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INTRODUCTION

3 vears the writer has had the

i ot e e g 56y
el Lie },m-»‘.at T

¥
H

1ty to study the effects of rock bursts in

R

“oe Larke shore line, Kirklend Lake, Ontario, and to

rotosar information on rock bursts in the adjoining
insg to 2ast and west.

"ocK burstas is closely

£

ince the preverntion of

{2
&

1

ralated to mining methods, the practical side of

e investiosation has received consideravle atten-

ne problen oF roex bursts is recognized by
wooange men te be vather complex, This is largely
due to the many variable factors with which we must
deal. There are no two mines in the world with con-
iitlens exactly parallel from which we may drew def-
inite eonclusicns, unless they are adjoining.

Hock bursts are due directly or indirectly to

ceeowmedoht of trne rock masses, the suddenness and

violunce of the failure of pillars depending on the

recter of the rock, and the presence of concentrat-

s2. The fact that rock bursts have increas-

Eoyver QG
FreBsee

5

cwerity with increased depth, especially in the



=ep nines of Indla, Africa and ilichigen, is proof
ot depth and consequently pressure are the main
causes. Also it is found thet the effect of pres-
sure upon a locality is as the relation of worked
out areas is to the solid areas.

The first rock burst to occur in the Lake Shore
wine was in 1601 East drift (box hole pillar) August
8th 1931 at 9.30 P.M. Since then crush bursts have
occurred from the 1400 down to the 2800 levels.
Strain bursts have occurred in the shaft down to the

4450 pocket,
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PURPOSZS OF THE INVESTIGATION

L. U0 find the locus of the rock bursts 2nd ,ather

ant infomaticl zs to

nelr relation to fault nlanes
ne willsrs,

NP

Ze To obtzin = c¢lose creck on pressure novenments in

S,  froc o the greracter of the roexs to deternaine the

~ogt Likelr nlaces that rock bursts gl oecuT.

o test the uwse of tie geoprone in detemml

i

3

bt

e
te

crovnd novernent s, 4180 to ssceriain whetiher thisg

instrmiment could e used with electrical amplifiers

[

S

. The collection of literature on the subject of

woei bursts and the vaerious methods of storing an

supnorting the grornd in order to minimize or elim-

=te the 2Tfoct of these hursis.

S, Fror the mccurmlated information and from the facts

o, t ¢ to raxs sugpestions for orotective meas:res

conen o oon nossible.

o oive warning of lmpencing rocex bursts to the iners.



CLASSIFICATION OF ROCK BURSTS

The Witwatersranc Rock Birst Comnittee have
classified Tocx bursts into the following headings:

(&) Spitting where a small piece of rock flies out
from the solig.

(b) "Sudden flaking" ~heve a slab scales off withe
out pre-existing fracture.

(c) "Sudden fracturing" where a creck forms OT 0pens
in the rock.

(d) A rocx burst accompanied by movement of the walls
of a working place and a shock or tremor.

Tre categories (a) (b) znd (c) may be classif:ied
nnder the common ca:se known as "strain bursts" and (d)
as "c¢rush" or "pressure bursts."”

It is reco,nized tnat these terms are not stroetly
accur:te, but are nore satisfactory than the terms
"sir blasts and quakes."

Strain bursts are due to the strained condition
ol the rock affescted. They may be caused by former
¢omrnression of rock owing to the depth below the sur-

£, e

.0 geologie moverent, change in the ninersl

L

. o.ncasition of the rock; or recent action such ar gooling



in water or air, blaéting in the vieinity or pressure
brouzht on the rock by subsidence of the hanging wall
of the worxing place.

Crush bursts are due to the failure of the rock
to support excessive pressure and are accompanied by
movement of the walls of the working place. The
pressure is due to the weisht of superincumbent strats
supported by the pillar or remnant affected.

Practically all the rock bursts in the Lake Shore
Mine where any damage has occurred, belong to the type

known as crush bursts.

GENERAL GZOLOGY ANI» STRUCTURE

The rocks occurring in the ares surrounding
Firklend Lake are all ~re-Cambrian in age. The old-
est and most extensive formation is the Keewatin,
wich consists of highly metamorphosed lavas and
diabase, and 12inor quantities of iron formation and
voleanic tuffs. AV Kirkland Lake the productive
vaing ore associated with rocks younger than the

~vutin. These rocks, consisting mainly of



Timiskeamian sedimerts ang intrusive masses of syenitic
types, occur in the form of a comparatively narrow
srrncline in the Keewaﬁin basement.

The syncli:al structure, which is marked by sed-
imentary formations ang represents a line of weaskness in
the earth's crust, extends from the Matachewan area for
75 miles to the Juebec boundary and then a farther
distance of 125 miles,

CLASSIFICATION

In =he followin: tables the rocks and superficial
deposits are classif.cd according to relative ages, the
cldest at the bottom,.

LEGEND FOR THE KIRKLAND LAKE AREA

.-aternary
Glacial and T cent Sand, gravel, swamp
ire-Cambrrian Diabaese dikes

Lamprophyre dikes
Syenite porphyry
Red Syenite

Algoman Bagic¢ syenite and lamuprophvre
Serpentine
Horneblende and biotite granite
and gneiss, syenite, granite,
porphyry, pegmatite, horneblendite.



Volcanic tuff

o ‘ Voleanic flows - trachyte and
Timiskamian hasalt,

Conglomerate and grevwacke
Rusty carbonate

Keewatin Pillow lava, altered diabese,

green schists, rusty carbonate
iron formation and tuff.

INTRUSIVE ROCKS OF THE XKIRKLAND LAKE AREA

The first nhase of the igneous invasion is
represented by a very basic syenite which resembles
certain lamprophyres in structure and comnosition.
This rock is followed by & more acid syenite of rel-
atively high potash content, which is in turn cut by
& srvenite porphyry rich in soda.

Field relationships indicate a close bond between
the lamprophyric and red svenite types. The latter is
invariably found associated with large masses of the
former, no ingtance being known of red syenite intrud-

in.: the sediments away from the basic type.

LAMPROPHYRE AND BASIC SYENITE

e texture is rather coarse compared with that
s+er intrusive rocks. The rock consists

»f an.-ite and alkali feldspars.



The very dark basic type shows in many cases a
t;radvual transition to a light-colored phase with a
sm:ll amount of aucite ang an increased amo:nt of
feldspar, thus grading into a normal syenite. The
common term for this rock underground is syenite
while the darker type is called lamprophyre.

When the basic syenite is adjacent to later
intrusives it becomes reddish in color. The rock
also develops a less basie aspect alon; vein walls
or where cut by fractures along which gases and solu-
tions have circulated and caused alteration. The
first step in alterati.n is the change of pyroxene
and biotite to chlorite and carbonates. The felspars
are next éttacked and altered to sericite and replac-

ed by carovonates,

SYENITE PORPHYRY

The voungest member of the svenite series is a
ccrooyritic type in which the phenocrysts are mainly
1bite feldspar and an occasional othoclase crystal.

soco varies from grey to red depending on the

¢
o



=xnent of alteTatiun. The slightly altered pcrphry

v the lover levels is grey and in some cages guite
carz owing to the presence of ferromagnesian minerals,
prineipally biotite. There is not much quartz along
the ore zone, especially on the upper levels. Apatite,
maegnetite and ilmenite are the common accessories;
chlorite und sericite are the chief alteration products.

The secondary calcite which fills the interstices
of the rock mass appears to play an important‘role in
the problem of rock bursts. See discussion under

Character of Rocks on page 17 .

DIABASE

This rTock is typically diabasic in texture, is
fine graired on the nmargins and coarse toward the
niddle of ths dike. Interstitial quartz, and altera-
tion of tre plagioclase and augite to epidote and
chlorite nay be seen, Magnetite, ilmenite and

.ostite are the common accessories.



LAUPROPHYRE DIKES

Likes of nica lamprophyre are seen cutting tne
crunlte and syenits masses exposed to the south of
tne Tiniskamian belt,

DIABASE DIKES

Tiere are thres important dikes of*®iabase in

the Hirkland Lake camp extending in = northerly
directione. One of these dikes on ithe Lake Shore

property is near the boundary of the Teck-Hughes
ineg., The width of the dike averazes 45 feet;the

dip is 85 degrees west and ¢eneral strike is North

15 degrees Tiest.

STRUCTURE

Tre series of more important geological events
in, up to and followin  the Tormation of the ore
4iszg may be swarized as follows: Pressure associa-

1th the invasion of 2 batholith of Algoman granite

ne of the Timiskamian series and the



‘eewaltin on a general east-west line and thus produced
tne synelinal structure of Kirkland Lake: along lines
of weakness developed roughly parallel to the folds,
differentiates from the deep seated granite magma con-
sisting of syenite types, porphyry and diabase were
injected; release from continued pressure, which was
applied from the southwest to northwest, produced a
geries of overthrust faults extending in apapproximat-
ely =asterly direction; deev seated mineral solutions
began to circulate tirous. some of the fractures form-
2d and in the case of the "Main Break" at Kirxland
Lake, fanltin and ..ineral deposition contin.ed con-
temporaneously over a conciderable period of time, which
appear to post-date the end of the »eriod of vre depo-

ition; finally erosion, extending over an lumense

4]
i

length of time and still proceeding, removed the upper
~urts of the folds and changed a region once mountain-

~u8 into one of low relief.



SN 2T ; PO R
+NTHEUSICN OF SYLNITE RCGCHS

L8873 wTe Twe principal zones along which igneous
SoChs come up in considerable volume n the Temisxamizn

series. 3Both are in the north limt of "he gyncline.

MINERALIZED FAULTED ZONES

There was no éoubt faulting during the injection
of the intrisive rceks., The faults of most economic
interest are those vhich wers formed after the rocks
solidified, since alons some of these breakxs ore-bear-
ins veins wecur. The "ljain Break of Xirxland Lake is

one ol a number of warallel faults.

"THE HAIN SREAK"

The veins of irilund Lake are simoly bodies of
seeondary minerals fiiline: fractures in and partly
revinelin o The country rock along a faulted zone which
18 been styled the main break of the area. The

4

Parilts follow a remarxably straight line,

*
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surigin. about Ne 65 E. Apparent changes in the strike



Toe veing g

are .iostly due to offsets =ng ceused by

< stemw of northesouth faults thet displace the

d
QD
-t
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JEE NORTH VEIN FAULT

This is the vein on which all the TOocK bursts
have occurred in the Lake Shore lLline. Detailed .ap-
ping of the surfece brings out mueh information in
re ard to the movement on this great fault. On tre
Teck~-Hughes properts its nreserce is plainly shown by
the occurrence of con lomerate on the north side of
the velns and i cous rock on the southe That t-is
8 not an ordinery contact between sedinents anc
intruisives is clear from the Tact thet tlie corntact
¢ Tz across tlhe strike o the vorphyry dikes, a
condition that c2n be accounted for only by faulting.

Jee Ti-vre raye 1l6.

The first known displacement occurs at the Lake

“i ¢; gurliace mapping shows plainly a displace-

’

= - 2.; Teet to the south on the east side, At a



nuolby Teet east of tle Lzke Shore dike the south-
“Loeonglomsrate tuff conteet is plainly moved to the
rorbhoon the eust side for a distance of 80 feet,

The next fault to the ezst is known in the Lake
sacre line as No. 2 fault. It shifts the Ko« 2 vein
to the north on the east side about 40 feet on all levels.
It is not clear whether the nmovement died out between the
two veins or whether it crossed both, causing apparent
horizontal displacement of the so.th-dipping No. 2 vein
and not tne vertical No. 1 vein. The structure as seen
underground suggests that the fault is a minor one, the
ore shoots coatinuing on both sides of it without much
disturbarncea.

Between thils fault ani the No. 1 shaft on the Lake
sShore iline there is another small fault known as No. 1
fault which shows on all levels and affects both veins.
The horizontal cicplazcemnent is about 30 feet.

The next fault is very important. The two main
veins ©of the Lake Shore liine are displaced along the
olzne of the fzult so that they pass through the Wright-

ilargreaves property.
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it hzg been fournd in the Lake Shore I'ine that the
shreical character .f the rocks is of prime importance
in the consideration of rock bursts. The classification
nay be based n hardness, brittleress or friability, on
one hand and softness and pPiasticity on the other.
Sase of the most Severe rock burits have occurred in the

sysnite vorphvry on the sast sile of the :2ine. This rock

pte

& writtle and friable--no doubt the Triaebility cornes

T

s

0. the fact that the rock iz cenented with calcite, s
v.Ty friacle minsrcl. The writer has nacde several

thiin sections of the roek tanen frow cifferernt .arts of
tite mine where rock bursts nzve occurred in tiie syenite
norphyry. These sections under the nmicroscope usually
show meny sm:ll caleite stringers. See nhotographs on
wape 20,

This c¢luss of rock is cepabls of sustaining ccnsider-
ahle welght without deforuation; but when the limit of
St frmusndng or shearing strength is resched a roci burst
The writer hse fond by testing the rock under

cogwure, tist the basice svenite, -.ost of which

Toeow s Ih, fas g greater crushing and sheurs
R R T T o= - Toxr gy, no " e I Nt
e footne syenite porphyry. The shesring



[
0

stTencts o T svenite rar from L1760 vy 3900 -ounds

perT o square inch on several ol drill cors,

fhe shearing strength of Yic porphyrr rarn frow 1800
te £990 pounds per siuare inch. Several TOCK burats
have occurred at the contzct of the §yenlte and the
porphyry. There s22m8 to be & weskness along the con-
tact of these two rocks. However tnis ia only & sup-

position and nothing derinite has been proved u

to

‘ot

cate.

Where mud seeams are found the rock usually vields
without disruption. Photograph on pzge ¥C shows the
Tlcor pillar heaving along a mud seam on the hanging

well side. In tu

@

wide sections this ground becomes

¢

"heavy " and danger of ¢svins cc.urs vhen the sills are
The direction of the planes of fracturs in tae rock
are important in predicting a rock burs.-- especially
where s strain burst cccurs. But in crush or pressure
bursts brought about by stoping conditions the fractures
4o net play such an important role. In this casge the
rrogsure is great enough to rupture the rock regardless

T2 direction of the major planes of fracture,



s
B

When the plune ¢ fracture is srallel or normml
to the vlane of the veiln the maxi oo dancer exists. In

tiie form=r case ve neve bursaiz iy the walle of tre drift

[ P

or stope; while in tle latter the bLovsts cecur in s
floor pillar or stope bacis., Photcsranhs on DAEFE £~ 8ROWB
planes ©f fracture that are normal 1o the vein, Pregsure

exerted from the back ¢i the dri:t or wells i1l csuse

T e - Ty g e - ~ - . .
glebs to wurit from the baer of the érift with a 1oud
report. Photeogrerh on tage o7 shows freocturine approximat-

ely parallel to the dip of the vein., The photograph on

pEe 84 shows fractures crossing the vein at variocus sngles

other than 90 depgrees, The Canger of Tood buTst: has

- .

neen Yound under the:zse conditicns to be &t 8 minimum.
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Cross- Fractures



YR Y p e AN " @ s
L TNG S0DS AT THE LAKY SHORE LINE
3 ¥4
1-3;_ TR TR T B N A R 3 o opd ¢
. bronistory P uhe dirns srrinka. e etrnnds
e TR, 3y L ey e, 1 o T3 e - \ .
R RGOSR L W ae, Sreests were carried fron & to o

about 2«0 feet apart., Prillars were left in
cprort Yhe walls. There was no gystematic
backfilling wntil July 1930 when stopss 1670 and 1613
were the firat cute-and-Till stopes.  Since July 1930
gsend fi1llin =g besn e clorsd extensively in the lLake
Shors L ineg.

The squars-set system of wining was adopted 1n
certain wids stopss where tThe csround was neavy, about
the same time trat sand rilling commenced, The stope
backs were Tist or horizontal, Now the tendercy on
account of rock bursts iz *o use steep rills.

The Teck-Fushes _Jins on the west does not use sand
filling. Their stopes next to the Lake ShoTe are open.
Tt is believed that this c¢ondition has helped to increase
the pressure along the boundary stopes. Also Teck-Hughé%
sctive minine levels are several hundred Teet below the

Tevel of thoge of the Lake Shore ilines.
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Shows cshattered conditisn of the foot-wall after the
store had been clea ed of loose rre¥ from the walls.
fhotorraph tulen in the narrow seetion of drift Just

eaat of Ho, 2 raise,



et cecorred 1y oo gtore il i
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8ppears

OF A NOCK BUAST {St(,:;:t-} Piller

I N e 3 N -
LCIT T ober Lot 1a5g P w5 ey e .
s b . .Lsui. it [ 7 lloa&.' Eo ] :IF:.‘&V",' ri“;cﬂ

inodnetian 4 oo the

n g . »
Lo dTITH,  See Piura ey e 0 .
m

She Toes burst oceorre Tros 10 to 16 minutes aftar
2t ow=s hlasted in a#»; relge Tron btne 240l 3, drift.
vibratior gsev up rrom tris bl sting Lo doubt was
Sheoognei: o onn brimg ebout the buvat,

M 3 R PR, o 4w . g 3
he loces of the burst was in = waate nillar above

2301 ®E, drift between the esst erd o

b,

section 3 stone

No. D raige to the ZzJl B, drift. The floor pillar

4

te fizve received no dennge since the track did

not heave in 5331 esst drift.

The following

8 7 summary of the extent of the dznage:

[SR

40l B, Drift Sec. &

Two cans were split in the drilt near No, « manway
the timber also shows sisns of pressurs.

s Stope Backe.

In the 2401 E. stope section 3 the Square sets were

2aghad for a distance of 2. feet beginning 20 feet east

e 3 TAlse.



w3l Ee Drift

The damsared mrea becing =t o, 4 nanvav gection 3

which was ¢r™ished allowin,: the prckfTill 1o come into

tie drift. T e drift ns caved for a distance of 45§ feat
to the east. There was a 8tope pillar directly above the
damaged area and apparently this was the locis of the
burst,

22J1 E, Drift Sec. 4

In section 4 between chutes 3 and 5, a distance of
70 feet, consideraile rock was thrown from the south
wall on to the track.

2001 E. Sills

Two men workin 1in the gangway near No. 10 raise
reported 2 heavy shoek, and loose rock fell from the
north wall, The vibration also opened up several fig-
sures causing large slabs of rock to break loose on the
footwall and ride on the timber,

The indications leading up to the rock bhurst of
October 28th 1934 are as follows: ,

About October 12th the 2301 E, dritt started to show
considerable pressure~-especially at a point where 2--2
raise woild hole from the 2201 east stope. 'The drift

zag started to break and the track heaved more than 3

: on the south side. The sounds heard in the geophone

37



indicated that o strong pressure nuovement wag in progress.

4 burst was expectog when 2--2 raise broke through
into the 2301 E. arift ann SO precaution was taken to
renove all men from the area. However as the cut was
blasted of the last round in @-=2 raise & rock birst occur-
red 190 feet to the e .st in @ stope pillar above the 2301
E. drift.

The only warning given Ly the stope pillar was an
almost imperceptible spalling of rock from t.e back of
e drift just east of Io. 5 raise to the 2301 E. arirs,
At & point directly under the pillar the 2301 E, drift
was tinbered and lagged overhead., It spalling occurred

here it would not be noticed,

38
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Rockburst lov. & 1334 Aookbarat Nov, & “034
£385 FBast Drift  3ec & on orangwsy bottom of 2--2 relse

3 4

Rockburast Oct 28, 1934

=3
S
o

Lookine west &8t 2320 Xa Cut
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DESCRIPTION CF A ROCK BURST (Floor Pillar)

On November sth 1934 at 2.30 A.M. a small rock
burst occurred which was followed immediately by a
heavy one. See figure page 40. The miners had Just
blasted 3 breasts in the 2401 E. stope section 2, The
vibration from these rounds was strong enough to bring
on the burst,

The locus of the rock burst appears to have been
in the floor pillar at a point 20 feet to the east of
Z-=-2 raise from the 2401 E, stope. Here the track is
heaved about 4 feet bringing loose rock from the floor
pillar into the drift. The drift at this point is nearly
closed from broken timber and loose rock from the walls
and floor of the drift.

The following is & summary of *e extent of the damage:
In the 2301 E. drift sectibns 2 and 5 the damaged

area begins 20 feet west of lo. 2 raise from the 2401 E.
stope and extends to the east for a distance of 180
feet. For the first 70 feet of this distance to the
2318 crogs-cut the drift has about 2 feet of loose rock

thrown from the walls on to the track., In this area

there are ten caps broken, Then from the 2318 cross-

cut to the 2--2 raise the track has been heaved and thrown

out of place. Then from ten feet east of 2--2 raise to

-7 fest west of 3--2 raise a distance of 40 feeﬁ,the

. ~+ ig nearly closed with loose rock from the floor

41
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pillar and walls, There is no back fill in this drift.
No. 2 raise from the 2401 B, drift

The raise has caved and the Bquare sets were knocked

out at the bottom of the raise,

&--2 raise from the 2401 E, stope

The square sets wefe knocked out and buried with
loose muck from the sides of the raise. The atringers
were still in place at the top of the raise on the 2301
E. drift,
d--2 raise from the 2401 E. stope

Several lining boards were knocked off the sand
chute and it was blocked with loose muck. The north
wall down at the gangway burst and partly closed the
chute,

Section 3 west rill

A small cave ogecurred at the foot of the rill and

the back and walls were ghattered,

Gangway in gtope

The gangway is partly closed between Z--2 raise
and a point directly under where 2 raise holes on the
2301 E., drift. The rock burst shoved the north wall out
into the gangway, and almost blocked it.
2401 E. Bection & stope

It was not possible to .;et into the stope. However

from all evidence gathered 1t is assumed that the square

sots in the stope are down.
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eaat drift henving mostly on

the h-nging wall side,



B




“ shE | ¢ v RS
5 % T Ceor Toung or o garias,
% _x:’L i} LS AT D tu o gt b e 1o &
two oand o i pihBe From tilis axe

4oooint the rock bursts diminish end fade ocut wite

R a1 k] o I S RV e O o o e N . , .
voreriod of gqulescence bofore tne poxt sevieg beging.

Vs

it heas not been nossille “o rre fct from these cveles
the tine st which & roes bhovst nignt oceur. Tith tre
decrease in severity zr¢ ocuurrence o the rock cursts
in the latter part of 1030 these creles are becoming
longer.

The :reatest number of rocs ourstsmave oce rred
directly after blasting. This is for the dar siLift
3 P.M. and the night shift & A.ils But scnme bursts
have occurrer between .. .ilfts. The rocs bursts Lave
cccurred in sll months of t e year., However the grest-
est nunmber have cccurred in the months of Cctober and
March., From August &, 1931 to ithe end of 1935, one

undred and three rock bursts have been recorded,

Consideraple noise accompanies a rock burst. In

some cases there has bpeen s .rating snd grinding sound

and in others a noise like that produced when a round



“ and all the holes explode at once. The
= amd‘tremcrs are more severe on the surface.
wwo wWaves build up in intensity and after reaching

. maximum fade out. Severe shocks have been felt in
Swastika a distance of 6 miles from Kirkland Lake.
Very often the tremor is accompanied with a noise like
& clap of thunder. Houses whose foundations are on
80lid rock receive a much greater shock than those on
sand, gravel or clay.

The rush of air accompanying a rock burst is
small. At the most, men's hats have been blown off
and their carbide lights extinguished. Rock bursts
have sometimes been‘incorrectly called "air blasts?

Air blasts properly so called, have occurred in
the caving system of mining when a stope would rfail to
cave for a certain period of time and the muck contin-
ued to be removed from below. Then a large block of
ground would fall into a partly empty stope and cause
& violent rush of air down the chutes and into the drift.

The energy liberated in a rock burst has not been
accurately measured; in fact it has not been possible,
80 far, to make anything but a very rough estimate of its

magnitude. However Mr, P, J. Crowle in his "Notes on



>théds of Support in Deep lining"

5

T=d Trom seismograph records one oderately
SV Lemst end has given the energy iibereted to be in
+order of 15,000,000 foot tons.

The geophone was used in ceveral cases to deterrine
sressure movemerts in adv nce. ¥ith the aid of this
instruiient sounds made by rock under abnormal strain
could be detected for some time before they were z:dible
to the unaided ear.

The writer is still experimenting on an electrical
geophone with amplifiers to give warning of impending

rock bursts.

arranged s¢ as to measure the increased pressure were once
under consideration, These szg meters are '1ged in the
South African Mines; but as conditions in the Lake Shore
liines are different from those in the African Mines it

was decided that these sag meters would not be practical,
In the mines of South Africa the veins are flat and nar-ow;
while in the Lake Shore Mine the veins are wide and almost
vertical. There was also the psychological effect on the

miners t0 be considered. A sketch on page 56 shows one

these sag meters.



ts ony Deubree, Leith and others we

CUr rressure gries s at approximately
“EorTepres-ul -3 as a cross~-section of

thoIigure on pugr 9 we can understand how the
18 thrust upwerd from the floor pills: .hen & rock

0wt occurs as shown in photograph on pa e 60 . The only
wiffersrnc: between tlhese Tigures and the z2¢tusl conditions
of a drift is that the rock in the drift has only cne way
%o break--hence there is no down shear unless the pillar
is thin.

If we take a narrow seg¢tion of the drift--gsy a

gection 7 feet wide, where most of the roek bursts onave

[y ]

occurred-=s.. analyze e Torece disgram it will be seen
that the ability of ii= Tlcor pillsr to resist shear
is directly proportional to its width. Roek before it
ruptures or reaches its elasstic lizit arrives at a certain
degree of curvature as indicated on the dotted line in
figure on page 5 9. Also in & wide section tiere ig more
tendency for the small fractures to bring on crushing,
and less lixelihood of shearing and bursting,

At lower levels wien the pressure becomes excesasive
the narrow sections could vpe mined early in the scheme of

extraction and a semi-rigid fill of lean concrete used.



rad been mrde to make a thorough study
ATin in the Kirkiand Lake district to find
% effect 1t may have on the rock burste, Over
Lorerioc of two vears measurenients were made on certain

fzults underground and in two cases movements were noted.
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“OCE PREISSU E ON FLOOR PILLATS

Tock bursts occurring in the floor pillsrs in
siLe shore .ine have been in the narrower sections

Sle drifTt, usually where the drift is about 7 feet

‘here has been one exception to this rule: on
cay S0, 1935 on he 24 /1 west drift gsection 5 a flc =
pillar 25 feet wide b . ret. This d4rift had been gililed
and cribbed and in resli‘v *tie nrecsure was confined
as 1t would be in a narvow ¢rift. Alsc the locus of
the burst was in 2 stope pillar below the sres. b
other words the narrow  ectionsg nave been found o be
weak points ané denger zones,

In mines where Tous LUTEL GTE & SeTious vroblen
it is conceded thet the best ~Tectice is to rine a-ay
from the wesak points. Thersfore thece rarrow scet.ons
ghould be mined .8 earl. a8 rcssible, Towever we ghow
from experience that raises and rills must be placed at
certain fixed intervals snd tier do not ~lwa g correspond
with the narrow sections of the cre.

If we analyse the Trock stresses it will be seen that
the narrcoy sections are t.e ones most lixkslv to have rock

burste, v-ile in the wide sections there is ~ore danger of

caving.



SBia o0 the Tigur=s it can be seen

G L Lo —gay

le Teet—will stand twice the

YBL 4 narrvow section 7 feet wide can bear

.

1% bursts.

At the present time the ground that is neaving is

all in the narrow sections of the drift-—~thesge sections

are the weak points and danger zones for rock bursts,
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s ol Goining was Tirst introduced by Rziha

WY wasg s:_;bseggently greatly developed by

"tl}_i..

The word done ig used ag the name for +the guTr.ace
wiilch separates the sclid rock from the semi-loosge
rockx in the wallg on either gide of = stoped-cut lode.
The shape of the come is hichly izvort nt, but untfortun-
atel not accessible ir nost ez8es to me sure. Tre only
available evidence for deducing the shane is that derivéd
from eracks in cross-cuts Oor "assages, In isotropic rock
these sections must be arcs £ “ircles. Fowever tre
writer has found that they are more likely to be flatter
then semi-circles. The cozl=geence of domes is th ught
to be one of the important causes of rock burats.

See drawings on page & for further details.



Natural  Dome  Span  A--B

In the above sketecn A-B represents a 8toped portion
Oof the vein which has been Sipported br = compressible
wethod. The dome ABC ras formed « ° developed sufficiart
expansion to attain the ulti-ate co.rression on the sup-
porting mediumn.

Additional stoping produces additional stress, but
for doming to continue into the walls additional volume
for the broken rock is now required within the dome.

Along the line X the maximum conpression has already been
attained, unless the supports fail or the walls shear
between supports.

If neither of these conditions result from the stressg,
the penetration of the dome into the walls must ceese, and
subsequent stoping results in the development of a flat dome

with the supporting medium acting as an abutment.



CYoThers vocg borets heve cceurred i
cins x digtorbance was nosed for varying
sete Jometimes ther have heen noticeable only
17sobelfore the bu st; someiimes the period of
vorbencz lasted for several davs, and cueasio ally it
%8 been prolonged Ior two or three weerxs,

The signs of a disturparnce consisted of sounds, such
as cracxling accompanied by spitting and flaking of small
frzgments from the walls. The track heaved in the drift,
and the timbers showed that abnormsl pressure was being
exerted on them., However these indications do not alwayvs
mean that a rock burst will oecur. In several nlaces the
Tloor pillar has heaved the track up six inches or more,
but no burst has occurred. It has been found thz=t the
character of the rock plarys an import.nt role in a cage of
this kind. Where the rock is & brittle feldspar porphyry
with small calcite stringers running through it, there is
great danger of a rock burst; but when we have a nud seam
running parallel with the vein, an adjustment takes place
on the hanging wall side of the vein; t-us pressure is
relieved and a burst averted.

In certain sections of the mine, notably on the east
gide, the syenite porphyry has many calcite stringers. Since
caleite is very friable it i8 believed that the crackling

and snapping preceding a burst may be due to the presence of

this mineral.



20t betwe: So0n 11, snoeinid
IR T Dy < Yyd s
LIt £ Special cushion blocks
< oy oy b - ~ 5 - s
LrE DOW el sed it w inch hollow snzce in exch

BlooK.

The mill holes (chutes) are «ept 111 of ora. 7 isg
helos to wrevent thelr collapse durin. a roex b.orst,
The nwiber of perecns enploved, ssrecially o resnante
is liuited. 7
The nmuaber of remnants worxsd at ons
given area is linited.

It is 08t essentizal to have a full and heavy blast on
every blasting shift; for when th-t period cf stability
or instability prior to failure is reasched, 1t
essential to bring about that failure es soeedils as
possible after all persons have left the working face
and before they Te-e. ter it.

Pillars should be large enough to prevent frzcturing

in the vicinity of shafts. Zemove snall caste »illars

in gtopes.



LB otu o slisinste regtansular »ills e

stoild be ovoided.  Skeoteh on capge 66 shows
burst oceurred on September 5, 1935 in a

0% e stope face,
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. G 2cr w, 2 {
. 1509 1591 a0 €, ser 1155

S eI 2734 800 X. 1147 pers
IRt 302 2723 800 B, 808 753
T80C . 1041 2045 1000 R. 397 1128
1200 7. 1326 2014 1200 B,  TI094 498
T400 . 934 2490 1400 B. 594 1084
1600 7. 974 2426 1600 B, 397 201
800 W. 1Ie8 2166 1800 B, 388 1442
2000 W. 1940 14368 2200 8. 955 1174
2385 W, 1150 1050 2325 X, 803 614
2450 W. 1158 908 2450 X, 805 500
2575 W. 1285 gse 2575 8. 1000 330
2780 B, 1476 894 ®700 X, 1117 185
Total 17978 25368 11788 12193
Pillar to 2700 on the wes® side of mine -~juals 4I. ¢ rarcent
Pillar to 2700 on the east side of mine cruals ol -

T1llar %o 2700 on the sast and west siie equals 44.

PERCENTACE OF PITLAR LEFT TO T PPN AREA NO, B TEIY ne. 1
P 8 P 8
800 W. 2380 0 200 X, 1232 0
400 W, 1509 1591 400 8. 497 1185
800 W, 110 2334 800 K. 855 o4
800 W. 280 . 2796 800 X. 808 753
1000 W, 200 2188 1000 B. 79 1148
1200 W, 1300 2040 1200 X. 376 206
T400 W. 094 2530 1400 B. 580 1008
1600 W, 2354 2466 1600 K. 397 1301
1800 W. 1158 2176 1600 K. 200 1540
2000 ¥, 1887 2273 2000 B. 199 1668
2300 ¥. 75 280L 2200 X. 207 1532
2385 W, 508 1692 2388 K. 555 ose
2450 W, 526 1554 2450 K. 589 718
2700 W, 1331 839 2700 E. 1097 208
Total 14520 20086 9411 4570

Pillar #0 2700 on the west side
2700 on the east side
st and west side eguals 35.5

Pillar to
Pillar to SYO0 on the ea

of mine squals 33.5 percent
of mine ml. 39,2

AR

asd IRO fen

1935

uped 150 Tawt



-
PSSV

C&5 FCR TuRm CONTROL OF ROCK BURSTS

bt

Cilt onmtire is primarily responsible for the condi-
«I unstable equilibriwga, the immediate agent is man,
W.o interferes with forces beyond nis control.n

However it is now believed possible to control in part the
occurrence of rocx wursts by euploying mining methods
particularly adapted to that end. |

Economy of Ooperation is the controlling factor, and
all proposals advanced must be subject to the acid test
of costs,

The control or diminution in effect of rock bursts is
probably the most desirable end gought, rather than
prevention. Considering the damage resulting from the rock
bursts in the Lake Shore )ine the maximum intensity was
reached in 1934, During the latter part of 1u35 only small
bumps have occurred with practically no damage or injury
to the miners. This does not mean tha’ the situation is
completely under control, since there are waste rillare
left in the mine that may yet burst with serious results,
Increased stoping continuea to throw more weight on these
pillars, and unless the stope pillar is already crushed s

rocxk burst may eventually occur, when the rupture point

[



cdimm oto othe pillars thst nave been
CinoCd ur U Teet of the level above. See
wolelt show a stope and floor pillsr,

Hloslimdin te or minimize rock buoost b usirg the Tollow-

Ri.1¢ suppoTrt.

This is usually done by leaving pillars of waste or
‘re. Rigid support must be zdeguate for the purpose of
keeping the individual domes is lated. When extraction
passes beyond that point there is always danger of serious
bursting, due to pillar failure and the resulting merging
of domes. The pillars in the Lake Shore liine did not start
to fail until about 60 percent of the ore was extracted down
to the 2700 level., The precent practice is to remove any
amall waste pillar in the stope to prev nt bursting at a
later date,

Compresgible Support

It is reagonable to supposs that the support permitt-
ing: the least sag will be the most effective. However the
most effective supporting method is not always adaptable
to the conditione in & particular mine.

The method of support in a mine depends, among other
things, upon the stoping method. With underhand stoping

close support is limited to the unit type, such as stulls,



Tir A

Santaows and roca fi1llec ceribs.  With

TS T e e Y . Do - e . -
Me BUDLLy, inoaddition to the unit type of

AT

~8 uns cholce of nmass practice, as rzpresent-

v7otne varions filling methocds.

(o]

In the Lake Shore iiine, especially on the north vein,
vie practice is to square-set and f£ill with send. The sand
felps to support the walle, and in the case of & rock burst,
it appears to deaden ané arrest the vibrations set up in the
affected arez. B3and for support wosld be much more effective
if flushed into the stopes with water. Cribs are built with
8pruce logs in wide stopes, and érifts. The Lake Shore veins
vary in width from 7 feet up to 40 feet and in some places .
they reach a width of 65 feet., It has been found that these
cribs are very effective in tie stopes when a rock burst
occurs, since they prevent the backs from coming down and ,
compnletely closing the stope. On the lower levels where
the veina start to flatten ocut a more rigid support will be
required to prevent rapid subsidence of the hanging wall;
rock eribs or packwalls ray serve the purpose.

S8equence of 3toping

Stoping away from a major weakness in a systematic
manner would be advantageous. The weakness might be a
a fault, joint, or large calcite slip. A systeﬁatic
removal of ground would also eliminate many of the irregular

doming tendencies due to the failure or removal of pillars.



G e Yy e g e
Shnbiaaticully the Come would

LI wprortunity to grow wnd expand as

RN Lhg done grows gradually, there is a steadv snd
riory anilication of welght upon the supports, and this
to g very desireble condition.

Hining Methods

In chenging from flat-back to rill stoping an important
advance weg mace in the contrel of both pregsure and strain
bursta. Strain “ursts will nowever continue and probably
increase with denth since they are inherent in the rock
itself. Small strain bursts still occeur even on rills when
fifteen feet or uiore of the rill becomes flat or horizontal,
vhis fe.ture requires close supervision, especially when the
rock 1s a brittle feldspar porphyry with small calecite or
quartz stringers, Rills have eliminated the work of mucking,
tramming of fill, and the building of chutes and have thereby
reduced the cost of mining by asout 30 percent. i remnant
in the sliane of = rectangle, when 1t reaches the level above,
has been found much more likely to fail under preséure than
one in the shape of a triangle.

It has been proposed to leave a 100 foot pillar about

half way between # 3 shaft and the Teck-Hughes boundary.
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Se 3ince Jhe sheft pillar or perting wall has not
bezllieved tha*t ' his pillar w.il be stron; enough
o resist fzilure «nd give considerable gupport to the

west =nd of the mine.
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