of beds during an orogeny.
followed by ercsional dissection, results in the frequent
occurrence of seams dipping into mountain sides. The com-
bination of a dipping seam and a rugged topography is ideal
for rapid increase 1n cover interval, so that in tectonically
disturbed ground a considerable pbrtion of coal mining
activities is carried on under depths of cover of several
hundred feet.

| Deformatlon of the seams has resulted in many
instances in radical changes in the nature of the coal and
the aésociated rocks. Intense shearihg of the coal frequently
has completely destroyed any remnants of original bedding or
cleat. Thrust, reverse and normal faulting hgve 80 complétely
fractured the coal-bearing strata that rocks overlying the
seams are unable to support themselves over large spanse.

Pre~fracturing of the strata is therefore favorable to
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extensive caving of extracted areas and to minimizing
transfer of load to the unmined coal, This 'conditioning!?
of the sesms and the agsoclated rocks is 8ll Important in
governing the vlolent stress relief characteristlics of the
coal.

The challenge for an adequate solution to the
stress problem in coal mines has besn stimulated by the fact
that it is a difficulty encountered the world over in Qrogenic
belts, In spite of more than a century of active exploi-
tation of seams subject to occurrencses of violent stress
relief, there is tremendous diversity of opinion as to safse
and econonical methods of extracting such cosl,

Thus far the tendency has been to exploit those
seams and segments thereof which are most accessible and
least disturbed tectonically. 1In orogenic belts, however,
such coal 1is quite limited, and inevitably operations must
be pushed into more difficult ground. An intimate knowledge
of geologic structure both regionally and within the mines
is needed for successful operations in orogenic belts,

It was because of these considerations that the
Government of Canada undertook a systematic investigation of
the complex relation of coal mining practices and structure
with particular emphaéis on the problem of violent stress
rellef. As the purely theoretical aspects of stress dis-
tribution about mine openings have been extensively

investigated, the approach adopted was a practical and
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empirical one in which the mine was the laboratory.

The strain characteristics of coal and associated
rocks were investigated by physicists of the Physical
Metallurgy Research Laboratories. Precise leveling and
convergence surveys were conductad by mining englanesrs of
the Fuels Division in order to study the influencs of mining
on absolute mcvement of strata in the immnediate vicinity of
seams. The wrlter undertook a detailed study of regional
structure in relation %o the character of the seams being
investigated by the aforementionéd physicists and mining
engineers. Close cooperation of all concerned facilitated
8 betler understanding ol the influence of geology on the
profitable exploitation of coal at depth.

As should be expected the final answers tolproblems
which .have confronted the coal mining industry for more than
a century were not forthcoming in the course of the first
éighteen months of investigation. Considerable light has
been shed on the subject however, and it is the geological

aspects of the progress which form the body of this thesis.

Il. STRATIGRAPHY

The Table of Formatlions (tab. 1, app.) will fa-
miliarize the reader with the sequence of rocks encountered
in the various coal fields of the Canadian Cordillera and
will aid in the correlation of the coal-bearing strata at
the different mines. Thicknesses are taken from the desig-

nated authorities. The writer supplemented stratigraphic
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date in the Coieman area, where by far the most detailed
studies of stratigraphy and structure were conducted..

A gredual thinning of the formations from west
t0 east hes been discussed by MacKay (1933), Beach (1943),
Crockford (1$49), Douglas (1950a), and others., Thus in
the Coleman area where more than one fault slice is con-
sidered a corresponding number of thickncsses 1s given,
as successive slices expose different segments of the
stratigraphlc sequence,

of the totsal strétigpaphic column the only com-

mercially exploitable coal seams are contained in the Belly
River and Kootenay formations in the southern portion of
the Canadian Cordillera, and the Paskapoo and the Luscar
formations in the Central Foothills (Nordegg, &lberté). On
the south-west side of the Fernie Basin (Coal Creek Collieries)
the four thousand feet of Kootenay includes about twenty-three
éoal seams (medium volatile bituminous) having a total thick-
ness of 170 feet (MacKay, 1932); of these a half dozenvhave
been mined at intervals in the past fifty years. Farther to
the east, and beyond the main range of the Rockies, two
seams have been worked extensively 1n the Coleman area. Here
approximately 15 feet of coal (medium volatile bituminous)
is included in the 565 feet of Kootenay which have been
brought to the surface on the Coleman fault. At Canmore on
the other handksome 3400 feet of Kootenay contain in the

neighborhood of 20 seams amounting to a little over 60 feet
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of coal (low volotile biltuminous and semianthraclte).
Mining operations have been carrled on in about five of
these seams. The Luscar formation at Nordegg contains at
least five seams (low volatlile bituminous) of whilch two are
commercially exploitable, the upper averaging 13 feet in
thickness, the lower about 6 feet. From MacKay's cross-
section (Machay, L941) the estimated thickness of the Luscar
is about 1700 feet.

Late Cretaceous and Paleocene coals are not being.
worked in the Canadian Cordillera. ILimited coal deposits
of the Belly River formation outecrop along the east flank
of the main range of the Rockies in the Crowsnest Pass;
one five foot seam (high volatile A bituminous) was worked
some years ago by the Canadian~American Coal Company.
Moreover a few miles east of Nordegg, Alberta, Paskapoo
coals (five principal seams, high volatile €. bituminous,
ranging in thickness from one to six feet) were mined
spasmodically until 1950. |

As might be expected those deposits closest to
the source of sediments are the thickest and contain the
greatest proportion of coarse detritus. In the Fernie
Basin for example, intsrbedded coarse- to fine-grained sand-
stones and chert pebble conglomerates toward the top of
the coal-bearing sequence are the forerunner of the massive
sandstone and conglomerates of the overlying Blairmore

formation. Conformably underlylng the Kootenay are the
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derk gray, silty, marine shales ol the iernie rormétiona
Farther east at Coleman however, the top of the
Jootenay is characterized by dark gray to black shales and
in places a massive, hard, coarse-gralned sandstone. The
contact with the Blairmore 1s unconformabtle as Indicated
Ly the variation in stratigraphic interval between the
Mumber 2 seam and the bassl ronglomersle ot ths Rlalrnmore,
#lgure 2 was compiled from a series of sections measured
along the strike at the outcrop., It will be noted that this
interval ranges from 78 feet at Prospect 5, to 12 feet at
Number 1 Fan, McGilllvray mine, to 33 feet at Prospect 2l
at the extreme northern end of the seam. Vithin the
McGillivray mine the basal Blalrmore conglomerate is in
contact with the Number 2 seam at a few points. This massive
chert and quartzite pebble conglomerate is found to vary in
thickness from 10 to 35 feet.
| Irregular conditions of deposition within the
Kootenay are exemplified by the progressive northerly
thinning and final disappearance of the Number 2 seam, with
a gradual predomihance of hard, blocky, cross-bedded, coarse-
grained sandstone. Moreover the 90 foot interval of black,
carbonaceous, and silty, gray, thinly bedded shale between
the Number 2 and U seams toward the northern end of the
McGillivray workings reduces to the point where the two seams
merge in Internatlional Pit 3. This convergence of the seams

is portrayed in figure 6, a geologic map of that part of the
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Kootenay formation in the viginity of Coleman, Alterta.

In the Coleman area the Kootenay formation is
conposed of massive-bedded, cross-bedded coarse-gralned,
gray, rusty brown weathering sandstone; interbedded flaggy
to thinly bedded, gritty, dark gray, rusty brown weathering
shale and flaggy, to blocky, fine-to medium-gralined, cross-
bedded, gray sandstone; gray, silty, thinly boedded shales;
and three coal seams of commercial significance. As the
various sandstone and shale beds grade erratically into one
another, the Number 2 and L seams are the only beds within
the Kootenay that are of any use aa markers throughout the
extent oI the underground worklings. 3JSome reserve should be
used when referring to figure 3, a presentation of the only
complete section of the Kootenay, as exposed on York Creek,
three mlles south of Coleman.

Unlike the depositional contact at the base of the
Kbotenay at Fernle, the coal-bearing sequence at Coleman is
underlain by a major thrust fault (the Coleman fault) along
which the Kootenay has overriden the Belly River formation
some 7500 feet higher in the section.

At Canmore in the Cascade Coal Basin, outcrops of
the Kootenay are few and fragmentary so that familiarity
with the stratigraphy here is dependent largely on the Mount
Allan section about six miles to the south-east, described
by Crockford (1949, pp. 32-34). The interbedded dark gray
to black, fissile, silty shales; black carbonaceous shales;
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dark gray to black sllitstones; [lne-to coarse-gralned, cross-
”bedded, rusty brown weathering sandstone; chert and quartzlte
pebble conglomerates; and abundant coal seams are litholo-
glcally analogous to the coal=-bearing sequence exposed In the
f'ernie Basin. AU Canmore alsc the Kootenay is underlain by
the silty, dark gray shales of the Fernie formation.

The coal-bearing sequences at lernie, Coleman, and
Canmore are all below the basal conglomerate of the Blairmore
formation. At Nordegg however, the coal-bearing Luscar
formation lies above what is considered to be the time and
lithologic equivalent of the Blairmore conglomerate (the
Cadomin conglomerate). Although generally poorly exposed,
the Luscar is known from exploratory dfilling to consist
largely of interbedded platy, cross-bedded, medium-grained
Sandstone, s8ilty shales and black, carbonaceous shales, much

as in the Kootenay formation.

IIT« STRUCTURAL GLOLOGY

General Statement

In the limited time available to the writer detailed
studies of regional structure were restricted to the Coleman
and Canmore areas (Alberta), while underground studies were
limited to four mines -.of Elk River Colliseries, British
Columbia; two mines of Coleman Collieries, Coleman, Alberta;
two mines of Canmore Mlnes Limited, Canmore, Alberta, and two
mines of Brazeau Collieries, Nordegg, Albsrta. Figure 1

shows the geographic distributlion of these localities. Not
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all of these mines have been sub ject to occurrences of vio-
lent stress reliei. Howsever, 1in order to evalusate ths
influence of structure on such 6ccurrences it vas necessary
to compare anda contrast structural differences within mines
in the same as well as in dirfersnt tesctonic units, Signi-
fleant variations in structure and physical makeup of the
seans were helpful in explaining why all collieries within
g glven unit were not subject to violent stresss relief
OLCUrTrEences.

The problem of establishing the general struciural
pattern within the mines examined was alfficult because of
the 1naccessibillty of large portions oi some workings. After
the coal has been mined out, the arsa is immedlately abandoned,
and the consequent caving of the super jacent strata renders
it inaccesible. Hence the only parts of & given mine within
reach are the active workings, which include main haulage-
ways, airways, and freshly driven openings in areas heing
prepared for complete extraction. Even in haulageways
considerable difficulty 1s encountered because of incessant
convergence of roof and floor. This convergence necessltates
a continual blasting away of strata in the hanging-wall and
foot-wall in order to maintain adequate height for mcvement
of mine cars, locomotives and mining machinery. Hence in
many instances structural features in strata contiguous to
a seam are made exceedingly difficult to discern.

In thick seams or swelled areas of thin seams it

is common practice in the course of cutting the coal bed into
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plllars to drive openings 1in the upper portiocns of the seams,
Thus structural studies are confined to the roof stréta and
the top few feet of coal., It is only at the extraction line
of thick ccal that one is able to study the deformation of
roof and floor‘simultaneouslym This is a decided disadvan-
tage, as will be seen later, in establishing whether faults
observed in the roof actually transect the seam, and in the
eventuality that they can be positively identified in the
floor, whether or not there has been any displacement of the
counterparts in the plane of the ssean.

Morsover it has not been the practice of the cosl
operators to maintaln a systematic record of structural
features encountered in the course of mining operations.

The progressive invasion of new parts of seams with abandon-
ment of worked out areas has resulted in conslderable loss

of structural data for large portions of the mines.

The Fernie Coal Area

This region may be divided physiographically into
two parts, the Lizard Range to the west, and that part of the
Fernie Basin which abuts against it. Structurally the<reason
for these subdivisions 1s the existence of & major, folded,
generally west-dipping thrust fault, the surface trace of
which extends for miles along the west side of the Elk Riﬁer
Valley. Upper Devonian and Mississippian limestones, thrust
'eastward over thg Fernie shales for considerablebdistances,

present two contrasting lithologies.
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Tha‘Elk River through incising deeply the rela-
tively incompétent units beneath the thrust has accentuated
the physiography and added to the grandeur of such peaks as
Hosmer and Trinity Peak in the Lizard Range. In addlilion
the more resistant sandstones and conglomerates of the
eastwardly dipping Kootenay and Blalrmore formations stand
out in bold relief along the east side of the valley.

These massive units of the Lower Cretaceous have been dis-
connected from thelir westward extensions. It is the cutting
down by the Elk River and its tributaries which is responsible
for the extensive exposures of coal seams along the west side
of the Fernle Basin.

The present gentle eastward tilt of the Kootenay
and Blairmore strata of the west side of the Fernie Basin
is believed to be due in large part to folding benéath this
ma jor thrust plane. Immediately to the west of Mount Hosmer
the thrust is observed to cut rapidly up section in the under=
lying strata thrOugh the massive, laté Paleozoic limestones
and quartzites prior to its flattening out in the Fernie-
Kootenay zone of bedding-plane slippage under Hosmer. The
compressive force transmitted by the overthrust mass against
this steeper segment of the fault plane is believed to
have been responsibla.ror the foldlng underneath the fault.

Mining operations at the Elk River Collieries,
three miles from Fernie, are presently conducted in the five

uppermost, economically exploitable secams on the south side
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of the valley of Coal Creek. The gentle easterly dip of
Kootenay and Blairmore strata ranges from about 30 degrees
at the odtcrop on the easf side of the Elk River Valley to
a gently undulating condition within a few mlles to the
east, The basin-like form is excellently revealed by the
more weather-resistant sandstones and conglomerates on both
sides of the valley of (Coal Creek.

Underground studies included a detailed mapping
(scale: 100 feet to the inch) of the Number 1 East, 9, U,
and 3 mines. As only limited sections of the seams are
-accessible, the acguired data are merely a seample from the
overall picture. However a consistent pattern of deformation
was encountered throughout all the seams investigated, and
it is believed that this sampling must be fairly repfesen-
tative of actual structural conditions within the #arious
seams.

The Number 1 East mine is operated in the Number
10 seam, the highest workable seam in the Kootenay formatioh
on the valley slopes of Coal Creek. Only the outer fringe
of this‘mine was accesslble because of the hazard of violent
relief of stress. Unfortunately very little data are avail-
able on structural conditions in the inner workings of this
mine beyond a survey of elevations of the roof of the seam
at various points. Roof contours however reveal a relatively
horigontal, undulating condition throughout the seam. In

the outer workings only one fault, a normal fault with maximum
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stratigraphic throw of six feet, was encountered. It was
traceable for about 800 feet along the strike of the seam.
As will be seen in part VII the 1 East mine is of great
importance in the problem of violent relief of stress.

Insofar as the Number 9, li, and 3 mines are con-
cerned, the deformation of the seams is so very much alike
that a detailea disgcuscsion of the last named mine will suf-
fice for all three., -

Reference to figure i, a structure map of this seam,
will reveal the generally uniform dip of around 20 degrees,
and in certain sections, particularly the Number I Incline,
the workings southward from the top of this incline, and the
Number 8 Incline, the profusion of faults. In the first two
instances faults within the respective clusters have common
trends while in the B Incline section the pattern of traces
is not so definite. A very high percentage of faults are
eitensional features. Note that the orientation of a fault
on the map 1s a projection into the horizontal of the trace
of the fault on the roof of the seam.

As there is good reason to believe that the coal-
bearing sequence was subjected to some rotation during the
period of development of many of these faults, the writer
prefers to avoid the uée of the normal and reverse concept
as applied to faulting within the mines? and to use the
bedding across which the faults transect as the datum plane.

Thus those faults permitting an extension in the plane of the
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pedding will be referred to as extension faults, whereas
the reverse type of phenomenon will be referred to as con-
traction faults. With this designation, nc implication 1s
made. ag to the genesis of these features.

Although ranging in stratigraphic throw from neg-
ligible displacement to twelve feet, the extension faults
which have been mapped have an average throw of from two to
three feet. Contraction faults on the other hand are
characterized by much larger throws, commonly from ten to
twenty feet. Many of these faults are not traceable from
the roof into the floor of the seam. The faults indicated
on the structure map (fig. L) are only those found in the
roof. As the Number 3 seam ranges in thickness from ten to
twenty feet, unless the total height of the seam is mined out,
the structures in the floor are of course, not visible., More-
over in many instances where the total thickness of the seam
is mined out, the corresponding segment of a fault in the
floor is conspicuously absent. In addition, the roof of the
seam ( and presumably the floor) is cut by innumerable ex-
tension faults of very small displacement (less than one
inch) and exéeedingly irregular trace. 8o abundant are these
minor features and so irregular is their pattern that no
attempt has been made to map them.

Aslde from these offsets in the roof and floor, the
seam itself has been subjected to intensive shearing which

has resulted in most places in a complete disappearance of
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any original cleat. Moreovor this shoaring motion has pro-
duced abundant polish and slickensides on the roof of the
seam. Note from figure L that slickensiding on the roof

and drag-foldas within the coal indicaste s motion of the
hanging-wall up the dip relative to the seam during the
period of deformation. In those areas where caving has taken
place abtundant evidence of bedding-plans slippaze was found
within the super jacent strata, the slickensiding in all cases
paralleling that on the roof of the seam. This testimony in
combination with axlal thickening of the coal in folds
suggests that during the period of flexing, the coal-bearing
sequence tended to produce similar folds.

As the reader is already aware, a number of in-
teresting problems relating to the mechanics of seam defor-
mation have been dbrought to mind. JAfter a discussion of
the other areas examlned an attempt will be made to interpret
ﬁhese features in terms of the regional structure of the

respective arsas (sSee pt. III).

The Crowsnest Coal Area

The area under consideration is located along the
western margin of the Disturbed Belt, that major tectonic
subdivision lying between the main range of the Rockles and
the Alberta Syncline. It is roughly divisible into two parts,
an inner, or western area of low relief containing the head-

waters of the Crowsnest River, and an outer, or eastern system
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of mountaihs containing the Blairmore and Livingstone Ranges,
Wihereas massive, late Paleozoic limestones, dolomites and
quartzites form the core of tThe outer ranges, the inner area
consists largely of sandstones, shales and coal seams of
Mesozolc age.

To famliliarize the reader with the structure in
the vicinity of Coleman, reference is made to figure 5, a
cross-gection from Crowsnest Lake on the west to Bluff
Mountain on the east, a distance of eleven miles (see fig. 1_
for geographic location of the section).

Movement on the Lewls thrust during the Laramide
orogeny 1s responsible for the present disposition of Upper
Devonian limestbnes over moderately disturbed sandstones of
the Upper Cretaceous age. Note that the thrust plane
parallels the bedding of the Devonian sediments sbove, but
cuts through the underlying Belly River sandstones at a
moderate angle; the inference is that the latter are cut
off a few thousand feet down the dip of the fault plane.
That the thrust may pass falirly rapidly through the Belly
River is substantiated by the fact that ten miles to the
south Crockford (1951) found pre-Belly River sediments and
volcanics faulted in between the Belly River, and the Beltian
and Paleozoic rocks of the Flathead Range.

Crowsnest Mountain, a klippe, has been projected‘
five xﬁiles in a direction § 10° K, ‘the general trend of the

structures in this area, into the line of section; As there
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is no radical change in the structure over this distsnce, it
is felt that such a projection is Justified.

'Between Crowsnest ILake and the klippe, the Lewis
thrust plane has cubl up seclbion conslderably 1n the overlying
mass 80 thet whereas some 2600 feet of Devonian sediments
are observed above the fault at the lake, only MOC feet are
to bs found on Crowsnest Mountain. Morcover within the first
half mile along the trace of the Lewis thrust to the north
of Crovsnegt Lake approximatsly 300 feet of the lowest
Devonian beds are cut out. This cutting up section of the
thrust plane to the east and north is consistent with the
findings of Douglas (1950a, pp. 86-87) on Tornado Mountain,
20 mlles north of Crowsnest Lake. Here the Lewls thrust is
within the upper 1000 feet of Devonian strata along the east
flank of the High Rock Range. In passing across thé valley
of Duteh Creek into Tornado Mountain the fault plane cuts
up section in the overthrust mass into the base of the Banff
formation.

Where the Lewis thrust passes from the Devonian
into the basal Banff on Tornado Mountain, an anticline was
formed with a gontle synclinec immediately to the east of ita
The axes of thesé folds coincide with the axes of folds in
the beds underlying thé fault. The analogy with the structure
involving Crowsnest Mountain is immediately apparent. In
order to cut out such a large section of Devonian strata

between the present front of the main range and the klippe,

ra



-19-

as well as to produce a bedding~plane fault on the klippe,
it is necessary to fold the beds above the fault into an
anticline with an equally gentle syncline to the east of
its Over and above this initial I'lexing required oI the
beds in the overthrust mass, the fault plane is i'olded to
roughly the same degree as the beds above and below 1t.

It is apparent then that this accentuation of the folds
above the fault plane in assoclation with the flexing of
the underlying mass must have taken place simultaneously,
and that the flexing must have been initiated by folding of
the Upper Cretaceous strata below the thrust plane.

Between Crowsnest Lake and Coleman is a relatively
undisturbed sequence of westward dipping Cretacecus sediments
and volcanics. This sequence from the Belly River formation
to the Kootenay has been thrust on to the Belly River by
the Coleman fault. Again note that the thrust plane is about
pérallel to the beds in the overthrust mass and cuts down
section through the strata in the underlying hlock. That
the fault must cut down section at depth through the Belly
River is borne ouﬁ by the occurrence of thin slices of the
Crowsnest, Waplabl, and Blairmore formations between the
Kootenay and the Belly River at several points along the
trace of the thrust pléne (see fig. 6).

For considerable distances in the vicinity of
Coleman the thrust is localized as a zone of bedding-plane

slippage in the Number 5 coal seam. An alrway in the
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International mine follows this zone for 2000 feet up the

dip. Reference to figure 6, a geologic map of the coal-
bearing sequence in which the MeGillivray and International
mines are respectively located, will illustrate this pointa.

The Coleman fault is particularly interesting in

that its behavior is known in detail throughout its length.
The break begins within the Kootenay formation in the eXxtrsme
north-west corner of the Mount Head Map Area (Douglas, 1950b),
at a point about 60 miles north of (oleman. Whereas it ‘

remains a bedding-plane feature relative to the overthrust

mass almost throughout the entire length of the break, below
the fault plane it cuts up section toward the south. Thus
in the vicinity of Coleman the Kootenay and formations above
it in the sequence have been thrust over the Belly Rivere.
About five miles south of Coleman however, the fault plane

cuts down section in the underlying mass through Belly River

strata into Wapiabl so that in this region Kootenay lies over
Wapiabi. Moreover in the Carbondale River area (Crockford,
1951), thirteen miles south of Coleman, the fault passes

rapidly upwards in the overthrust mass through the Blairmore

and Crowsnest formations into the Wapiabi so that within

three miles along the trace of the fault the stratigraphic
throw is reduced to zefo and the rault dies out in the Wapiabi.
Briefly then, throughout the seventy-five miles over which

the Coleman fault may be traced, the thrust plane has Kootenay

above it for all but the last five miles or so where the fault
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cuts upwards through the overthrust mass intu the wapiabil,
Below the fault however occurs a regular succession of
formations beginning at its northern extremity with the
Kootenay, peassing upward into the Belly River and then down
section into the wapiabi where the stratigrapnic throw
diminishes to zero a few miles south of the Carbondale River,
the next fault slice to the easlt ol Coleman is
contalned between the Coleman fault on the west and the
Mutz fault on the east, and consists of a regular succession
of westward dipping Cretaceous strata from the Belly River
through to the Blairmore. Associated with this passage
through successlively older rformations is a regular Iincrease
in dip from 22° in the Belly River formation close to the
Coleman fault to 55° to 60° within the Blairmore.,

The behavior of the Mutz fault along its surface
trace in a southerly direction is an excellent illustration
of the concept proposed by Rich (1934, pp. 1589-90) of the
control by competency of units in a stratigraphic sequence
on the path of a low-angle thrust plane through it. The
initial break begins about six miles north of the line of
sectlon in figure 5 in the sandy shales of the Blackstone
formation, where because of poor ocutcrops the attitude of
the thrust cannot be éscertained. However within five
miles the fault has cut down section both above and below
the slip plane into the massive sandstones and conglomerates

of the Blairmore formation. Within the latter unit the
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fault is almost vertical. Moreover, when the fault reaches
Crowsnest River it has cut down section in the overthrust
mass so that for the next elsven miles to a little beyond
the Carbondals Rlver the coal seams oI the upper Kootenay
are thrust over Blailrmore strata. The fact that tne fault
plane parallels the bedding in the Kootenay, but transects
the Blairmore strata at an angle of about 20 degrees is
falrly definite evidence that it must flatten into a zone
of bedding-plane slippage within the Kootenay. For this
regason, in the cross-section (fig. 5), the Mutz fault has
been interpreted to flatten at depth in the incompetent
carbonaceous shales and coal of the Kootenay formation.,
Competency then is apparently playing a significant role in
the mechanics of faulting in this region.

The reader will note 1In the cross-section that a
second fault is postulated within the Blairmore., Although
there was no positive surface Indication of this feature,
the fact that an abnormal thlckness of Blairmore is encountered
above the Mutz fault necessitates such a consideration. From
the cross-section it is seen that approximately [000 feet of
Blalrmore lie between the Mutz fault and the Crowsnest
Tormation. Recall from table 1 that 2500 feet of Blairmore
was measured in what ﬁas believed to be an unfaulted
sequence at Coleman. Moreover MacKay (1933, p. 7), found
the Elairmore formation to be 2300 feet thick on Byron Creek,
on the east flank of the Blairmore Range & few miles south
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of the line of section. Even though almost the total thick-
ness of RBRlairmore strata is faulted in (recall that im-
mediately south of the Crowsnest River, Kootenay overlies the
Blairmore), the thickness still falls short by around 1500
feet. The only other possibility is that a plastic conaition
in the strata allowed an abnormal thickening. However such
2 notion 1s difficult to conceive in view of the massiveness
of the sandstone and conglomerate beds within the Blairmore,
and the entirely normal aspects of bedding and jointing in
the outerops in this fault slice.

To the east of the Mutz fault is a regular sequence
of west-dipping formations from the Lower (Crebaceous to the
late Paleozoic in the Blairmore range. 0On the east side of
Bluff Mountain however 1s a thrust fault responsible for the
uplif't of the Rundle formation and the overturning of Kootenay
and Blairmore strata of the syncline immediately to the east.,
The interpretation of the behavior of this thrust at depth is
conjectuf’al.because of limlted control to the north and south
of the line of section. However the fact that a complete
thickness of Rundle is exposed above the fault indicates that
the zone of slippage must be localized at least in part within
the Banff. Moreover the sinuous trace of the fault in the
gap between Bluff and Turtle Mountains is indicative of its
proximity to a bedding-plane feature relative to the over-
thrust mass.

During the last fifty years mining operations have
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teen carried on sxtensively in the Number 2 and lj seams at
Coleman. Both seams are wWorked from two mines, the
McGillivfay mine to the north of the Crowsnest River, and
the Internationel mine to the south. In each instance rock
tunnels between the sesams facilitate easy access toO both
horizons. Emphasis will be laid here on the Number 2 seam
Lbecause ol the exusnl of operaivions wiuvhin it and the acces-
sibility of the workings. The Number li seam is mostly mined
out, and operations within it are now at a minimum,

The proximity of the Number 2 seam to the Ccleman
thrust (approximately 550 feet stratigraphically above the
fault plane) is doubtless responsible for the multitude of
small faults cutting the seam and the Intanse degree of
shearing of the coal.

Figures 7 and 8 are structure maps of the accessible
workings 1n the Number 2 seam in the McGillivray and the
Iﬁtern&tional mines respectively. The profusion of faults
over the six miles of strike=-distance 1investigated shows no
regional pattern, although in some sections of the McGillivray
nine pafticularly, the T'aults tend to have a preferable
azimuth,.

As in the case of the mines at Elk River Collieries,
the greater proportion of faults in the Number 2 seam are
extensional features. Their mean stratigraphic throw of from
two to three feet is somewhat in contrast to the much larger

throws of the contraction faults (commonly ten to twenty feet).
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The mcst outstanding feature within this seam is
the low-angle contraction fault cutting the Number 5 Level
ol the HcGillivray mine (fig. 8) at latitude 28000 feet,
and resulting in a 160 foot horizontal offset of this level.
The fault cuts upward through the section at an angle of
about 20 degrees to the bedding. From latitude 3000 feet
nerth however, 1t chonges Lo an overturned fold., PFurther
up the dip at these latitudes the seam is flexed into a
gentle anticline and syncline, much in contrast to the re=-
markably planar condition of the rest of the seam from
latitude 27000 feet south to the southern end of the Inter-
national workingsa.

As a result of extensive bedding~plane slippage,
localized particularly within the seams, the Number 2 cosal
is in large part reduced from a blocky to a soft, platy,
drag-folded condition. By means of columnar sections, a
cbmparative gtudy was made of the influence of tectonics
at different geographic locations in the seam. In order to
portray the trend from extremely sheared coals at the southern
end of the Internatlonal workings to coals of a more blocky
nature further north, a plot (fig. 9) was made of the ratio
of the percentages of soiid to sheared cosals in any given
columnar section, against distance to the north of the zero
latitude of the International property. At the extreme
gouth the coal is intensely sheared from roof to floor and

of course, the ratio of so0lid to sheared coal is zero.
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fJarther north, although there are radically varying pro-
portions of solid coal, the latter 1is consistently the more
abuncant. In vlew 0f the large scatter, tne ratios at ths
northern end particularly are not representative of esast-west
crosy-gections st thelr respectlve latitudes, hut they indi-
cate thers ars secctlons of ths seam carrying very high
proportions oi solid coal.

Lesociated with the intense shearing in the southern-
most workings of the International mine, the Numnber 2 seam
exhibits irreguler variations in thickness. BEoth of these
factors, the shearing and the plnching and swelling are
indlcatlve of the exceedlingly great degree of deformation to
which the seam has been subjected in this area., Farther to
the north however the proportion of sheared coal progressively
diminishes and the amount of bedding=-plane slippage within
the seam was correspondingly less, It is believed that
wherees the deforming stresses found some reliefl through
folding and low=-angle contraction faulting to the north,
differential motion between the beds continued to shear thsat
section of the seam to the south.

That there was a minimum of differentisl movement
involving the éeams in the MeGillivray mine is substantiated
by the structursl relétion of" two volcanic dikes tc the seams.
One transects the Tumber 2 seam at latitude 25000 feet and
the other at 35000 feet. These dikes are genetically related

to the Crowsnest formation and hence are post-Xootenay and
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pre-Laramide ih.ageg Wheress the former dike is not offset
within the Number 2 seam, that segmant of the latter within
‘the hanging-wall is offset 32 feet up the dip in the plane
of the seam relative to 1ts continuation in the foot-wall.

A knowledge of the behavlor of extension faults
throughout the length of their trace on the rooif of the seam
ag well &8s 1n the vertlical is parivicularly important in ths
control of caving in extracted areas. It is immediately
apparent that large overhangs must lead to abnormal loading -
in abutment zones. Hence if advantage is taken of natural
lines of weakness within the super jacent strata, over-
stressing in close proximity to the extracted areas may be
lessened., Moreover it 1s frequently necessary to leave
barrier pillars of coal to support the strata under é river
or some public property. The vertical extent of faults is
all important since if they extend only short distances
above and below the seam their presence may be neglected
and much smaller barriers may be used. However should thsy‘
be found to cut through the strata for great distances,
caving at depth may be instantaneous at considerable heights
above the seém; in thls case, a wlde barrier 1ls essential.

There}is no uniform variation in stratigraphlce
throw of an extension fault along its trace. Such a fault
may gradually ineresac in throw to one or two feet, then
seemingly withoﬁt reason increase in amplitude by a factor

of several times only to diminish equally as quickly to
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zero within a few tens of feet., As a generalization however,
it may be sald that the faults of largest throws persist for
the greatest distance in the plane of the seam.

‘The problem of tracing the behavior of these faults
in the vertical direction is difficult for two reasons., In
the first place it is neceésary that mining operations be
carried on in moré than one seam in the stratigraphic se-
quence; and in the second place, becausse of the aforementioned
bedding-plane slippage, localized particularly in the coal
seams and their immediate vicinity, different segments of
a Tault plane may be offset from one another so that should
such a rfault cut through to another seam it may not be
recognized. Simple geometrical projection is frequently
impossible not only because of these offsets, but also hecause
of variations in attitude of the fault planes as théy transect
different strata.

In spite of these difficulties however, an oppor-
tunity of making this study was afforded in the McGillivray‘
mine in the immediate vicinity of the aforementioned dike
at latitude 25000‘feet. £s was pointed out, there was no
perceptible offset of the dike in the plane of the seam so
that bedding~plane slippage must have been at a minimum.
Moreover this was one 6f few points where workings in the
Number 2 and L seams were simultaneously safe for travel.
Hence a detailed structural study could be made of the

accaséible-segmsnts of the two seams overlying one another.



The Number L seam at this point is 81 feet stratigraphically
below the Number 2 seam.

The identification of a particular set of faults
common to the two seams was very simple in this instance, as
will be seen from figures 10 and 1l, structural maps of over-
lying segments of the Number 2 and L seams respectively. The
most prominent features common to both seams are the two in=-
tersecting, extensional faults AB and CD. That these are
quite probably the same pair of faults is borne out not only
by the common trends and angle of intersection, but also by
the common direction and degree of dip. Moreover there is a
similar variation in throw of corresponding faults along the
trace, and fault CD is observed to splay in both seams a short
distance south of the point of intersection of AR and CD.
Neither fault is offset between the roof and floor of Lhe two
Seams. Finally, a projection of the line of intersection of
the two fault planes (which projection is feasible in this
instance), from one seam to the other further confirms the
correlation.

Since each of the faults has about the same sirati-
graphic throw at corresponding points in the two seams, it is
believed that they must continue for considerable distances
vertically. It will bé noted thal a correlation of those
faults of small throw (less than three feet) which have been
mapped in the two seams is not so definite and that many of
them must die out within a few tens of feet above and below

their respective seams.
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From the nmultitude of extension faults of small
stratigraphic throw that have been mapped within the seams
at Coleman and elsewhere it is apparent that if such faults
have only limited vertical extent, there must be a profusion
of faults within the coal-bearlng sequence wlich never
actually transect the seams. That these faults are not
localized aboul the cosl beds 1s borne oul vy detsiled
studies in the many rock tunnels above and below the seams.
Faults are equally as frequent in the immediate vicinity of
the seams ss away from them.,

Briefly then, the coal-bearing sequence at least,
has been Intensely fractured and broken by extension and
contraction faults as a result of Laramide stresses. The
bearing of such a highly fractured condition of the strata
on the ability of the rock units to behave as elastic beams

wWwill be discussed in part VIII.

The Cascade Coal Area

Throughout 1ts length the Cascade coal area is
limited_on the west by the abrupt rise of the massive lime-
stone peaks of the Rundle Range and on the east by the
Fairholme Mounteins. The low relief of the area is due in
iarge part to the softness of the Triassic, Jurassic and
Cretaceous sediments underlying it.

Structurally the coal area is included in Clark's

Lac des Arcs fault block (Clark, 1949, p. 633), and is
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limited vz the vast and west respesctively by two ma jor wesle
dipping thrusts, the Lac des Arcs fault and the Mt. Rundle
fault. As may be seen in figure 12, this block includes all
nappakle units f'rom the Cambrian to the Lower (retaceous.

The cross-gsction (C-D) begzins at the Spra, Lakes to the
south-west of' the Rundle Range, cuts through the latter in

& aorth-sasterly direction at The Three 8S8isters, and continues
across the valley of the Row River into the Falrholme ioun-
tains (Grotto Mountain) to the vicinity of the Lac des Lres
fault,

The ma jor thrust in the Canmore area 1s the Mt.
Rundle fault along which the Cambrian, Ghost River, Fairholme
and Palliser formations have been thrust over the coal-bearing
Kootenay strata. A number of subsidiary faults occur within
the Rundle Range, and are responsible for repetitions within
the Paleozoic which give rise to the majestic peaks of The
Three Sisters.

In conjunction with the overthrusting the Kootenay
formation has been flexed iInto a prominent, asymmetrical
basin, the Mount Allan syncline (Crockford, 1949, p. i)
which extends throughout the length of the Ritbon creel
area immediately to the south-east and an unknown distance
along the front of the Rundle Range to the north-west. In
the viclnity of The Three Sisters the upper Kootenay beds
exposed on the west flank of the syncline are vertical or

overturned, whereas those on the gast flank dip gently
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westwerd from 10 to 20 degrees. Faulting within the syncline
has resulted in considerable thickening of the coal-bearing
sequence. Two of the major thrusts responsible for this
thickening were observed 1ln the valley of Three Sislers

Creek imnesdiately to the north of the line of section. The
incomgetency of the Kootenay as a whole is borne out by the
intense degrec oi laulting ana folcing of the coal seams
worked within the formation.

Under the strongly glaciated and alluviated valley
of the Bow River is a gently west-dipping sequence from the
Kootenay through to the Spray River formation. The reddish
brown weathering siltstones of these latter beds outcrop low
on the west flank of the Fairholme Mountains, and dip 30 to
35 degrees to the south-west. From the Spray River through
to the Banff formations the sequence 1s relatively undis-
turbeds However on the eastern flank of Grotto Mountein
is a minor fault along which Banff strata are thrust over
Rundle and the sequence is again repeated from the Rundle
formetion to the Cambrian. At this point the latter forma-
tion has been thrust over Rundle strata on the Lac des Arcs
fault.

0f the many seams studied in the course of the
investigation the Numbér 4 seam, Canmore, is outstanding
in many respects. In the first place it is the only seam
in which some semblance to a fault pattern exists. As

wlll be noted from figure 13, a structure map of the
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accessiblé portions of this seam, the general structural
trend of the faulting is a few degrees west of north and
cuts diagonally across the levels at an acute angle, More-
over this I'aulting is concentrated in the workings of the
north-west sectlion where the seem 18 relativsly planar; to
the south-east, where the seam is flattened somevhat, faults
are few in number.

At several points in the seam opportunity was
afforded to study the time relationships of faults which
offset one another. Here, as elsewhere, nothing systematic
was found, and it must be concluded that all faults with a
common lLrend were not necessarlily formed slmultaneouslya.
This is borne out moreover by the fact that some faults
transecting the roof strata have offset counterparts in the
floor (and vice versa), while others mey be directly traced
from roof to floor through the coal seam. The mechanics of
these peculiarities of seam deformation will be discussed in
the next part.

As 1is the case of all the seams investigated, over
90 per cent of the faults are extensional and have a mean
stratigraphle throw of from two to three feet. The Upper
HMarsh on the other hand 1s cut by very few faults, all of
which are extenslonal.

In contrast to the Upper Marsh, and in fact all
the seams investigated, the Number L seam exhibits a re-

markable development of cleat. A detalled study of the
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spatlal orientétion of thess fracture planss throughout the
seam revealed & consistent pattern: two systems of cleat,
one at N.10° E., 70° W., and N.85° wW., 70° 8.; the other at
1.60° £.900, and N.300 W., 700 NE. These data are relative
to a neasn orientation of the coal seam at i 30° w, 219 &,
For congideration of average values, only those measurements
taken where the sésm is quite planar are included.

In terms of relative strengths of the different
cleats, the one parallel to the dip of the sesm (N.60° L.)
was by far the most prominent, and resulted in the bresking
of the coal into smooth, tabular sheets as thin as one eighth
inch, and up to one gquariter inch. The complemenl of these
planes of fracture was in general rather wesk, but it was
quite evidently parallel to the strike of the seam and es=~
sentially perpendicular to the bedding.

The fracture planes at N.10° E. and N.859 4. were
in general of equal strength throughout, although at some
points one or the cher may have been absent and 1ts place
taken by a system of fracture planes which in a regional
sense had random orientation. Characteristically the fracture
planes of this set of cleats had a separation of one to two
feet, and by running prominently from roof to floor of the
seam they resulted in & bvreaking of the coal into distinct
rhombohedrons. As both systems of cleat are superposed,
a'fragmentation of one of these rhombohedrons produces a

large number of parallel laminae because of the prominent
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clest in the direction of dip of the seam (N.50° E.)as

Wote that the spatial orientation of the bisec-
trix of the set of cleais at 1§.10° E., and NaBSO We is
1H.45° B+, with a plunge of 30° to the north-east, Upon
rotation of the sz2am 1nto Ll horizontal, the bissctri:
assumes a new plunge of L41° in the direction N.15° L.

The clest system paralleling the dio and strile
of the coal bed conforms well with the general pattern of
fracture cleavages in tilted seams. Moore (1950, p. 10)
suggests that this set is due to desiceation of the car-
bonaceous matter, with shrinkage and cracking. Moreover
if one may apply the strain ellipsoid (in spite of its
insurmountable restrictions In practical work) to the
interpretation of the second cleat, the azimuth of the
direction of maximum shortening of the ellipsoid (the
bisectrix) is at 45° to tke regional trend of the struc-
tﬁres in this area when the seam 1s rotated into the
horlzontal. It plunges 1In the dirsection of the Laramide
forces at an angle of 419, 1t might be suggested that this
tilt in the bisectrix is the resultant of gravity and de-
forming forces directed toward the north-east. Hence this
cleat may possibly be tectonie in origin.

The blocky coal of the Number l, seam has been
subjected to a minimum of gshear. In most instancesg faults
may be traced from roof to floor, occasionally with minor

offsets.' However some pollsh and sliclkenslides are
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distingulshable and conform rigorously wlth the genersal
pattern of an up-dip motion of the roof over the seam. This
would be produced by a tendency for the beds in the axial
region of the Mount Allan syncline to retain & large radius

of curvature and hence to siLip over one another along bedding-
planes.

in contresat bto the uumber |} sean, che Upper larsh
has been intensely sheared and fractured from roof to floor.
Dragz-folding within the coal as well as polish and slicken-
siding on the roof (and for that matter on the floor also
when it is visible) Indicate extensive bedding-plane slippage
and riding of the strata up the dip over one another away
from the axial region of the syncline. Because of this motion
there is no counterpart in the floor of faults found in the
rool and vice versa,

The problem of why some seams more than others are
sheared as a result of this differential riding out of beds
is difficult. There are two possible explanations. Either
there are radical differences in ability of seams to resist
shear or some seams more than others are protected from
shearing. As for the first possibility, petrographic data
on the Number L and Upper Marsh seams are lacking so that
little can be said of the intrinsic strengths of the two
coals. In the second instance, it is reasonable that the
more massive and competent units should exert a greater

tendency toward this overriliding, and the presence of such
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units in close proxinity to a ssearn might lead to 1ts being
sheared. With thinly bedded units in the immediate vicinity
of a seam, on the other hend, the hending of the sequence
would he taken up by small scale slippage on innumerable
bedding-planes, aru tre eflect on the seam would be lessened.
Thus the original blocky nature if the coal would he pre-
sgrved, However stratigraphic data netwsen the seams at
Canmore are nil, since logging of drill-core (beyond record-

ing the presence of absence of coal) is not practised.

The Nordegg Coal Area

The Mordegg coal area lies in the Central Foothills
0" Alberta, in a broad structural basin vetween the Brazeau
Range on the east and the Bighorn Range on the west. These
are two of a number of northwest-trending anticlinal ranges
of the Central Foothills (Erdman, 1950). Displacement of
large masses of Upper Devonien and late Paleozoic rocks on
southwest~-dipping thrust planes is responsible for these
anticlinal structures.

From ths dip-slope of the west flank of the Brazeau
Renge to the rugged scarps of the northeast face of the Eig-
horns, the gently west-dipping Cretaceous strata are moderately
f'aulted and folded. In contrast to the massive limestones
and quartzites of these ranges, soft Cretacsous sediments
underlie the intervening basins.

The lower Cretaceous Luscar formation, in which
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oceur the cosl sesams under consideration, outcrops low on

the west flank of the Brazeau Range., The gentle, southwesterly
dip of these beds sverages about 8 degrees, although it

ranges from horizontal to as much as 1l degrees.

Coal seams in the Luscar, the jumber 3 seam and the
Number 2 seam approximately 100 feet stratigraphically below
it, have been extensively worked at Hordegy. The former
seam averages 13 feet in thickness, the latter 6 feet.

Both seams have been so intensively sheared through differ-
ential movement of the beds that only in the central part of
the seams 1s there occasionally any blocky coal., As in all
the other seams investigated, drag-folds within the coal,

as well as glickensides on the roof and floor,indicate an
up-dip motion of the upper beds over the lower. Irreguler
pinching and swelling of the seams emphasize the large scale
movement of the coal within the seams which took place during
the overriding.

In contrast to all other seams studiled in which
the counterpart of a fault in the roof was frequently found
in the floor, no such occurrences Were observed at NHordegg.
Either the faults did not cut through the seam, or the
corresponding offsets in the roof and floor have been widely
displaced from one another because of this differential
motion. Unfortunately only a limited area of the workings
was acgessible in both coal horizons so that if counter-

parts exist they could not he positively identified.
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£ study of slickensiding on extension faults whose
traces cut diagonally across the dip of the seam revealed
that whether a fault was left-handed™ or right-handed, the
down~-dropped block moved in an easterly direction relative
%0 1ts counterpart. Thus the movement of ons block relative
to another must have taken place when there was an easterly
direcled component ol Iorce. This could navs besen during the

perilod of differential slippage of the beds.

Summary

Abundant polish and slickensiding on the roofs and
floors of the seams as well as drag-folds within the coal
indicate almost without exception that the upper strata have
moved differentlally up the dlp relative to those below them
in the sequence. The only exceptions were found where the
seams were intensely fractured and broken, as for example
in the 4 Incline section of the Number 3 mine, Elk River
Collieries (fig. U4).

Depending on the extent of this differential motion
between the beds, the seams have been sheared to varying de-
grees. In those seams over and under which there has been
a minimum of slippage, sheared coal is confined to within a

few inches of the top and bottom of the seams. With more

*FPootnote: A lefl=-hand fault 1s designated as one in which
the ma jor component of slip 1s to the left for an observer
standing on one block (which is considered fixed) and facing
the active block.
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extensive motion, in addition to an exaggeration bf these
initial shear zones, drag-folding is localized at various'
points Mifhin the seam. In those instances where there is

a complete destruction of primary bedding-features and
cleat, drag-folds extend without interruption from top to
bottom of the seam (for example in the southernmost workings
of the International mine, Coleman), or the seam is broken
into a number of subsidiary drag-folds (as for example in
some sections of the Number 2 and 3 mines, Brazeau Collieries,
Nordegg). Intimately associated with this intense shearing
is an irregular pinching and swelling of the seams,

The degree of deformation at a given point in a
seam 1is naturally dependent in part on the intrinsic strength
of the coal at that point. Thus some reserve must bé exer-
cised in interpreting drag phsnomena 1in relatlon to the
extent of slippage of roof over floor,

| A second feature common throughout the minesvis

the predominance of cxtcnsion faults (roughly 75 to 90 per
cent of faults mapped), the mean stratigraphic throw of which
is from two to three feet. In terms of the regional tectonics
it might be said that these features are of little signifi-
cance, but the fact that there is such a predominance of them
is indicative of somevfundamental feature in the mechanics

of seam deformation. Within any given mine the trend of these
faults reveals no consistent pattern although in local areas

a common structural trend is evident, PFor those extension
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faults whose traces on the seam cut diagonally across the
strike, the slickensides indicate motion of the down-dropped
block froh a simple dip-slip to an oblique-slip motion. No
instances are found where the down-dropped block has moved
againsl the direction of the applied force.,

Although contraction faults are very much in the
minority they consistently have throws irom 1U to 20 feet,
commonly exceeding those of extension faults by a factor of
at least five. Contraction faults characteristically trend
parallel to the strike of the seam, or cut aecross the strike
at a very acute angle.

The problem of determining whether many of these
faults with no observéble counterparts actually transect a
seam or stop at it, 1s particularly difficult because of
limitations imposed through inaccessibility of mine workings.
However in most instances it is believed that such faults
abtually do continue across a seam. When the slickensiding
on an extension fault is indicative of a dip-slip motion,
the counterpart of an offset in the roof is commonly found
in the floor along the projection of the fault plane. More-
over in coal seams exhibiting little or no shearing, faults
observed in the roof are easily traced into the floor rock.
They are either not displaced in the plane of the seam, or.
are displaced but a few feet and are readily identified.
However where a seam is intensely sheared from top to bottom

(suggesting large scale movement) no counterpart of faults
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observed in the rocoi can be found in the floor and vice versa.
The possibility of faults ending sbruptly at & coal seam (or
any incompetent unit of compasrable thickness for that matter)
cannot be overlooked, but it is believed that in the ma jority
ol cases such faults wiilh no apparent counterparls actually
do transect the seams., Their continuations in the roof and
Iioor have been oil'sel relative to one another.

Ho systematic time relationship was found to exist
among exbtension faults. Moreover no posiltive conclusions
could be reached as to the relative timing of extension and
contraction faults beyond the fact that both types have off=-
set counterparts. Thus both must have developed elther before
cr during the periad of bedding-plane slippage.

Generally speaking the strata immediately underlying
the seams are incompetent carbonaceous shales. During the
deformation of the coal-bearing sequence the strafa in the
iﬁmediate foot-wall have been subjected to a greater degree
ol buckling and crenulatlon than has the lmmedlate roofs. It
would appear that in some instances during the period of de-
formation the strata underlying a seam flexed rather than

fractured.

iV. MECHANICS OF SEAM DEFORMATION
The reader wWill note that .throughout the mines
studied certain deformational features were consistently

found. It is apparent that some common peculiarity in the
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mechanism of seam deformstion 1s responsible for this con-
sistencj. In the Coleman and Canmore areas the dlastrophic
histories‘of the seams are similsr in the sense that the
coal-bearing sequences have been carrled considerable distances
on low-angle, west-dipping thrusts. It is the wrlter's
contention that in these areas at least, the deformation
wlthin and about the sesms 18 tne direct result of movement

of these overthrust masses.

In the southern Canadian Rockies it has been well
established that the major thrusts originated from primary
fracture planes within the stratigraphlc sequence (Douglas,
19502, p. 96). There was no appreciahble initial folding.
Moreover the paths of these fracture planes as they cut through
the section were controlled by the competency of the succes-
slve units whilch they transected. lIn thls manner they tended

to follow three horizons in particular: the soft, carbonaceous
shales and coals of the upper Belly River formation; the
shales and coal seams of the Fernie and Kootenay; and the
soft shales of the Exshaw and basal Banff. Furthermore in
cutting'up section these primary fracture planes pass through
the more massive limestone, sandstone, and conglomerate
members at rather steep angles so that in a regional'sense

the thrust planss are ﬁade up of é series of shoulders and
flats, the latter representing zones of bedding-plane
slippage and the former zones of rapid cutting up section

through the sequence. It should be torne in mind that with
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variations in stratigraphic throw along the strike, the
fracture plane must cul through progressively higher or
lower units in the sequence, Thus the aforementioned
shoulders exist not only across the trend of the thrust
plane, but also along its strike. Tt wlll be recalled from
the discussion of the structures of the Coleman and Canmore
aresas that although data to substantiate these views are
limited, there 1s every indication that this type of low-
angle thrusting has taken placs.

The exlstence of shoulders 1in major thrust planes
neceséitates moderate flexing of the overriding masses. As
may be seen in the 1ldealized example in filgures 1, a small
displacement on such & fsult plane results in the folding
of the overthrust mass into anticlines where the fault cuts
rapldly up section in the more competent units (B'C' and
D'E', fig. 1ub). A flat-bottomed syncline must develop in
bétween because of the bedding-plane characteristics of the
fault in this sector {C'D, rig. 14b). HMoreover with pro-
gressive movement, a section of the overriding mass which
is initially flexed into a concavity (B°C®B', fig. 1hb),
passes through the neutral form and is then flexed in the
opposite direction (fig. 1lljc) as it moves over the top of a
shoulder. It then levels out along another zone of bedding-
plane slippage (fig. 1bd). In this manner the overthrust
mass is flexed first one way then the other, so that a given

bed in the sequence 18 subject to alternate periods of
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strestching and compression. The greater the horizontal
displacement, the more shoulders are encountered and con-
sequently the greater is the amount of flexing to which the
displaced mass is subjected.

it ié believed that during the time oi stretching
of a particular segment of the displaced mass, extension
faulting is effected. 7The fact that all sxtension faults
do not trend parallel to the strike of the major tectonic
units is doubtless due to irregularities in the fault sur-
face over which the mass is riding. Aside from the afore-~
mentioned shoulders which trend across the strike of the
thrust plane as well as parallel to it, lateral changes in
competency of the different units must result in numerous
irregularities in the fault surface.

The multitude of extension faults of such small
throw may indicate the overall weakness of the displaced mass
when it is being stretched. The inability to transmit ten-
slle stresses any distance prevents the development of few
extension faults of large stratigraphic throw. An oblique-
slip motion so characteristic of extension faults whose
traces trend across the strike of the seams substantiates
the view that many of these faults must have been developed
during the perlod of active compression. In all cases the
down~-dropped block moved in an easterly direction relative
to its counterpart.

When a portion of & seam 1s on the lnside of a



(a)

(d)

Figure I4. Diagrams illustrating successive stages in the flexing of an overthrust

mass. After Rich, Douglas.
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flexure, contraction feaults are developed. They are charac-
teristically fewer in number but of stratigraphic throw
several times that of extension faults. This would suggest
the overall strength of the displaced mass in compression.
The ability to transmit ccmpr@ssive foreces through the mass
favors the development of few contraction faults of large
stratigraphlc throw. It ls believad that the intense
crumpling of the soft, carbonaceous shales of the subjacent
strata is & natural sequel to the compressive action.

Thus 1t 1s concluded that an abundance of minor

faults may be developed by means of é gentle flexing of an
| overriding mass. A natural consequence of bedding-plane
slippage is the frequent disharmony between faults in the
roof and floor. Those faults whose counterparts are’readily
ﬁraceable across a seam were developed either during the
waning phase of the compressive period or in segments of a
éeam in which fthere has been a minimum of slippage. More=
over the fact that né time relationship could be es Lablished
between extension faults, as in the Number L mine, Canmore,
intimates that diverse faults were developed during different
periods of stretching of an over*riciing mass.

It is interesting to note that in spite of the
aforementioned flexing back and forth of the overthrust
masses, drag phenomena within the seams almost always indi-
cate an up-dip motion of a given bed over those lower in the

sequence, It is suggested that with progressive forward
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fotion o &an overriding mess, Iriectional resistance along
the thrust plane must tend to retard those beds louver in
the sectibna Thus there is an overall differential rove=-
ment within the mass, resulting in trhe upper beds oviang
slignily farther in the dirsction of the 25,1324 force.

£11 evidence indicates that this creeping ahead
Gl the upser beds In the overthrust mase is of limited
extent. At the northern extremity of the MeGlillivray nine,
the continuation of a pre-Laramide dike into the superja-
cent strata of the Number 2 seam is offset 32 feet up the
dip in the plane of that seam. Since drag phencmena within
the coal indicate a differential motion of the beds perpen-
dlcular to the strike, thls 32 foot offset must he a fair
approximation of the absolute motion of the roof over the
floor in this sector. Moreover in the southern sector of
this same mlne where a second dike of the same age transects
tﬁe seam, there 1s no apparent offset of the dike in the
plane of the seam. As pointed out earlier, this must indicate
a minimum of slippage in the plane of the seam in this area.
The data would suggest that in a regional sense, a forward
creep of the beds over one another of a few tens of feet
would produce the observed pattern of drag-folds within the
Seams

Briefly then, it is believed that, in the Coleman
and Canmore areas at least, flexing during the period of

overriding 1s responsible for the intensely fractured and



faultsd condition of the cosl~besaring sequence., Abundant
extension faults of small stratigraphic throw are the direct
regult of stretehing in the lrmedlate vicinlty of the cosal
beds, while conuoraction faults, few in number but of larger
Lhrows, developeo during periods of compression, Similar
Tolding is & natural sequel to an interspersing of competent
anu incompeient strava. Ihe seams are found to vary con-
siderably in their reaction to this flexing, in some instances
being intensely sheared, while in others retalning for the
most part thelr originel blocky nalures Frictlional reslisbance
to forward movement of the overthrust mass permitted an over-~
all creep of the upper strata over those lower in the sequence

so that a conslstent pattern of drag-folds is observed,

V. COAL-MINING THERMINOLOGY
Figure 15, a tridimensional sketch of typical
coal mine workings in a dipping seam, will illustrate the
following points. | |
The princlipal haulage artery of the mine 1s the

main slopes In both directions from this slope levels are

driven at regular intervals along the strike of the seam to
the proposed extremities of the workings. However in order

to facilitate ventilation at the working face of a level, a

counter level (or counter as it is frequently called), 80 to

100 feet up the dip is driven simultaneously, and the two

are connected up by rooms driven at regular intervals



(commonly 100 feet). Prior to the extractlon of a given

block of solid coal between two levels, the area must be

developed, or cut up into pillars. This is done by extend-
ing the rooms from one level to the next and by driving

cross~-cuts parallel to the counter at regular intervals,

Any of the four sides of a plllar 1s known as a rib.
Directional terms cormmonly used 1. coal mining are oulbye
and inbye. At any point in the mine, those workings bstween
the observer and the main slope are said to be outbye,
whereas those in the opposite direction are linbye.

Referring to the inset in figure 15, the reader
will note that the slde of a level, counter or cross-cut
which is in the up-dip directlon is referred to as the high
side. Moreover that particular rib of a pillar which 1s on

this side is called the hlgh sidse rib. Corresponding to

these are the low side and the low side rib. The hanging-
wall of a seam is commonly known as the roof and the foot-

wall as the floor. Sets support the roof and consist of

posts fitted against the ribs with a boom connecting the
tops of the posts. Where the hanging-wall is unable to
support its own weight it is sald to be heavy. In these
instances it is necessary to place the sets closer together
and to insert timber slabs (lagging) between the booms and.
the roof strata.

In the process of mining out the pillars, a sys=-

tematic pillar line or extraction line is maintained.
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\§— Piocar Line gn ExtracT) hu

CUT-AWAY VIEwW OF
TYPICAL COAL MINE WORKINGS
ON PITCH IN WESTERN CANADA

I'Y" 'l i
HigH 310

Rll‘otx-cw
ol T




...53-

Successive sliceg taken off the plllars are known as skipsa.
For control of subsidence of the roof strata into the gob
or extracﬁed aree, props are placed tightly between the roof
and the floor in close proximlity to the working face. Ilore=-
aver should it be necessary 1fo prevent a wholesale collapsse

of the super jacent strata into the gob, sacrifice pillars or

stumps are lel't behind bo sffect a more gentle convergence

of roof and floor.

VI. STRESS PHENOMENA IN COAL MINES

feneral Statement

Prior to minilng operations, the stress condition
at any point in the earth's crust is that of full constraint.
The lateral constraining forces are in the simplest case
assumed to be of equal magnitude and to be acting in three
mutually perpendicular directions. With increasing depth of
cover, these constraining forces must increase in intensity.
If the possibllity of active tectonic stresses is neglected
for the moment, a condition of equilibrium is believed to
exist within the strata. With the creation of a mine opening
this state of gquilibrium is destroyed and the condition of
full constraint in close proximity to the opening no longer
exista. Readjustment of stresses occurs. The golid material
about the void immediately begins to relax from its compressed
condition.. It first expands elastically, but with sufficient

time it deforms plastically to the point of eventually filling
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Lssociated with the tendency toward a restoration
of equilibrium conditions about the mine opening is & redis-~
tribution of load. 4An arching effsct results in concentration
of load slong itwo zones approximately parallel to the direction
of the opening. Depending on the ablility of the coal in the
rits to mssume addltlonal load, such zones willl be of verylng
widths and will extend to varylng distances 5ehind thé ribs.
These zones of increased stress are referred to as abutment
zones.

In the case of an advancing face the abutment zone
moves forward at about the same rate as the face. When a
face advance exceeds the distance over which the roof will
span from solld coal ribs, the strata break. Wherever
possible advantage is taken of natural lines of weakness in
the roof rock in order to facilitate caving of gobs and hence
tb lessen the stressed condition in the abutment zones., How-
ever, should this stressed condition exceed the crushing
strength of the coal the pillars may burst with violence.
This fofm of stress relief is commonly referred to as a bump,
and is'éuite analogous‘to certain tjpes of rock burst phenomena
in metal mines.

It frequently has been found that some forms of
stress rellef are intimately related to specific geologic
structures. Because of ﬁhis association the concept has been

entertained by many writers that active vestigial, or



regenerated tectonlc stresses may be a significent factor
in these instances. It i1s certainly true that in seismically
actlive r@gionsa as for example Southern California, where the
deforming stressestare applied over very large areas, by far
the largest amount cf eslastic straln energy 1ls concentrated
in the immedlate vicirity of major faults, Hence if stress
relief occurrsnces are truly tectonic in origin, they must
be associated with specific geologic structures which act as
reservoirs in the accumulation of strain energy. Such
accumulations would be in existence prior to mining. However
if these highly stressed zones are developed by losd redis-
tributicon during mining operations, sbtructural discontinuities
such as faults, folds, pinches and swells may play a signi-
ficant role in locallzing, augmenting, and releasing stress,
sometimes with violence.

0f the two categorles of stress (gravity and tectonic),
which is the more important in these phenomena? is teqtonic
stress now negligible so that tectonic strain rather than
tectonic stress is responsible for the frequent localization
o violent stress reliel 1in structurelly disturbed ground?
The writer, after a detailed discussion of the relation of
mining practices to occurrences of such phenomena will attempt

to shed some light on this problem.

Rezional Aspects

The problem of violent stress relief has been



confronted tnE‘WO?ld over in attempts to carry on the ex-
traction of coal at progressively greater depths. Such
phanomena are common in Canada, in the Crowsnest Pass coal
field, Alberta and british Columbia; the Cascade Coal Rasin,
Alberta; the Nordegg ares, Alberta; the Nanaimo coal filsld,
Vancouver Island, British Columbia; and in the Springhill
ares, Nova Scotie. 1In the United States they have becn
known to occur in only a few coal-mining districts, as at
the Sunnyside mine in the Book Cliff Mountains of Utah; at
the Black Diamond and Carbonado mines in the (ascade Mountains
of Washington; and in the Cumberland coal field of the Ap-
palachian Mountains of Kentucky and Virginia. Since by far
the greater proportion of coal mined in the United States is
under a cover of less than one thousand feet, violenf stress
relief phenomena have not been a2 serious problem., it is
only in the Rocky Mountains and the Cascades that sufficient
depth.of cover is attained to give rise to_serious stress
relief conditions. Outside of Canada and the United States
the problem has gained serious proportions in the South
Staffordshire field of England, in many collieries of the
South Wales coal field, some fields of Belgium and Freance,
the Lower S8ileslan coal fields of Germany, the Bihar coal
field of India, and in many of the Russian coal fields,

principally in the Don Basin,

Current Definitions of Violent Stress Relief Phenomena

Occurrences of violent stress relief have been
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clasgified into two major groupings on the basis of theilr
observed characteristics; they are bumps or outbursts. In
the case 6f bumps, two different approaches have been made
bo thelir subdlvision, one on the basis of what was counsldered
their genesis, the other on the areal extent over which they
were experienced, Outbursts have not been subdivided.

%o 8. Hicoe, formerly Chief Mining Engineer of the
United States Bureau of Mines, recognized two types of bumps,
each ariging from a different cause (Rice, 1918). Prsgsure
bumps, he beslieved were due %o a lithostatic loading of coal
pillars beyond their bearing strength, so that there was a
violent release of stress through crushing of the pillars,
the roof and floor of the coal seam remaining relatively
Intact. Pressure bumps would be analogous to rock bursts
in metal mining as in the Lake Shore Mines of northern
Ontario, the Kolar gold fields of India, and the gold mines

of the Unlon of South Africa. Shock bumps were thought by

Rice to be due to the breaking of thick, massive, strong
strata some distance above the coal seam, causing a tremen-
dous impact on the immediate roof and resulting in an
instantaneous shattering of the coal pillars in the area.
Walter Herd, formerly Chief Mining Engineer for
the Dominion Steel and Coal Company, subdivided bumps into
three groups depending on the areal extent, or location over

which they were experienced (Herd, 1930). Face bumps, as

the name suggests were stress relief phenomena occurring at
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or near the working face, and occurred almost exclusively
during tight work comparatively near extracted areas. The

term district bump applied tc those occurrences of violent

stress relief affecting several acres of the mine workings.
Ihey are by rar the most dangerous and destructive and

result in violent heaving of the floor, crushing of pillars
and setltling of the roof over wide areas; they are practically

always felt on the surface. Waste bumps was applied by Herd

to those manifestations of stress relief in which a violent
shock was felt on the surface although 11ttle or no damage
was perceived underground. They were dismissed as having
originated in the sealed off, worked out areas of the mine.
In such cases this explanation could be neithsr proved nor
disproved,

The term outburst is used synonomously with blow-
out, and refers to a violent release of stress in the mine
wbrkings manifesting itself in an almost instantaneous
disintegration and forceful ejection of large quantities of
coal from the working face. There is & concomitant release
of largé volumes of methane, carbon dloxide, and other gases
held within the coal.

The characteristics of violent stress relief pheno-
mena in the coal mines of the Canadian Rockies confirm the
view that bumps are quite distinct from blowouts. These
latter stress relief occurrences however are observed to

display a wide range of characteristics, and in some mines
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ﬁhc term pushout is uscd for a very mild form of blowout,

A Turther subdivision (sloughs) of stress rellefl occurrences
has been‘created to include those instances of dislodgment

of" large tonnages of highly sheared cosls in the relaxed zone
about mins openlnosm

Hence stress relief occurrences may be subdivided
into four groups: buwups, blowouts, pushouts, and sloughs,

The classification is almost wholly on the basis of material
effects, and no inference is made at present to the mechanics
of causation.

Bumps refef to those manifestations df violent
stress reliefl which result in widespread I'loor heave and
shattering of sets. They characteristically occur in close
proximity to extracted areas}

Plowouts are violenli stress rellief manli‘éstatlons
from small pockets of the seam and occur in intimate asso-
éiation with the working face. Attending the almost instan-
taneous e jection of highly disintegrated coal is the release
of large volumes of gés.

Pushouts are in essence a very mild form of blowout
in that the cosl is literally pushed into the mine opening
from pockets at the worklng face or in close proximity to it,
The dlslodged coal differs little in size characterlstics
from that of the coal as mined. A moderate amount of gas may
be releaSed.

Sloughg refer to those dislodgements of coal under
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the influence of gravity from the destressed zones about
mine openings. They are most frequent in highly shesared,
thick seaﬁs, and characteristically do not occur in intimate
agssoclation with working faces,

in the deeper workings of the Springhill mines
(§ova &cotis), there is an occasional bursting of the floor
rcek into tne openings (nerd, 1930). The wriliter has not
had personal contact with this particular problem in the
collieries of the Canadian Cordillera. From the descriptions
in the literature however it appears they ars guite analogous
to rockbursts in metal mines. Mention is made of this here
merely to point out that when workings in the coal nines in
which the present studies have been conducted are pushed
beyond their present maximum depth of cover (2500 feet),
this further form of violent stress relief is likely to be

experienced.

Historical Summary of Stress Relief Occurrences

Coal Creek, one of the mining camps at which the
stress problem was investlgated, galined world renown for 1its
misfortune from these occurrences. From the very beginning
of mining operations in 1897 the demand for coal was so great
that emphasis was laid on production to the neglect of a
systematic plan of operations. A combination of large cover
intervals and the mode of mining, wide stalls and small

pillars, led to dangerous overloading of the unmined coal,



In 1905, 1n the Number 1 mine, Lhere vccurred
the first violent manifestation of stress relief. This
incident had little effect, elther materially or psycho-
logically, in spite of the serious blowout of the previous
year In which 1L men lost their lives at Morrissey, & coal
mining camp six miles to the south. Not until 1906, when
bumps oi' a very severe nature began to occur in the Nuaber
2 mine did the people of Coal Creek sense the important role
which stress rellef phenomena were to play in the subsequent
history of thelr mining community. In this mine the workings
were quite unsystematic with irregular longwall panels in
some places and the complete extraction of pillars in others,
With 50 to 60 per cent of the coal in the area extracted,
the remaining pillars must have been considerably overstressed
by the superjacent 2000 Teet or strata. Continuous heaving
with an occasional bursting of the floor was a steady means
of relief of the stresses transmitted to the subjacent strata
by the pillars. Finally in 1908, a violenl bump 1in one of
the main entries of the Number 2 mine resulted in serious
property damage and loss of life., The impact of this occur-
rence on mining activities was immediately apparent. At the
suggestion of the British Columbia Department of Mines
practically all the live workings of this mine were abandoned,
with a resulting loss of large quantities of high quality
coal and a decided drop in the colliery output.

These phenomena were not peculiar tc Coal Creek,
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but were being encountered in ever increasing numbers in
many of the French coal fields. In the hlind search for an
adequate scolution to the problem, many suggestions offered
the mining industry served only to impede production, create
a false sense of security, and do nothing by way of mini-
mizing the hazards to which the underground personnel was
sub jected. Considering the lack of appreciatlon of the siate
of stress of the coal at depth, it is not short of miraculous
that the fatality rates were so low.

n 1911, the Number 1 East mine was opened in Number
10 seam, about 150 feet higher in the section than the seam
worked by the Number 2 mine. Tempered by the serlous bumps
arising from small pillars in an irregular layout in the
latter mine, the officials rigidly adhered to a systematic
plan of operations in the 1 East workings. 1In the process
of cutting the seam into pillars only 20 per cent of the coal
wés taken out. It was decided that no pillars would be pulled
until the mine was in full retreat. As mining conditions
were good advance work was raplid, so that in five years the
headings were pushed beyond the limits of the underlying
Number 2 mine. In the course of operations, the coal gave
off large volumes of gas (estimated at from 1500 to 5500
cublc feet of methane per ton of cocal mined (Rice, 1918) un-
til DNovember 1916, By that time the headings were 300 to
00 feet beyond the face line of the Number 2 mine.

Then a series of violent bumps resulting in loss of
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lif'e and tremendous property damage brought about the closing
of a large section of the 1 East mine, pending s detailed
investigation of' the stress problem. G. 8. Rice was invited
to examine the Coal Creek collieries and to offer suggestions
on the nature cf the phenomena and possilbles means of avoiding
or at least mitigsting their effects.

Ths 1'irst Llowout of any consequencs al Coal Creek
occurred in the dip section of the 1 East mine in January,
1918, It was only the beginning of serious trouble to arise
from another aspect of the stress problem. The instantaneous
release of large volumes of gas in conjunction with the force-
Tul ejection oI hundreds of tons of intensely disintegrated
coal led to many serious disasters both here and abroad,

Again as in the case of bumps, futile attempts were
made to discover the cause of such phenomena. Holes were
drilled ahead of the working face to tap the speculated pockets
of gas which were believed to be responsible for blowouts.
Neither were any such pockets encountered nor did such a pro=
cedure in any way alleviate the frequency of blowout occurrences.

In spite of earnest attempts to cope with the problem,
bumps and blowouts continued to occur. After a very serious
incident in the 1 bast mine in May, 1943, culminating a rapid
sequence of violent bﬁmps, all of the inner workings were
abandoned. 8ince then only two occurrences have been recorded
from this mine, both of which instances, under a cover of less

than 1000 Teet, are directly attributable to mining practices.
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Wilth progzressive abandonment of opsrations on the
north side of Coal Creek, prospscting of the corresponding
segments of the seams across the valley resulted in the
opening up of a now set of mines; referred to es Elk River
{follieries., &8 these mines have just Tregun to reach cover
intervals where stress relief phenomena are encountered in
lacreasing numbera, the problem has not as yet galned serious
proportions.

On October 7, 1949, a blowout in the slope section
of the Number 3 mine (cover approximetely 600 feet), resulted
in the forceful e jection of slightly under 500 tons of finely
disintegrated coal, and large volumes of methane (inn, Repta,
iMinister of Mines, B. C., pp. 238=289, 1949). Since then no
serious occurrences of thilis nature hsve been recorded. How-
ever the pushout of Wovember 27, 1951, in the highly raulted
ground of the 8 Incline section of the Number 3 mine {cover
approximately 1100 feet) marked the beginning of a series of
incidents that resulted in the ultimate abandonment of this
sector,

Unlike the notorious history of the mines at Coal
Creek, Coleman collieries have been comparatively free of
violent stress relief. In both the International and
McGillivray mines, opefations are being carried on under
cover intervals as large as 2500 feet, which conditions led
to an alarming number of occurrences in the Number 1 mast

mines
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since the beginning of operatvions al Coleman around
the turn of the last century, the extraction of coal by the
conventional room and pillar method has been carried to pro-
gressively greater depths. Stress relief has manifested it~
self in almost all cases as elbher a gentle running of the
coal at the face, or in continual bumping of a minor character.
No blowouts have besn experienced at Coleman.

However in December, 1950, a violent bump occurred
in the Five Level North sector of the McGlllivray mine, and
resulted in two fatalities. A combination of the highly
stressed pillars under a cover of 2300 feet and the heavy
condition of the rubbly, carbonaceous shale of the nether
roof resulted in adverse mining conditions. The dislodgment
of the roof rock rather than the characteristic heaving of
the floor and settling of the roof was the significant factor
in the disaster, as escapeways were blocked for large distances,

| Occurrences of violent relief of stress in the
Canmore mines have been experienced only in comparatively
recent years because of extensive exploitation near the out~-
crop and limited workings at depth. The pushout of June,
194)y, in the Number L mine (see tab. 2, app.) ushered in a
long series of incidents which became very much more frequent
at cover intervals in éxcess of 700 feet.

Unlike Coal Creek, Coleman, and Canmore, the stress
problem at Nordegg has been encountered at very low cover

intervals., The first incident occurred during the early
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stages of development work in the $ixith Level of the Number
3 seam with a cover of approximstely L50 feet. Since then
(January, 1950) stress relief in the form of pushouts have
been experienced in great numbers, notwithstanding thet
current cpezrations ars beligz extended along ithe strige
rather than down the dip. Although only one instance is
recorded from the widerlying Number 2 geam, il should be
borne in mind that operations in this seam are only now ap-
proaching cover intervals at which the stress problem be-
came important in the Humber 3 seam.

A8 the intensely sheared coal of both seams being
mined is unable to support the super jacent strata for pro-
longed periods, considerable trouble is encountered in
maintaining haulage ways. The gradual convergence of roof
and floor results in stress accumulations in the more solid
segments of the seams and extensive sloughing of the ribs
(the high side particularly) through squeezing out of coal
from the abnormally large destressed zones about the mine

openings.

Vil. CHARACTERISTICS OF STRESS RELIBF PHENOMENA
| Bumps

In attempting to analyze the bump problem in any
particular mine one is dependent to a large extent on the
data kept by the company officlals. Frequently only those

instances are recorded which have resulted in extensive

property damage or loss of 1life. For this reason there has
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veen a8 tendency 1o seirsgate violeni bLumps Irom those of &
more genftle nature continually encountered in development
ucryx, splitting of pillars, and movement of the extraction
line.

Sbress rellef by violent bumpilng has been experi-
enced at deprths of cover as shallow as 500 feet in some coals.

ning operatlone ar: pushsd deeps», their occurrence i

s

4]

w®

&
obgserved to increase in frequency. For example congider
figure 16, which illustrates the observed relation of' cover
interval and frequency of occurrence of violent bumps in
the 1 bEast mine, Coal Creek. For graphicel prsssntation, all
violent bumps in a given 200 foot cover interval are grouped
together and plotted against the odd hundreds of feet of
cover., It is interesting to note that no occurrences were
reported hetween 1800 and 2000 feet of cover. There is no
sure means of assessing this anomaly because of the complex
rélation between mining practices and variations in physical
properties of Lhe coal. Moreover all the deeper workings of
this mine were abandoned some years ago.

in contfast to violent bumping recorded from the
1l East mine, stresses at depth in the Humber 2 sesm, Coleman,
have been released in general by continual bumping of a less
severe nature. As menfioned above 1t was at a cover interval
of approximately 2300 feet in the MeGillivray mine that
bﬁmping of & serious nature occurred. Whereas the coal at

depth in the 1 hast mine 1s reported to be structurally
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strong, that in the iictillivray mine is conslderably more
fractured and in many places moderately sheared., Extensive
and gradﬁal heaving of the soft, carhbonacecus shale floor
in the deeper workings of both mines is indicative of the
capability ot pillers consisling of elther blocky or I[rac-
tured coals to transmit loading stressses to the floor, &
cessation of this hezaving i1s oftentimes & forszruaner ol &
violent bump. This is a natural course of events as the slow
heaving of the floor is a means of relief of the stresses
pent up in the pillars, In the event that stress cannot be
relieved by this means, bursting of the pillars nust result,
Some of the most serious bumps occur during the
aplitting of pillars in close proximity to extensive'gobs.
The bump of 1950 in the MeGillivray mine uill illustrate
this point. Prior to the occurrence, Humber 75 room was
being dfiven up the dip from Five Level in firm, brittls,
dull coal. The seam to the rise of Number L Counter Entry
had been worked out some ten years earlier, while 150 feet
to the north along the strike was an extensive gob resulting
from extraction during 19,9 and 1950. The coal Lelow Five
Level was undeveloped. It is quite apparent thet t he large
extracted areas above and to the north must have led to an
overstressing of the pillars to the point of failure. The
abutment zone was doubtless in the immediate vieinity of
75 Room at the time of the bump.

During the process of plllar extraction it is
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imperative that the plllar line recede or advance st a uni-
form rate throughout its length. &An irregular advance leads
to the development of pillar remnants jutting out into the
edtracted areas. With the convergence of hanging-wall and
foot-wall in the gdlﬂ the remnants may Lecoune overloadsed
end burst. A very good example of this may be seen in the
presently actives workings of the 1 Laet wine, where two
violent bumps in 1950 occurred in a pillar remnant of the
shape of a frying pan, the coal being mined out completely
on three sides (4nn. Rept., Minister of iines, E. C., 1950,
p. 254). During a visit by the writer in the Spring of
1952 when the mine offilcials were attempting a skip off one
side, incessant bumping and cracking of the strong, blocky
coal was an obvious indication of the highly stressed con-
dition of the remnant.

Minor bumping in strong coels is commonly asso-
ciated with driving of headings and drawing of pillars under
u cover of four o five hundred Ieet. It is indicative of
a gentle release of accumulating stress. Many of the inci-
dents cited from the 1 East mine in part V took place during
the driving of headings when not more than 15 to 20 per
cent of the coal was extracted. The more violent of these
bumps at the working féce conform with Herd's interpretation
of face bumps. They are for the most part induced by

blasting.

Experlence has shown that the faster the rate of
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'éxtractidn the more violent is this minor bumping. In the
extreme case & violent tump may be induced by this means.
Moreover by reducing the rate of advance of a heading or
extraction line in highlj stressed cosl tThe occurrence or

a violent bump may oftentimes be avoided (iAnn. Rept., lMinister
of iines, B; Cay Da 129, 1940). This would be expected as

the slower rete vould allow the accumulating stresses through
load redistribution to be released by degrees. In addition
it 1s characteristically found that when a highly stressed
pillar remains quiet for a while the next relesase of stress
by bumping is much more violent. Prior to a violent bump the
pillars may be quiet for several days, then without warning
fail almost instantaneously. Associated with the crushing of
a pillar, coal may be e jected from the ribs with violence,

but unlike blowouts, the coal is not intensely fragmented.,
Accompanying the dislodgment of coal from the ribs is a
cbrrespondingiy large release of gas. As will be seen in the
case of blowouts, the volume of gas released is estimated td
be in‘prOportionbto the amount of coal loosened from the
pillars,

Associated with the instantsneous ecrushing of a
pillar there may be & contemporaneous general heaving of the
floor and settling of the roof over large areés;of the
workings. This type of occurrence would fit Hérd's interpre-
tation of distfict bumps. That there has been a large scale

upward movement oI the rloor during the bump is substantiated
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Oy the necessity ior regrading of hsulage ways during clesn-
ing up operations. Take for example one of the bumps which
pecurrad in 1950 in the pillar remnant in the 1 East mine
and discussed on page (0. In this instance mine track was
heaved 12 to 1} inchss. It is worthwhile noting here thet
autopses of bump victims reveal in a large number of cases
inlense shattsring oif the leg Lones at angles ol about U>
degrees, suggesting a sharp blow from beneath.

A natural sequel to this violent roof and floor
motion is extensive shattering of props and closing of
haulage ways to the point of flattening mine cars against
the roof, “The main roof 1s rarely broken, although the cap
rock may be shaken down in profusion and constitute a very
serious hazard in blocking exits from the bump area. An
excellent example of this roof condition may be seen in the
MeGillivray mline between Four and Five levels at the northern
end of the workings. Because of interspersed carbonaceous
matter in the three foot shale capping, the immediste roof 1s
of a rubbly nature and quite unable to support itself over
the mlne openings. The slightest jar, as from a bump, sends
down hundreds of tons of highly fragmented rock into the cross=-
cuts and rooms, in places completely blocking them.

The more vialent and extensive bumps (district bumps)
are frequently felt on the surface, causing moderate property
demage. For example, pictures have been thrown from walls

and dishes from shelves at Coal Creek, as o result of violent
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bumps unaerground.

There is no apparent relation between the occur-
rence of pumps and the proximity of faults. Structural maps
of Lhie inner worklngs of the 1 Last mine arc nonexistent so
that one is dependent entirely on reportis of buai» occurrences
to the Minister of lMines for such data. However all evidence
both here and elsewhere glves no positive indication ol
such a relation. Overloading of strong coals is apparently

the prime requisite for a bump condition.

Blowouts

By far the nost detail on the characteristics of
blowout phenomena was gained from studies in the Upper Marsh
and MNumber )} seams at Canmore. Since the problem is a re-
latively new one at Canmore a large proportion of the sites
o’ violent relief of stress in the two seams are still open
and available for study.

In contrast to the highly sheared coals of the Upper
Marsh, blocky coal similar to that in the 1 LEast mine is
extensively worked in the Number li seam. TUnlike the 1 Last
mlne however, the Number li workings have suffered no serious
occurrences of violent relief of stress by bumping up to a
cover interval of approximately 1450 fest (the present maxi-
muri) .  Minor bumping is of course experienced in development
worl.,

Since blowouts and pushouts show merging character-

istics (although distingulshable in their extremes), 1t was
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considered advisable to group them together for a statis-
tical analysis of violent stress relief data from the Number
L seam. The occurrences in the Upper Marsh are all considered
tc be pushouts. Unlike data for the 1 Last mine which gave
merely the time snd place of occurrence of the various bumps
and blowouts, detailed records for all occurrences of violent
relief of stress in the minss st Ceanmore wore kept. Charsc-
teristics of stress relief occurrences in the Number L and
Upper Marsh seams are tabulated in tables 2 and 3 respectively.
£s indiceted in figure 17, there is a ninimum cover
interval of roughly L0O feet at which blowouts are encountered
in the 1 Last mine. A peak frequency has been found at about
700 feetl of cover, below which there is & trend towsrd de-
creasing frequency to the point where no blowouts were
recorded at cover lntervals greaber Lhan 1900 feet., IL 1z
interesting to note that & similar trend is found in the Hum-
ber L seam (fig. 18), beginning at a minimum cover of roughly
600 feet, increassing to a peak frequency at 1100 feet, and |
then decreasing to a minimum at between 1400 and 1500 feet,
the present maximum depth of cover.

- Apparently then below a certain critical cover
interval depth no longer plays a significant role in the fre-
quency of oceurrsasnce of tlowouts. Lt may be argued that if
limited operations were carried on at large cover intervals
there should be a tendency toward decreasing freguency in the

deeper workings. However, that being the casc, onec would
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expect the bump frequency to drop oll equally as rapidly.
Ls pointed out with reference to figure 16, this is not so.
it was the alarming frequency of occurrence of bumps, not
blowouts, in the 1 kast mine which was responsible for the
curtailment of operations at depth,

The questlon arises as to the possible relailion
between cover interval and vlolence of siress relief within
any given seam., The only feasible means of classifyihg the
phenomena by violence was to consider them In terms of the
number of tons of coal ejected, the reported force of e jec-
tion and the degree of disintegration of the dislodged
coal. These three criteria are of primary significance in
diatinguishing blowouts from pushouts.

With these ideas in mind the scatter diagram (fig.
19) for the Number L seam was constructed from the data in
table 2. Note that both pushout and blowout occurrences
afe distrlbuted through all depths at which violent stress
relieflf 1s encountered. Moreover blowouts eject varying
tonnages at a given cover interval. By the very nature of
the differentiatién o' pushouts from blowouts, the former
are suppressed to the lower portions of the diagram. There
is no apparent'relation between tons of coal ejected and the
cover interval.

nlike bumps, blowouts are localized to small
volumes of coal. They characteristically occur during de-

velopment work when in general not more than 15 to 20 per
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cent of the coal is being removed., £in ezamination of table

2 will show that of 1ll} recorded blowouts in the Number I
se&am, Canﬁoreﬁ 12 occurred during cutting of the seam into
plllars anu the remalning two during the splltting of pillars
prive to thele belng e¢xtraclted, Furthermore a survey of the
reports to the british Columbia Minister of ifines reveals
that without eizcspgliou blowouls occurred only auring develop=
ment work in the 1 Liast mine.

it is conslstently found that when blowouts take
place iIn an inclined seam they inevitably come from the top
corner of the working face or the top of the high side rib
in cleose proximity to 1t. This point is borne out from
detalled examination of blowout sites in the Number I seam
(see tab., 2), as well as from innumerable occurrences cited
in the literature.

As the working face approaches a blowout point the
coal oftentimes shows obvious signs of heing in a highvstate
of stress. In many instances the face is observed to frceze,
or tighten up, or as the miners say 'to become dead', some=-
times at a consilderable distance from the actual point at
which the blowout occurs. The strained condition of the
tightened coal is somewhat relieved by spontaneous shattering
of' the coal in the face, as evidenced by continuel cracking
and minor bumping. Associated with this expansion and
crushing of the coal there is some release of gas although

much of it is belleved to be held back because of the
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impermeability of the coal. An occasional more violent

bump may bvemporarily relieve the stressed condition, and the
cracking noises momentarily subside, When the coal is in

a nighly stralined condltlon, even a gentle touch of the miner's
plek will result in the foreceful ejection of small fragments

of coal from the working face, quite analogous to the sur-
ficial fragmentation of a rock specimen in a laboratory
crushing machine,

To illustrate the influence of mining on the oc~
currence of a blowout, it has been consistently observed
that when a working place shows the above mentioned signs of
approaching a blowout site, the time of occurrence of the
phenomenon may be controlled by the rete of advance of the
working face. By progressing slowly or temporarily stopping
work, the occurrence may be delayed but not avoided. More-
over tests in the Pumpquart seam, Ponthenry, lWales (Roblings,
1926), revealed the practicability of inducing outbursts by’
volley firing at points where their occurrence was imminent.
Touhey (Coal Age, 1923), cites an interesting example from
the Nanaimo coal field in which a face showing signs of an
- outburst conditiqn was left idle for about 100 hours, but
five hours after work was resumed at the place a blowout of
unusual violence occurfed.

The imminence of a blowout is of'ten indicated by
ah increase in frequency of bumping and accelerated running

of the coal at the face. According to mine officials who
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have closely Observad the phgnomena to within a few seconds
of the final disruption, the coal begins to disintegrate

to the point where 1t flows like a fluild down the worklng
Taces

The final bursting out of the disintegrsted ma-
terial is as through a dam at its weakest point, oftentimes
producing a pecullarly shaped cavity. In ons instance the
cavity was bottle~-shaped, becoming wider inside the aperture
through which the coal came (&nn. Rept., Minister of Mines,
Bs Ca, 1918, p. 336); in another instance a funnel-shaped
Openiné extending for several tens of feet into the solid
was developed (Ann. Rept., Minister of Mines, B. C., 1928,
pp. Lb1l-41h). Blowout cavities in the Number lj and Upper
Marsh seams, Canmore, wWere cone-shaped with a flat side
against the hanging-well and the apex into the solid coal,
Such peculiarly shaped cavities suggest an anomalous stress
redistribution in the coal esbout the mine opening.

The instantly released large volume of gas is
believed to be the transporting medium for the dislodged
coal., The elastié energy released in the initial fragmen-
tation of the coal is then only partially responsible for
the forceful ejection of the fragmented meterial, The
sudden release oI streés in combination with the attrition-
of the coal fragments being transported in therrapidly moving
ges results in a disintegration of some of the coal to the

consistency of flour. It is believed to be an action of
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comminution sorﬁewhat compa‘rable to that of the projection
of coal through an orfice at high velocities in pulverized
coal combustionﬁ

Definite evidence that prior to a blowout the
overstressed coal 1s bearing a considerable portion of the
redistributed stresses 1s indicated by roof adjustments
during and after the phenomenon. Toward the climax of the
blowout the roof strata are heard to crack and rumble, and
those sets not dislodged by the momentum of the ejected coal
are observed to tighten and frequently to break,

In the case of the two seams investigated at Can-
more, it was observed that the tonnages of coal dislodged
and their force of e jection were apparently related to the
strength of the coal in the pillar., The hard, blockj,
bright coal of the Number L seam is in obvious contrast to
the intensely sheared, platy coal of the Upper Marsh. In
the former seam blowouts, frequently of a very severe
nature and forcefully ejecting hundreds of tons of finely
disintegrated coal, have been experienced, whereas in the
latter (compare tab., 2 and 3 for tonnages) seldom more
than 50 tons of loose coal have been pushed out from the
high side rib or corner of the working face.

The gas reléased in blowouts and pushouts in the
mines examined was for the most part methane. However in
dertain collieries of the Lower Silesian coal field,

Germany, and the Gard Basin, France, outbursts releasing
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enormous volumes of carbon dloxlde are of freguent occurs=
rence (Rice, 1931). Zstimates of the amount of gas released
per ton of coal mined under normal conditions reveal nothing
incongruous with estimates of the volume of gas releassd
per ton of coal dislodged in a blowout o; pushout (Jsriier,
1923, 1935; Riffaud, 1946). The displacement of air in the
mine workings in ¢loze prozximity to thes site of a bhlowout
by the sudden influx of these gases frequently results in
a temporary reversal of the air-current through the workings.
Continued operations in areas susceptible to blow-
outs confirm the view that a single instance of violent
stress relief does not eliminate the possibility of further
occurrences in the district. For example, in the 1 East
mine, Coal Creek, five outbursts, two of a very serious
nature, were experienced during a 600 oot advance of the
face in unfaulted ground in 29 Room off 10 East entry. Note
moreover in figures 4 and 13 that blowout phenomena in the
Number 3 mine, Elk River, and the Number l seam, Canmore,
cluster together, rather than occur sporadically throughout
the seams. This would further emphasize that a blowout is
not due to a simple condition of overloading as in the case
of bumps. A violent bump in a given sector of a seam com-
pletely alleviates thevdanger of recurrsences in the immediate
vicinity. |
| Blowouts are not found to be characteristically

associated with faults in any of the accessible parts of the
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mines studied. Although few or no geologic data were re-
caorded for the sections of the collieries at Cdal Creek |
noﬁarioué for blowouts, the literature consistently reaf-
firms the view that there was no apparent localization of
blowouts et faults (Wilson, 1947). However the tumber l
seam, Canmore, afforded excellent opportunity for a study»
of this aspect of the problem. It will be noted Irom table
2 that of 15 recorded blowouts in this seam only six were
found to have any relation to faults; the remaining nine
took place in unfaulted ground.,.

Because of the comparatively uniform dip of the
Number l} and Upper Marsh seams there was no means of estab-
lishing a possible relation between the dip and the frequency
of occurrence of blowouts. However a survey compiled by I.
M., Yarovoi (Moscow Qugltehigzdat, 1949) revealed that of 720
blowouts in the Don Basin, 92 per cent occurred in seams
dipping more steeply than 50 degrees., It is apparent that
a steeper dip favors the occurrence of blowouts.

Frequently it has beeh stated that 1t is impossible
to restore the ejécted coal from a blowout to the cavity from
which it came (Miard, 1926; Jarlier, 1923). ‘lhe volume or
the dislodged coal is found io'exceed that of the cavity by
a factor of as much as'five.

Take for example the blowout of November 1, 1951,
at the face of 24 Slope in the Number L mine, Canmore (no. 2i,

Tab. 2)s From a cavity whose volume measured 3.5 x lO3 cubic
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feet was éjectéd 230 cars of coal. 8ince the average volume
ofbmaterial transported in a mine car is J0 cubic feet, the
volume of'the blowout coal was approximately 9.2 x 103 cuble
feet, Thus the volume of Lhe dislodged coal exceeded that
of the cavity from which it came by factor of approximately
2.6,

The volume occupled by the loose but une jected
coal is estimated at 9.1 X 103 cubic feet on the basis of
careful examination of the coal in the ribs on the high
gide of the blowout cavity. The low gide of the cavity is
the fault plane.

It has been found that in the process of mining
the "Number LY coal, the volume of this coal in the face is
increased by fifty per cent., For the coal in the solid there
are approximately 25 cubic feet per short ton whereéts the
mined ccal occupies approximately 38 cubic feet per short ton.

Hence the volume of the loose but unejected coal
when in place would be approximately 9.1 x 103/1.5 cubic feét
or 6.1 x 102 cubic feet. The corrected volume of the blow-
out cavity (negleéting roof and floor convergence, and the
cubical expansion of the coal) is then approximately
6.5 x 103 cubic feet. Moreover the volume of the e jected
coal corrected to whatbit would be prior to the blowout is.
approximately 9.2 x 103/1.5 cubic feet or 6.1 x 10° cuble
feet. Thus the apparent anomaly between the volume of the

blowout cavity and the e jected coal is removed,



-86=

There are a number of sources of error in this

caleculation of which the following are the most significant:
‘1@ Measurement of the size of the blowout caviiy.

2, Measurement of the volume of the loose but
une jected coal,

3. The neglect of the closing of the cavity through
rool and Tloor movement associaved with stress
release.

. The neglect of the cubical expansion of all
the coal involved in the occurrence,

The measurement of the size of the blowout cavity
is fairly accurate whereas the estimate of the volume of
loose but une jected coal must be considered with some reser-
vation as the boundary of the destressed coal is gradational
and not sharp. As for the closling of the blowout cavity
through convergence of the roof and floor, no quantitative
data are available. However it was observed that no timbers
were broken through load redistribution subsequent to tho |
blowout so that the maximum convergence could be only a few
inches and the concomitant error in the calculation only a
few per cent. The neglect of the cubical expansion factor
is not serious as it is small in comparison with the ap-
proximation of the 50 per cent compaction factor involved
in the calculation,. |

Although the agreement in the above is remarkably

good in view of the approximations necessary, the writer
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wishes to point out only that there 1s nothirg incongruous
- gbout the volunetric relations of the ejected coal to the
hlowout cavity.
Pushouts

A8 meuntioned above pushouts are considered to be
a form of blowout in the sense that coal and gas are spon=-
taneously Gislodgéq in intimate associatlon with the working
face, This form of stress relief shows all gradations Into
features characteristic of blowouts, in rapidity of movement,
dezree of fregmentation and tonnages of dislodged coals

Although pushouts occcur mosi frequently during
mining operations at depth (cover intervals greater than 500
feet) in friable or sheared coals, they are occasionally
experienced in the hard, blocky varieties (c.f. the Number
L4 seam, Canmore). During ths advance of the face of tThe main
gangway in the intensely sheared coals of the Upper ilarsh
seam, stresgss reliefl manifestations of this sort are con-
tinuaelly encountered (tab. 3). DlMorecver in the Number 3 mine
of the Brazeau Collierles, Nordegg, pushouts in the Sixth
Level district have become a daily occurrence, even though
a cover interval of only LS50 feet has been attained. Here
the intensely sheared seam pinches to three feet in places
and swells to 25 feet in others. The coal has been so
completely disintegrated through differential movement be-
tween beds that there 1s immediate convergence of roof and

floor in development work., Assoclated with this movement
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is the crestion of a non-uniform stress condition in the
coal at the face.

That the coal at the working face is in a stressed
concaition immediately prior to a pushout 1is 1indicated by 1ts
tightening or fresezing, a featurs so common in the case of
blowouts. Moreover the sets are noted to tighten and take
on velght during ana after a pushout, indicating thal adja-
cent to the excavation such coals are ceapable of carrying
load.,

The coal is pushed or eased out from the high side
rib or corner of the working face. It iIs not ejected with
any force or to any great distance. However the angle of
slope of the dislodged coal is ummistakabhle evidence that
some force of ejection is involved. Characteristically this
angle on pusned out coal is up to fif'teen degrees more acute
than the normal angle of repose (approximately LLO degrees)
of the same coal, the angle becoming smallsr with more force-
ful ejection,

Anglogous to bumps and in contrast to blowouts
there is no apparent change in the size characterilstics of
the pushed out coal from thst produced during normsl operations.
- it is common occurrence to have the whole face or some segment
thereof eased forward a few feet en masse.

As the tonnages displaced are relatively low (tab.
3) the volume of gas (largely methane) released is corres-

pondingly small and may result in the gassing out of the pushout
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gite from a few minutes to a f'ew hours.

Pushouts in some mines more than others tend to
be localized to points where the worklings are teing advanced
across a fault plane. The occurrences are always in asso-
clation with irmediate load read jusiments effected by the
advance of the working face. 1In table 2 note that of 11
occurrences recorded ian the Number L seam, Canmcre, eight
took place in intimate association with fesults, whereas in
table 3 for the Upper lMarsh, all eight pushouts manifested
themselves in unfaulted sections of the seam. Although no
detalils on the occurrences in the Number 3 mine, Nordegg have
been recorded by the mine officials 1t is quite evident from
a tour of the Sixth Level district (presently the deepest
part of the mine) that pushouts have been encountered at
practically all the faults, as well as at innumerable places
where the seam 1s undisturbed beyond the regional effect of
lérge scale movement of roof over floor.,

A type of pushout phenomenon hes been observeod
under normal roof and floor conditions in the highly sheared
coals of the southernmost workings of the International mine,
Coleman. Here under aporoximately 1000 feet of cover, the
intensely sheared coal literally runs as rooms are being
driven up the slope. In many instances no pick work is re=-
quired in the opening of such rooms; the miners merely keep
the sides of the excavation lagged tightly to the face in

vrder to direct the course of the pushout. In contrast to
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the spontaneous pushing of the coal in the International mine,
blasting or bumping frequently induces these minor forms of
tlcwouts in the Upper Marsh seam mentioned above.

The frequent occurrence of these phenomena presents
1ittle hezerd to the men, but the rslecss of large quaentities
ol gas results in serious reduction of output from those
sections of ihe mine affecisd, untll such workings are cleared,
Of tentimes several hours may elapse before the gés content
at the face is reduced to safe limits.

It should be emphasized again that pushouts give
every indication of being merely a more gentle variety of
blowout and that such stress relief manifestations show all
gradations from one to the other, in rapidity of movement,
degree of fragmentation, and tonnages of dislodged doal.

Sloughs

Several instances of a different type of displace-
ﬁent of large tonnages of intensely sheared, soft coal have
been erroneously recorded as violent stress reliel’ phenomena.
This misinterpretation is doubtless due to a combination of
the large tonnages frequently dislodged, and the associated
air blast produced by the impact of the displaced material
on the floor of the entries.

There are a few cases on record for the Upper
Marsh seam, Cenmore, (tab. 3) where up to 60 tons have been
displaced, while in one outstanding example at the face of

the Drainage Level in the Number 3 mine, Elk River,
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approximately 200 tons of coal were dilslodged (flg. 20).
This particular instance wes regarded by the mine officials
as a blowout (Ann. Rept., Minister of ¥ines, E. C., 2. 208,
1949). However in the report of the phencomenon 1t was stated
that the dislodeced coal retained its soft, shiny, slicken=-
sided nature, and did not differ from the typically soft,
and intensely sheared cosl of the district. There was no
abnormal amount of gas released during the dislodgment.
Difficulty was encountered in holding the coal
on the high side rib just outbye of the slough site. Figure
20 displays the steeply inclined condition of the roof, and
the dashed outline of the high side rib prior to the slough.
It is not surprising that such phenomena occur in
profusion when levels with ribs either vertical or leaning
over the mine openings are driven under such conditions,
The highly sheared and polished coal fragments of the de-
stressed fringes of the pillars constitute an incoherent
mass quite incepable of supporting its own weight. The ribs,
in seeking the angle of repose, slough extensively, in parti-
cular on the high‘side where the coal is able to fall free
and permit further destressing. - In all instances sloughs
are developed by continuous but gradual read justment of the
coal surrounding the mine openings. Unlike blowouts and
pushouts which occur in intimate asscciation with the advance
of the working face, sloughs may occur at any point, and at

any time subsequent to development work. The ultimate
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dislodgment of the destressed material is frequently spon-
taneous, but often is induced by such jarring méchanisms as
blasting or minor bumping at the face.

There 1s neither readjustment of roof and floor
immediately following a slough (as evidenced by weighting
of the mine props) nor any force of ejection. Moreover
sloughs occur at any depth so long as the coal is soft and
the seam has a moderate to steep dip. There is no change
in size characteristics of the sloughed coal from those of

the coal as mined, and no abnormal amount of gas is released.

VIII. REVIEW OF THEORIES OF VIOLENT STRESS RELIEF

A number of different theories have been proposed
to explain bump and outburst phenomena. 'I'he accompanying
outline will acquaint the reader with the theories advanced

and where known, with the authors who proposed them.

Type of Sub-type Author Proposcd Genesis
Phenomenon : _
Bump shock Rice (1918) rupture and fall of
. super jacent rock
masses
Bump ' . elastic rebound Herd (1930 instantaneous re-

versal of stress
regimen (cantilever)

Bump pressure burst McCall (193L) advance weighting
‘ Rice (1918) (stress arch) lead-

ing to failure of

overloaded pillars

Bump tectonic = 000 oeeceeece-oa- release of strain

energy developed by
active tectonic
stresses



Type of Sub-Ltype futhor Proposed (Genesis

Phenomenon

Blowout depth e ————————— weighting of
cover

Blowout cavity e ———————— cavities of gas

under pressure

Blowout adsorbtion Graham and
Briggs (1921) accumulation of
powudered co&al Caor-
talning metnene
under pressure
Biowout tectonic caulfleld (1927) poinls ol excesslve

strain due to com-
bination of over-~
burden and active
tectonic atresses
Note that diverse views have hecn ontertalned re-
garding the genesis of different types of vioclent stress
relief., It is apparent from these views that there 1s a
tendency touard s sharp demarcation hetween bump and outburst
phenomena. The unbalancing of the stresses that gives rise
to violent bumping on the one hand i1s believed to be caused
by mining practices. In blowouts on the other hand the
stresses are believed to exist prior to mining, in the form
of loading, or vestigial or regenerated ftectonic stresses,
or those arising from the expansive action of pockets of gas

at very high pressure.

The Shock Bump Theory

In conssguence of the serious bumps of Wovember,
1916, in the 1 East mine, Coal Creek, G. S. Rice was invited

to investigate and report on the nature of these phenomena.
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From this vigit arose the Shoek Fuap Theory (Rice, 1918).
The idea however was expressed some years earlisr b . s
Rotertson (1906), Tormer Provinciasl Mineralogist of the
Lritish tolunbia [Lepartment of Mines,

Lecording to Rilece, Lhe prime requisits for a bunp

condition 1s tlhe exlstence of massive, rigid, sandstone, con-
ilormerace or limeshbone beds some dlstsrice alove weaker slrata
in the immediate roof of a seam. Vith the mining out of a
large section of the sesm, or the crushing of pillars from
the welght of the imnmediate roof, these weaker strata are
believed to subside, and 8 lens-shaped cavity is produced
beneath the strong beds. The areal extent of this cavity
spanned by the more rigid beds would depend on the extent

of extraction within the seam and the crushability of the
pillars. Vhen the lower strata subside over a suftficiently
large area (200 to 1000 feet in diameter, say) the massive
béds are unable to stand the strain from the super jacent
strata, and a large disc-shaped plece is belisved to drop
through the cavity ("i, 2, or 3 feet, as the case might be")
and exert a forceful blow on the immediate roof. To account
for various intensities of bumps, different sizes of slabs
are presumed to drop out at varying intervals above the seam.,
Moreover, above any diéplaced slab, Rice helieves, would be

a void of essentially the same dimensicns so that the stage

is set for a seccnd bump in the same area of the workings.

Yith each bump, successively higher voids would become
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progressively more filled with broken rock, so that later
blows would he cushioned and have less effect on the mine
workings below. &ubsidence of the lower measures through
continued crushing of the pillars, or the enlargement of
gots would facilitate the maintenance and zrowth of the
cavities. Great saucer-like masses would continue to drop
until e flexible stratum in the super jacent strata or the
surface 1s reached. Rice assumes that the massive strata
are free of prominent jointing or faults in the davelopment
of his saucer-shaped blocks, as these weaknesses "would
modify the character and size of the falling masses." In
addition the assumption is made that the strata are inclined
at sufficiently low angles that there will be no slippage .
along the bedding planes., He believes steep dips would
radlcally influence the movement of the falling mass and
consequently the nature of the bump. Rice does not attempt
to clarify these last two assumptions. In any event the
impact sets up tremors in the immedirte roof, and the bhlow
is used to account for the breakage of timber, falls of soft
roof material, sudden uplifting of the floor, slabbing of
coal from the ribs, and the release of large amounts of gas,
The reader need only visit Coal Creek to be im=-
pressed with the massiﬁe sandstones and conglomerates that
are interbedded with and overlie the two uvpermost seams in
the Kootenay formation. It is doubtless because of the pro-

minence of these beds that Rlce's mechanism was conceived.
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Considerabls znergy would be involved in the impact ol' large
saucer=-shaped blocks of these highly indurated sediments,
Ls Rice has pointed out the movement need not be very great.

However studies in the Lorraine Basin indicate
wnat massive Leos mey not be the sole faclor in ths develop-
ment of bhumps., Pennsylvanian coals of the Basin are overlain
by nassive ~fermilan and iriassic sandstones and conglomerates,
and yet at cover intervals as large as 2500 feet the seams
are free of bumps (Coeuillel, 1951).

Continued subsidence of progressively higher strata
might lead to sustained bumping localized in certain sections
of & mine where convergence of roof and floor 1s large. Pre-
cise leveling surveys on the surface above the workings (in
additlion to subhsidence cracks) reveal that even with cover
intervals of 2500 feet there is movement of the super jacent
strata above the extracted areas. Moreover bedding=-planse
siippage throughout the coal-bearing sequence must favqr
ted separation, especially between units of decidedly different
competency.

As the particular section of the 1 Hast mine in
which violent bumps occurred was not accessible at the time
of the wrilter's visit, 1little can be said of the influence
of geologic struoture.on violent stress relief there. Plans
of the old workings are lacking in details regarding faults.
It is interesting to note however that frequent reference 1s

made (reports of the District Inspectors of iines) to the
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aésociation of such forms of_violent stress relief with
large pillars ieft to support the super jacent strata over the
primcipal‘haulage ways (Miard, 1939). Rarely is any mention
made. of violent bumps in intimate associatlion with faults.

Much of the fragmentation of the massive sandstone
and conglomerate beds in the upper Kootenay 1s joint controlled,
Tne talus on the slopes of Coal Creek as well as the fragmented
roof rock in caved areas underground confirm this. However
the fact that some extracted areas hang open for considerable
lengths of time after the coal has been mined out suggests
that jointing may not play an immediate role in the breaking
up o0i° the superjacent strata, Ultimete collapse of the rool
rock must be brought about by opening up of these joint
systems and not by fragmentation of the strata into large
disc-shaped masses,

£s Rice lays great emphasis on the presence of mas-
sive beds in the production of bumps, 1is the reader correct
in inferring that with such beds extending to the outcrop
tumps should be of as great a frequency under shallow cover
intervals as at depth? Although this would be a logical
deduction from his theory, Rice makes no such implication,
In fact he states "bumps are manifestations of pressure, and
occur only when mines ére at depth, usually exceeding 1000
feet.™ He uses the pressure aspect of the problem‘to effect
"mine Squeeze" and bring about a subsidence of the’immediate

roof, a mechanlsm so necessary Lo produce bumps accordlng to
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tﬁe Shock Thaofy in areas where only development work has
taken place. However with extensively extracted areas next
to the outcrop3 no such squeezing is necessary so that the
setup should be ideal for the development of shock bumps.
Surface slumping over these mined out areas close t©o the
outcfop is to be observed everywhere, and yet no forms of
violent stress relief whaisosver are experienced. This is
particularly well borne out in the International mine, Cole-
man, Where vast extracted areas extending to a cover of
roughly 1500 feet underlie the massive sandstones and con-
glomerates of the basal Blairmore formation. No violent
bumps have been experienced in this mine,

Evén if the development of lens-shaped cavities and
the concomitant dropping out of saucer-shaped masses of sand-
stone and conglomerate in the super jacent strata wefe possible,
the full impact of the blow should be centered over the gobs,
with the resultant destruction of sacrifice pillars, and
throwing down of roof rock. However it is consistently
found that the center of destruction is in the abutment zone
back from the edge Q;[‘ the extracted areas. The gobs are
least affected.,

At the time violent bumps were first encountered
in the 1 East mine onlj advance work had been conducted, with
no more than about 20 per cent of the coal taken out. There
was a regular distribution of pillars and no large extracted

arees over which extensive subsidence could take place.,



-100~

In view of the violent bumps in the underlying
Number 2 mine (approximately 150 feet vertically below 1
East), there should have been abundant bed separstion in
the strata below and above Number LU seam worked by the 1
Basi mine. Hence in the advance of the latter mine, the
stage should have been set for bumps of a very severe nature
according to the Shock Theory. The mine passed over the bump
area of the underlying Number 2 workings without noticeable
effect, and it was not until the headings were 300 to 40O
feet beyond the face-line of the Number 2 mine that violent
bumps were encountered (Ann. Rept., Minister of Mines, E. C.,
1916). Apparently the Number 2 workings destressed to some
extent the stratigraphic sequence in the vicinity of 10 Seam.
It was not until the 1 East mine entered those areas where
the full loading effect of the superjacent 2000 feet of
strata was borne by the pillars that violent bumps began to
occur.

If squeezing out of pillars is essential to the
creation of voids in the super jacent strata, then bumps
should be encountered in other seams within which there has
been ample evidence of squeeze. The 8 Incline section of
the Number 9 mine, Elk River, and the 3 Left section from
the main slope in the Number 3 mine, underlying Number 9,
fully comply with Rice'!'s concept of a bump regimen. There
has been ample opportunity for bed separation between the

massive units and underlying less competent beds in view of
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ﬁhe sheared condition of the coal, the high percentagze ex-
traction and the concomitant convergence of roof and floor
in the two mines. In nelther instance have violent tumps
occurred,

Prior to the occurrence of face bumps, hard, hlocky
coal 1s almost always observed to become lively., Continual
bursting of small pleces of coal from the ribs and face is
indicative of the strained condition of the coal. Charac-
teristically the final bump comes without further warning.
“The fact that the violence of a bump as well as its time of
occurrence is dependent on the rate of advance of the face
is imecompatible with the Shock Theory.,

Where a high percentage of extraction is practised,
the occurrence according to the Shock Theory should be inde=-
pendent of the nature of the coa2l. Subsidence of thé roof
in the gob would develop the necessary cavities under the
figid sandstone and conglomerates above., (n the other‘hand
if the concept of simple overstressing of pillars is appli=-
cable, structurally strong coals are a prime requisite for
a bump'condition.' Strain energy must be accumulated in the
pillars before violent stress relief can take place, A
comperative study of the physical characteristics of the
coals in those collieries affected by violent bumps has
consistently revealed that bumps manifest themselves only
in structurally strong coals,

In association with the settling of the roof there
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:is an instantanecus upheavel of even greater magnitude of the
floor. The direct blow on the mine roof is, according to
Rice, transmitted to the floor where the coal in the pillars
is strong, and results in a sudden upward movement of the
floor in the entries and rooms. It 18 bhelieved that ne is
implying an instantanebus mass novement of the immediate sub=-
gstratum from under the pillars into the cpenings.

Continual heaving of the carbonaceous shale floors
in mine openings at cover intervals greater than about 800
feet confirms the view of a gradual transfer of materlal from
under the pillars. Where the floor is subject to heaving,
use is made of this transfer to tighten sets. The posts are
placed to lean out slightly over the entries so that within
a few weeks their bases are moved into the vertical, and the
posts are held firmly in position. If they are leaned too
far when first put in they frequently break prior to their
béing twisted into the‘vertical. At the other extreme, the
Toot of the post is carried out beyond the top and the timber
falls out., It is apparent that in order to effect slow move=
ment of the floor'rock, plllars must be of sufficient
strength to transmit the loading stresses to the substratum.
However it is difficult to conceive how coals whose crushing
strength is only one-third to one-half of that of the floor
rock could transmit a sudden dynamiec blow from above and
effect the aforesaid instantaneous displacement of the

carbonaceous shale in the floor.
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In ths Tump of 1950 in the 1 Last mine (sse p. [2)

in which the floor was heaved from 12 to 1l inches, there
was no evidence of an instantaneous mass movement of the floor
I'rom under the pillars into the openings. The floor appesrsd
to be norwal in every respect excent that it wes lifted off
grade. It appearec that the floor had arched in the entries
ana rooms by & simple riss, nob by thicwxsning through move-
ment of rock from under the pillars. The intensely crushed
condition of the pillars and the unshattered state of the
main roof ana flaoor strongly suggested that the pillars had
merely burst under the load., With the pillars then unable to
kesp the roof away from the floor, the latter sprang up and
the roof settled to a condition of equilibrium. &lthough Rice
does not accept the concept of pillar bursting at Coal Creek,
he does entertain that view for some of the bumps in the
Carbonado mine in the state of VWashington.

| In those mines in which precise leveling surveys
have been carried out (McGillivray, International, and Canmore
Number L) it has been found that there is considerable re-
sillence in the underlying strata. In the Number 4 mine,
Carmore, for instance, surveys in an area in which only
sacrifice pillars remain (7 Slope below 2 Gangway Last), re-
vealed that, in the closing of the opening from a height of
10 feet to 1 foot, 6 feet of this convergence was due to
uplift of the floor, and the remaining 3 feet to subsidence

of the roof, Thus a springing up of the foot-wall in
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assoclavion wlth = violent bLump Is certbtainly feasible in
terms of a pillar failure concept.

Litvle has heen seid on the problem of bumps at
Zpringhill, lova Scotia. However the litersture on bumps in
this fileld contezinsd an interesting polnt pertinent to the
discussion of the Shock Theory. Violent humps in these mines
gre belleved to be 1ntimalely related to the thilckening and
thinning of a massive sandstone bed in the super jacent strata.
At the 5100 foot wall, under a cover of approximately 2200
feet, and with an extensive gob to the high side, shock
shooting was attempted in the roof to induce a bump in the
coal below the 5400 foot level. While subslidence of the
irmediate rocf should have created the necessary bed separa-
tion beneath the massive sandstone, it was thought that the
blagt would rupture the bed artificially and allow scme of it
to drop to the immediate roof. Shock shooting produced no
apparent results., Moreover shooting in the seam produced
no violent relief of stress. The stress in the pillar was
partly released by a flowage of coal into the holes, making
it impossible to drill,

In summarizing, there are many inconsistencies in
the 8hock pBump Theory which are readily explained by con-
sideration of a plller straln concept. it is true that
thick, rigid beds play a significant role in violent bumps,
but only in the sense that they enable a transfer of loading

stresgses to the unmined coal. The behavior of the roaf rock
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in caved arees ag wWell as the sffects of wviolent bumps on
the mine workings is very suggestive that the mechanism

proposed by Rice 1s inadequate.

The Elastic Rebound Theory of Bumps

The development of the lilastic Rebound Theory is
due in large part_to the late alter Herd, through his studies
01" violent stress relief in the Humber 2 mine, Springhill,
Nova Seotia (Herd, 1930).

fccording to Herd it has been consistentl, found
that violent bumps do not occur where overhead drilling has
revealed the discontinuance of a massive sandstone had ahove
the Hunber 2 mins or where the Ifloor is wea: enough to heave
in the roadways, A characteristic feature of the Cumberland
coal field is the lenticular nature of this massive sandstone,
thinning to nothing and thickening to 75 feet within a few
hundred feet, From 10 to 20 Teet of shale forms the immediate
roof of the Number 2 seam.

As a given section of the seam is mined out, the
immediate roof (shale) falls out fairly rapidly, while the
massive sandstone is believed to span the void as a beam for
several hundred feet. The beam fulcrums on the caved material
at the inbye section of the gob and on the cocal within a few
hundred feet of the face. On the assumption that the massive
sandstone bed is elastically deformed by the loading of the

super jacent strata, there 1s an upward thrust in the region



] Ofm

immediately outhre 0 the hlighly stressed coal (the akuirmsnt)
near the face, The elastic properties of the coal and immedilate
roof in this ssctor would permit a dilatation,

With the retroat of the extraction line, the measaive
gandstone is strained to the polnt of ruo: ure, tne canti.sver
effect ceases, and the theory postulates an instantaneous
reversal in the stress regimen in tha zone or dilatation -- ¢
rebound. This hammerlike blow, exaggerated by the weight of
the overhead strata, is believed by Herd to be responsible
for bursting of the coal into the roadways, heaving of the
floor, splitting of pillars, and the shaking down of roof
rock, Serious damage from a bump always occurs a few hundred
feet back from the sxtraction line and rarely at the working
face, MeCall (1934, p. 59) aivtributes this characteristic
to crushing of ths coal in proximity to the face by advance-
welghting. The crushed coal is then unable to accumulate
étrain enersgy .

The Llastic Rebound Theory as applied to violent
stress relief phenomena in the Springhill MNumber 2 mine has
much in its favor. Surface outcrops and cross-measure
tunnels substantiate the view that the aforementioned sand-
stone ted is massive, unfaulted and Jjoint-free. It is pro-
bably quite capable of spanning large areas of extracted
ground.

Convergence studies reveal that the roof rock de=-

velops a moderately sharp abutment zone immediately outbye
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of the extraction line (McCall, 1934). with the retreat of
the longwall the abutment zone migrates accordingly, and
there is a corresponding increase in convergence at any given
station. One would have expected however that if the massive
saendstone bed above the seam was acting as an slastic beam,
convergence surveys should have revealed a migratory zone of
dilatation as well as & compressive zone 1I'rom the abutment,
because of the postulated upwarp in the super jacent strata.
While McCall's convergence data were inconclusive in this
regard, the survey did indicate a steady convergence of roof
and floor, the rate of convergence increasing noticeably as
the longwall approached the station. That it would have
been impossible for bed-separation between the sandstone and
the immediate roof to mask out this wave motion follows from
the fact that 15 to 20 feet of shale could not of its own
weight account for this steady convergence.

With a loading of approximately 2500 p.s.i. on the
sandstone beam, one would expect that failure would lead to
a collapse of the bed into the gob. However theory demands
a springing up of the broken end of that segment of the beam
extending over the solid coal in order to cause an instan-
taneous reversal of thg stress regimen back from the face.
In all instances of violent buﬁps, the gob has given no
indication of any unusual movement having taken place in the
super jacent strata.

Highly stressed coal is frequently encountered in
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driving headings in virgin ground or ln splliding pillers
prior to extraction. Tightening of the face along with
spasmodic minor bumpns is definite indication of the strained
condition of the coal. /As pointed out on page 71, a bump
may be inanced by increasing the rate of mialn; unders such
ciremimstances, It is difficult To reconcile this feature
with vhe nlastic i{sbound Theory which demands that the ares
subject to a bump be in a relative state of relaxation prior
to the violent relief of stress.

In addition, the hundreds of violent bumps in the
deeper workings of the Number 2 mine, Springhill, demand con-
siderable bresking up of the super jacent strata to produce
the necessary rebounds. Subsidence surveys (Herd, 1930),
reveal no surface movement in association with the breaking
up of the massive sandstons bod.

Briefly then, the prerequisites for a bump condition
aécording to the Elastic Rebound Theory are a strong shale
roof and floor, a massive sandstone bed over the immediate
roof, and a considerable cover interval. Like the Shock
Bump Theory this concept postulates‘a mechanism which is

independent of the strain characteristics of the coal.

The Pressure Burst Theory of Bunps

In his discussion of the genesis of bump phenomeha
in the Carbonado mines, Washington, G. S. Rice {1918) drew

attention to the possibility of failure of large pillars at
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cover intervals in the vicinity of 2000 reet. He emphasized
thet under the prevailing unsystematic practice of drawing
“the irrepular-sized pillars, some of the remaining pillars,
particularly the largsr ones, were forced to hear the burden
of thy rodistributed stresses. The ultimate feilure of
overstressea pillars was consldered by Rice tTo be The cause
of theses violsiot bunos.

The bursting of pillars under increased load was
discussed again by T. L., MeCall (193l1) in his detailed
treatise on bumps at 3pringhill., His idea was that the
cantilevering of the massive sandstone member in the roof
over the extracted area to the rise and inbie of the long-
wall face led to the sudden failure of the abutment pillars
when their bearing strength was exceeded. The conce?t is
quite analogous to that in the Llastic Rebound Theory, ezxcent
that in this instance the pillars fail rather than the mas-
sive sandstones _

C. T. Holland (1942a) expanded on the theories of
Rice and McCall by pointing out the variations in the physi=-
cal properties of coal in different sections of a seam, and
even in diff'erent parts of the same pillar, Strong coals,
having a low elastic modulus, are capable of storing larger
amounts oI strain energy than those with low ultimate
strengths and a high modulus of elasticity (Philips, 1948).
Hence even with a uniform load applied to a given pillar,

there would not necessarily be a uniform distribution of
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strain ensrgy, particularly around the free faces of the
piliars.

It has been a problem to explain why violent bumps
should be of such frequent occurrence immediately outbye of
the extraction line of the Number 2 seam in the McGilllvray
mine and yet practically unheard of under similar mining
conditions in the i1nternational mine. In both workings the
room and pillar method of developing the seam is practised.
By means of a retreating extraction line the seam is sys-
tematically mined out between any two levels belfore Lhe
coal in the next lower level is drawn. Moreover in the
particular sections of the two mines now under discussion
there is approximately the same cover interval (2300 feet).
As polnted out on page 25, one outstanding characteristic
of the Number 2 seam is the variation along the strike of
the amount of soft, sheared coal (see also fig. 9). The
nérthern sector of the McGillivray workings has consistently
higher proportions of strong, blocky coal. Violent bumps
are localized in those sections of the seam where the over-
all strength of the pillars is the greatest.

This point serves only to emphasize the signi-
ficance of Holland's findings dn the physical properties of
coal in relation to bumps. In the process of developing
or extracting a seam, those segments which are structurally
stronger will tend to carry a larger proportion of the load.

Naturally then highly stressed areas are established. &n



overgtregsing of these coals 1s belleveo tu give rise to a
tump conditiona

‘The reader will recall the difficulty encountersd
in trying to ecxplain the absonce of bumps in aress of in-
tengely shweared coals by the shock Bump iheory ( ». 100},

The squeez assoéiated with such coals even under relatively
shallou deptas oy cover (LU0 feet at jordeg;) nerely indicates
the inabillty of these coals to accumulate strain energy.

On the other hand two violent bumps (referred to on p. 70)
experienced in the strcng, blocky coals of the 1 East mine
were the result of overstressing & pillar remnant. All
evidence points to the dependency of bumps on the strain
characteristics of the coal -~ the ahility of the coal to
accumulate redistributed stresses associated with mining

and to release them with violence.

In explanation of bumps in close proximity to
eitracted areas, the Shock and the Elastic Rebound theories
demand excessive movement of the main roof in the gobs. This
movement is rarely observed. /L conslderation of the over-
stressing of strong coals through its buttressing the super-
Jacent strata leads to a simple solution of the incongruity.
The only motion of the roof necesgary is that associated
wlth the settling of the overhead strata on the crushed
pillars. PFailure of the pillars permits an instantaneous
rise of the remarkably resilient subjacent strata., It is

not necessary to consider the transfer of material by means
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oi’ an impact transmitted from the roof through the coal
(whose crushing strength is considerably less than that of
the rocks either above or helcw) to the floor.

In tne course of 1nvestizating strain characteris-
tics of selected pilllars, it is necessary to drlil holes into
the pillar cores. Frequently such blocks of coal bump vio=-
lently while tre drilling is iIn progress., £8 this mechanismn
of inducing bumps is independent of large scale movement in
the superjacent strata neither the Shock nor the Elastic
Rebound theories can readily epply.

Although Rice, Herd, and McCall recognize that
loading is all important in violent stress relief by bumping,
their mechanisms fail to apply when the super jacent strata
are intensely fractured and no large overhang or cantilever
is possible. In the MeGillivray and International mines for
instance, strong jointing and an abundance of faults are
considered to render the overhead strata non-elastic. Pre-
cige leveling surveys reveal no persistent pattern of
compressive and dilatory zones accompanying the migration
of the extraction line. Simple overstressing of pillars to
the point of rupture, however, does not require a large scale
transfer of load if the cover interval is adeqguate.

With increasing load at progressively greater depths,
it would be expected that with the same seam characteristics
there should be an increase in frequency of violent bumps

regardless of the ability of the super jacent strata to act
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&8 beans., The thock and Jlastic Rebound theories on the other
hand imply that heyond a critical cover interval (roughly
1000 feeﬁ)J the frequency of bwnirs would be dependent solely
cr. the ablility of the masgsive beds in the superjacent strate
tu behove as boans.  Ths relatlion betwsss cover Intzrval mzrd
frequency of occurrence of viclent bumps as revssled in figure
16 ravors the pressure burst aypothesis.

In the ultimate analysis & bump 1s the result of
overstress, The problem 1s to evaluate the zvailable data
and declde wnether tThe sitrain energy released is accuaulated
in the cogl, in the sssocisted rocks, or in both, Morsovar
it is fundamental to lmow the source of this energy, whether
tbrougﬁ.anomalous redistribution of loading stresses, perhaps
localized by geoclogic structure, or whether vestipgial or
regenerated tectonic stresses might be contributory. Lvailable
data on the influence of the redistribution of mining stresses
on the coal sesms and associated rocks strongly favors the
ecceptance of the Pressure Rurst Theory for violent relief of
stress by bumping. The writer should emphasize that his
scope has been limited to selected collieries of the Canadian
Cordillera., The observational data on which the above ap-
praisals of current bump theories were mede will doubtless
be tempered by further studies in eastern North America and
abroad.

The Tectonic Theory of Bumps

The fact that faults in some instances cited in the
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literature tended to localize the occurrences of bunps led
many authors to believe that active tectonle stresses have
developed concentrations of strain energy in the strata
prior to mining. This mechsnism has proved ideal in netal
mines 1n explaining rockibursts at shallov dzpths (2000 fzet),
and in coal mines in explaining district bumps under 500
Peet of cover suud face ruaps in developrient vork at grestanr
depths. There is no instrumental evidence as to whether
guch faults are undergoing secular strsin., However precise
leveling surveys of strasta movement at an extension fault

in close proximity to the extraction line in the McGilllvrey
mine has suggested that such a zons 1is 'dead', In other
words the roof strata do not behave as beams in the sense
that adjustments agsoclated wlth movement of the extraction
line are transmitted across the fault. The blocks on either
side behave as entities, It may be then that the occurrence
of bumps in clcose proximity to a fault is due to anomalous
overloading of the cosl in the vicinity.

Note moreover that conditions were perfectly
normal in the cutting into pillars of that section of the
Number 2 seam in the McGlllivray mine which has heen folded
( ps 25). Certainly if tectonic stresses were presently
active, this région woﬁld be the most likely of any in the
seam at which stress might be accumulated.

The type of mining definitely influences the

Irequency ol occurrence of bumpsS. Lt has been tound both
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on this contlnent and sbrosd Lhal under largs couver lalblervals
a longwall system of mining greatly reduces the occurrences

of violent bumps (Holland, 1942b; Bryson, 1935; Walker, 1927).
By this system, & seam is develeoped to a minimun prior to

its beiny exlracted and herce there is 3 more unilorm disge
tribution of loading stresses on the unmined coal,

From the foregoing discussion of' other theories
propossd to explain dDumps, 1t was seen that three factors of
prime importance in the development of a bump condition were
cover interval, strength of the coal in the pillar, and
ability of the floor to resist heave. TUnder sufficilsntly
great depth of cover vlolent bumps characteristically occurred
in pillar rermments or in the abutment zone back from extracted
areas., Moreover a violent bump might be induced by increas-
ing the rate of advance of a heading or extraction line in
strong coal,
| It is apparent that 1f secular strain is affecting
the coal fields of the southern Canadian Cordillera, its
consequence must be of a minor order. As far as can be oh=
served, bumps, whatever their intensity, are due to failure

of overstressed coal in zones of redistributed mining stresses.

The Depth YLheory of Blowouts

The concept that cover interval alone is responsible
for the occurrence of blowouts is now outmoded in view of the

complex relatlon found to exlst hbetween such occurrences and
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cover interval, structural characteristics of the seams and
mining practices. Depth of cover 1s all important since
blowouts are unknown at cover intervals less than about 550
feet. However the fact that seams underlying tlhiose subject
Lo outburst phenomena are frequently mined without incident
is sufficient evidence that depth alone is not responsible
for the development of this form of release of strain energy.
There are several good examples to illustrate this point:

at Coal Creek, Number 2 seam, which is roughly 150 Teet
lower in the section than Number 1 seam (1 East mine) is en-
tirely free of outbursts; & similar situation is found in
the Cevennes Basin, Central France (guentin, 1952), where

the Jeanne seam, 65 feet stratigraphically below the Grande

Couche, is free of outbursts; alsc in the Nanaimo coal field,
Vancouver Ialand (Touhey, 1923), blowouts have been confined
to the Douglas seam, which is the uppermost of the three

principal seams in that field.

The Cavity Theory of Blowouts

Because ol the large volumes of gas characteristi-
cally released in blowouts, the idea has been entertained
.that cavities of gas under excessive pressure exist in ths
seams. Moreover in boreholes driven sahead of the face, gas
pressures of a few pounds per square inch have been recorded,
as in the 1 East mine (Rice, 19183).

However in the course of drilling miles of
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exploratory holes ahead of the working faces, never hes any
cavity or reservoir of such compressed gases been encountered.
This point in itself is sufficient basis for refuting the
Cavity Theory.

The [dgorbiion Theory ol plowonts

Following an investligation of the adsorbtion of
sreLlizie and otlisr pases 1o coal, Graham and poipes (1921)
proposed an interesting theory of blowouts, They attempted
to reproduce the mechanice of such a phenomenon in the
labhoratory. By experiment they setisfied themselves that
lump coal highly charged with methane did not disintegrate
te dust when the gas pressure was suddenly released. Hence
it was believed that blowout coal must be powdered prior to
the instantaneous release of strain energy; and since out-
bursts were occasionally localized at points where headings
were beirng driven across fault planes, they concluded that
dutbursts were due to the sudden relsase of adsorbed gases
held under pressure in tectonically fractured and sheared
coals,

Whatever the physical relation of the hydrocarbon
gasces is to the coal, it is true that an abundance of gas lis
released with the disintegration of the coal in a blowoutb.
The question is whether the gas is the product of this dis-
integration or the cause.

Innumerable instances of drilling exploratory holes

ahead of the working face have never revealed the existence
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of nockets of soft, I'ine coal charged with gas undsr preg-
sure. For that matter the largest tonnages are most
forcefully ejected in nining hard, brigh%t, blocky coals
(c.f, Canmore, Number lj seam). Moreover a large number of
highly sheared seams is milned in the Nansimo, Crowsnest and
Cascade coal fields, in which no trouble from blowouts is
sneouncered,

The adsorbtion Theory although recognizing the
intimate relation between the gases released and the coal
dlsintegrated, falls b0 dlsllngulsh whether these gases are
an effect or a cause of the 7violent release of straln energy
in klowouts,

The Tectoniec Theory of Blowouts

The influence of active tectonic stresses on the
release of strain energy in the mining of coal seams in
orogenic belts has been considered hoth on this continent
ahd abroad. Dernard Caulfield, late superintendent of the
Coal Creek mines, was perhaps as famillar as anyone with
blowout phenomena., It was he who proposed that in the mine
workings there were points of "regional extreme pressure”
from a combination of the cover interval and accumulated
active tectonic stresses (Caulfield, 1927). 2According to
Caulfield, when these.“pressure points" are released, with
explosive violeﬁce, the forces break up the ejected coal
80 intimately that the gas 1s liberated. The principal

reason for his advancing the theory was that on occasion
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outbursts were acconpanied by earth tremors whichn shook

the houses in Coal Creeit. Iloreover, Caulfield drew attention
to the occurrence of tlowouts at faults, pinches and swells
to support the Tectonlc Theory.

Fror a comparative study of coal seams troubled
with outbursts, throughout the world, it 1s immedlstely
apparent tnac this fomi o violent release ol strain energy
is characteristic of mining in orogenic belts. However it
is in such regions that the cover interval increases rapidly
because of steeply dipping seams and the mountainous terrain.
It is universally accepted that there is a minimum depth of
cover above which bhlowouts do not occur. The guestion im-
rnedlately arises as to why there should be a minimum cover
intervel if tectonic gtresses exist more or less homogeneously
throughout a mountain mass. One would think that in this
case Tthere should be equally as great a probabillity of vio=
lént release of strain energy near the outcrop as at depth,
other things being equal,

Since blowouts are apparently limited to orogenic
belts, if one is to accept the concept of active tectonic
stresses, then why are such strain accumulations restricted
not only to certain tectonic units within the belt, but
also to specific seams.within a given unit? In the Crows-
nest Pass, for instance, it has been pointed out that
blowouts have occurred at Coal Creek, but are unheard of

at Coleman. Recall that the Number 2 seam, Coleman, is only
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550 feet stratigraphically above the Coleman fault. More-
over, of the seams mined at Coal Creek, only the Number 10
seann 1s reported to have had releases of strain energy in
the form of blowouts.

If one accepts the view that active tectonic
stresses are in large part responsible for blowouts, then
one must also accept that accumulations of sirain snergy
take place at structural discontinuities such as faults and
folds. The most likely place for such an accumulation
would be in the axial region of a fold. Such a structure
is unbroken and hence there is no ready means of siress re=
lief except by tightening and overturning. & fold is
present in the Number 2 seam, Colman (fig. 7), and as already
pointed out no blowouts whatsoever were encountered durlng
mining operations in any section of this seam. In the case
of faults, blowouts occurred at only a very small number
~of intersections of headings and fault planes at Canmore
(14 out of approximately 275), at no such intersections in
the two seams mined at Coleman, and according to the
literature at few if any intersections in the 1 East mine,
Coal Creek. At the Number 3 mine, Nordegg, however, a
mild form of blowout (pushout) 1s characteristically en-
countered at intersections of working faces and rault
planes. Those occurrences in intimate relation to faults
may in part be due to the anomalous redistribution of

loading stresses in the course of mining operations.
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Considering the relationship of mining practices
to klowouts, it has already been emphasized that they occur
most frequently during the cutting of a seam Into pillars,
only ovccaslonally during the splittlng of pillars, and
rarely duri.ng the process of comnlete extraction, Moreover,
blowouts consigtently take place in close oproximity to the
working fecs, wud coms elther from the top ot the high side
rib or the top of the high side corner of the face. The:
time of occurrence may be controlled by the rate of advance
of the face; the faster the coal 1s mined, the sooner will
the occurrence of a bilowout take place. If tectonie
stresses are coniributory, blowouts should be independent
of depth, of dip of the seam, and of size or shape of the
mine openings. The most violent occurrences should always
be localized whkere the workings cross Specific geologic
structures such as faults or folds. Ls already pointed out
the vast ma jority of such instances of violent stress re=-
lief phenomena in association with faults have been of the
least violent type (pushouts).

Briefly then it is belleved thet the Tectonic
Theory of blowouts overeriphasizes the importance of secuw
lear strain in the rocks of the Canadian Cordillera. If
tectonlc forces are présent at all their influence on the
development of a blowout condition is apparently negligi-

ble.
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IX. STRUCTURE AND VIOLENT STRESS RLLIEr

The present physical condition of the seams
governs the type, frequency, and intensity of occurrence
of violent stress relief. To apply a phrase so common in
foreign literature, it is the 'tectonlc preparationt! (Iste,
1937), which governs the violent stress relief character-
istiecs of the coal.

In part IV 1t was concluded that forward movement
of the overthrust masses was responsible for the faulted
and sheared condition of the coal gseams. Shouldering of
the overthrust masses effected a gentle flexing of the se~
quence, first one way, then the other, the periods of
stretching bringing about extension faults, and the periods
of compression, contraction faults. Moreover a tendency to-
ward similar folding in the coal bearing sequence effected
considerable destruction of primary features in some seams.
The more competent units through bedding-plane slippage
superposed on the coal a consistent drag-fold pattern in-
dicating a differential motion between the beds, with
upper beds sliding over those lower in the section.

As pointed out in part VI a bump regimen is be-
lieved to result from a complex interplay of several factors,
cover interval, extent and proximity of extracted areas,
variation in physical properties of coal and associated
rocks, and rate of advance of headings and extraction lines.

Vioclent bumps occur in deep coal mines whether or not the



~123a

mines are locatsd 1n orogenic belts, but they occur cnly in
seamg in which there has been a minimum of shearing. ?re-
clze leveling surveys tend to suggest that anomalous redis-
trivution of load in the vieinity of a fault nay account for
Lie spasmodic localizetion of bumps In the ilnvediate aiza,

on tne other hand note that not only are hlcucuts
experienced solsly during .laing of coal in orogenic belts,
but also that they are localized to gelected seams in &
given tectonic unit within a helta

Two additlonal factors in the occurrence of blow-
outs are the dip of the seam and the presence of faulis.
However as the seams of the Canadian Cordillera subject to
blowouts do not differ radically in dip, there is no means
of substantiating the statistics of Yarovoi (1948) from the
Don Basin on the increase in frequency of blowout phenomens

with steepening dips. Moreover blowouts frequently occur

b

n intimate association with faults. Of 3l recorded in-
stances at Canmore, 1l were intimately related to visible
faults in the seems. At Morrissey and Coal Creel on the
other hand, they apparentiy occurred without any relation

to the occurrence of faulting (Wilson, 1947). The signi-
ficance of faults in the development of a blowcut condition
is believed to be no gfeater than in the cease of bumps.
Their presence may lead to anomalous stress redistribution.
In the case of blowouts 1t is appearent that Leyond

a minimum cover interval depth no longer plays the role so
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signiticant in bumps. Moreover Lhe facl that vlowout pheno-
mena are intimately related to the advance of headings in
virgin ground makes it difficult to accept the beliel that
these forms of violent stresgss relief are due solely to an
overstressed condition of the coal. Statistics froa the
Number I and Upper Marsh seams, Canmore, show that of 3l
instances of biowout phenomena, 32 oeccurred during the
cutting of the seams into pillars, the remalning two during
the splitting of pillers prior to their being extracted,
There is something subtle ahout the blowout regimen as op-
posed to that of a bump.

As far as could be interpreted from a survey of
the literature and from a study of violent stress relief
phenomena in the two seams at Canmore, beyond a certéin
critical depth three factors in particular dlctate the
mechanics of bulld up and release of stress in a blowout:
the redistribution of stresses about a mine opening as it
is being driven; the physical properties of Lhe coml; and
the physical-chemical relation of the coal and the associated
gasses. Without exception those blowout phenomena experienced
in driving levels have manifested themselves from the high
side corner of the working face or the high side rib immedi-
ately adjacent to it. Those occurrences experienced in
driving rooms either up or down the dip alsc ocecur in inti-
mate assoclation with the advance of the face. In these

instances less violent forms (pushouts) frequently result
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in a dislodgment of the bench ccoal, while more violsnt fourms
characteristicaelly arise from the top corner of the face.
Moremver'those blowouts experienced in driving openings in
flat sections of the 1 East mine, Coal Creek, almost without
excention cane from elther Lop corner of the working face,

In order to explain the intimacy of blowouts with
the corrnigrs of the working face an investigation must be
made of stress distribution about a given shape of mine
opening. &8 such openings in coal mines rarcly assume a
simple geonetrical form they do not lend themselves readily
to such an investigation either on theoretical grounds or
by means of models in the laboratory. To complicate matters
the assumption of a homogeneous, elastic medium bhreaks down,
and even in the simplest case two media (the cosl and the
assoclated rocks) of gqulte different physical properties
rmist be considered. It is apparent however that a blowout
condition must be due in nart to the redistribution of stress
about the corners of a mine opening, VWhat relation this has
to the second factor, the physical properties of the coal,
is uncertain,

it has been observed however that the structurally
gtronger coals of the Number li seam, Canmore, are charac-
terized by more violent occurrences -- larger tonnages more
forcefully ejected and more highly disintegrated. Crude
though the analogy may be, the stronger coals seemingly are

better able to dam back the release of strain energy to the
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that part the gas in the coal must play in these
plienonera 1is at present unknown. Is the gas held within *he
ccal at extremely hich pressures so that in the finzl burst
out it is responsible for the fragmentation of the ejected
ccal, ocr 1s the gas merely reolsased &g a result of intense
digintegration of coal in a highly strained condition? Ex-
tenslive research presently being conducted by the Fuels
Division of the Canadian Department of Mines and Techniecal
Surveys has thus far indicated two possible factors in blow-
out occurrences; one is that the permeability of coals in
close proximity to a blowout is apparently less than normal
for a seam llable to such ocecurrences, and secondly that
there 1s a destressing snd degassing of a large volume of
coal in the lmmediate vicinity of the cavity at the moment
of a blowout. Thus the tonnage ejected 1s but a srall part
of the coal involved in the blowout. These points although
tentative are introduced here merely to orient the reader
to the progress in other aspects of the problem.

Whereas there is every indication that bumn phenomene
ere directly attributable fo overstressing of cosl in abutment
zones, the gquestion of the mechanics of accumulation and re-
lease of stress in blowouts remains unanswered. The data
thus fer suggest that a combination of the physical-chemical

relations of the gas to the cosl and a nonuniform stress
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condition in the coal are the prerequisites for a “lowout
condition,
s CONCLUSIONS

A study of the structural conditions of the coal
fields of the Caaadisn Cordilleruw reveals several importaant
conclusions on the relation of structure and mining practices
which pives rise tn sccurrentes of vioclent strsss relieis

(1) The structural conditlons of the seams in the
Disturbed ltelt are explicable in terms of the principle of
shouldering on bedding=-plane thrusts.

{2) The tectonic preparation of the secams is all
important in governing their stress rellef characteristics,

(3) Secular strain if existent in the Canadian
Cordillera is not a primary factor in the development of
violent stress relief phenomena.

(L) As far as can be observed bump phenomena are

simply the result of fallure of overstressed coal in abutment

]

zone

[ 4]

(5) Revision of mining methods has been found favor-
able to the reduction of occurrences of violent bumps.

(6) Therec is a minimum depth level above which
neither blowouts nor violent bumps are experienced.

(7) Data from both the 1 East mine, Coal Creek,
and the Number l} seam, Canmore, indicate that beyond a cer-
tain cover interval (700 feet in the former mine, 1100 in

the latter) the frequency of occurrence of hlowout phenomensa
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drops off sharply.

(8) A blowout is believed to arise from a com-
plex physical-chemical relation of the gas to the coal, and
a nonuniform redistribution of stress associated with the
aodvance of the working face in virgin grouad.

(9) Mueh 1light may be shed on the mechanies of
accumilation and rslease of strain ensrzy in a blowout
through further research on the state of association of
methane with coal when the two media are in a highly stressed

conditione.
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FIGURE 4

STRUCTURE MAP OF THE NUMBER 3 MINE, ELK RIVER COLLIERIES, BRITISH COLUMBIA
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FIGURE 5

STRUCTURE —SECTION OF THE CROWSNEST COAL AREA, ALBERTA
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GEOLOGIC MAP OF THI KCCTEMALY FCRMATION
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FIGWRE 7
STRUCTURE MAP OF THE NUMBER 2 SEAM, MG GILLIVRAY MINE, COLEMAN, ALEERTA
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FIGURE Il
STRUCTURE MAP OF A SEGMENT OF THE NUMBER 4 SEAM

MC GILLIVRAY MINE, COLEMAN ALBERTA
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FIGURE 12

STRUCTURE — SECTION OF THE CASCADE COAL AREA, ALBERTA
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FIGURE 13

STRUCTURE MAP OF THE NUMBER 4 MINE, CANMCRE, ALBERTA
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