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On January 31, 1940, a confidential report \t'/8.S presented on: 
"The Seismograph Installation at Lalœ Shore Mines, Kirkland La.ke 0

• 

Section 8 of that repôrt deals with the subject: "Further Rock 
Burst Research Proposed". As there indicated, the month of March 
was to be devoted to a study of records made in the mine itself, 
with tentatively-arranged equipment assembled at the Dominion 
Observatory. 

To assist in this work Mr. Zaclr E. Gibbs was recommended by 
the vrriter at the request of Mr. E. W. Todd, Superintendent of 
Lake Shore r\rines. The continuation of the research beyond March 
31 was to be dependent on the conditions round and on the adop
tion of a further agreement. 

The equipment was assembled at the Observatory> largely 
through the efforts of Mr. V. E. Hollinsworth, about a nucleus 
consisting of two commercially-built, vibration detectors, pur
chased atour request by Lake Shore Mines. On the arrival of Mr. 
Gibbs at Ottawa on March 1, this equ.ipment was tested and mounted 
for use in the mine. It was shipped to Kirkland Lake on March 7 
and operated there by Hodgson and Gibbs from March 13 to March 29 
inclusive. A report on the observations up to and including March 
26 was prepared for Mr. Todd and presented on March 27. 

After desoribing the equipment used and the data obtained, 
the writerspointed out the limitations discovered in the tenta
tively-assembled equipment, outlined the problems which would 
have to be met to affect an improvement, and reconnnended a con
tinuing program which would require a year or more to carry 
through. The estimated cost of this :program was "not less than 
$.1,5,000 and not more than $2.5,000". A necessary preliminary to 
such a program was declared to be the establishment of an elec
tronics laboratory at Lake Shore Mines, to equip which would re
quire not less than $3,000. A copy of the above memorandum is 
given as an appendix to the :present report, ·· 

On March 29 Mr. Todd arranged an interview with Hodgson and 
Gibbs and agreed to the proposals as a coordinated whole. Mr. 
Gibbs was engaged to carry on the work at the mine under the 
general supervision of the vœiter, with the collaboration of 
those members of the Observatory staff directly interested. 
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There was, of course, no need of any mention of the condi
tions in the mine in the memorandum to Mr. Todd. Those c~ 
tiens, however, require careful consideration in the pl~ning of_ 
the continuing program. Fortunately, several more or less recent 
papers, listed at the end of this report, describe the mine and 
i ts neigllbours in some detail. From these and from observations 
made during his stay at the mine, the "WI'iter has endeavoured to 
prepare a condensed analysis, stressing those details which most 
affect the program to be adopted. 

This analysis has been written for the information of vari
ous officials, some of whom are not familiar with mining opera~ 
tiens or terminology. Explanations of these have thus seemed to 
be in order. The report is designed to place in ordered form the 
outlook of the investigators, themselves just beginning to under
stand something of the locale of their problem. To that extent, 
it may be considered a progress report to date. 

I. Geology of Kirkland Lake Area and Lake Shore Mines: 
According to Robson{ 2) "the productive veins of the 

Kirkland Lake district lie within a belt of metam.orphosed 
tuff, conglomerateJ and greywacke, which occupies a syn
clinal trough in the old Keewatin basement". This syncline 
is narrow in the vicinity of Kirkland Lake -- about two 
miles wide -- and extends for about tao miles in a direc
tion roughly east-west. Dougherty{4 indicates that the 
ore zone occupies a depression in the batholith; and that, 
while the horizontal distance along the present erosion 
surface to the exposed part of the batholith is short, the 
depth of the deposits, proven by mining and drilling to ex
tend more than a mile, "is certain to extend many thousands 
of feet deeper" • . That the depth of the ore body would pro
bably be fo~nd to be very great was suggested some years· 
aga by Toddll). 

The ore bodies at Lake Shore were deposited in pre-ore 
fault zones. There are two main veins, designated as the 
No, 1 or south vein, and the No. 2 or north vein. These 
veins lie roughly parallel and about 400 feet apart at the 
surface. No. 2 vein is 2,800 feet long from boundary to 
boundary of the Lake Shore property. The outcrop of the 
veins has a strike roughly N.60°E. The dip varies, accord
ing to Adamson(t5), "from about 75° to the south, down to 
the 1200-foot lcvcl, to approximately 87° also to the south, 
for 1,800 feet below this horizon". There are also several 
important diagonal veins. The plan of these veins at the 
2200-foot level is shown in Fig. 1~ The ore bodies are 
thus subsequently-mineralized, pre-ore, overthrust faults. 
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These faults were caused by pressure from the southwest. 

The mine has been developed from a series of ·shafts on 
a line running approximately at right angles to the veins 
at about the centre of the Lake Shore property. It is to 
be noted that, when the mine was first opened, only the 
south or No. 1 vein was visible on the surface, the north 
or No. 2 vein being concealed beneath Kirkland Lake, which 
has since been filled by tailings from the mine. 

An important difference between the east and west sec
tions of the mine is shown in Fig. 2. · From a point roughly 
200 feet west of the line of shafts ta the eastern boundary 
of Lake Shore property lies a porphyry mass which has not 
been invaded by other intrusives. It has, however, been 
subjected to post-ore, cross faulting of considerable magni
tude as shown in Figs, land 2, The displacement of the 
south vein at the extreme east end of the property is 600 
feet, the eastward continuance of the vein being throvm up 
into the Wright-Hargreaves property. To the west, the in
trusives a~e in smaller masses, tongue-shaped in horizontal 
section. Post-ore cross faulting is here less pronounced. 
The more important faults are indicated in Figs. 1 and 2. 
These cross faults are clearly due to tension. In the west 
end of the mine there are no displacements on these faults 
at depths greater than 1,000 feet. As between the two prin
cipal ,reins, cross faul ting is more pronounced on No. L, 
A large r pre-ore, diabase dike occurs near the western boun
dary of the Lake Shore property as shown in Fig. 1. 

In addition to the post-ore cross faulting, strike 
faults of even later age are cormnon. These dip at a lower 
angle than the principal veins (as little as 30°) and have 
a strike slightly more to the north. They have been minera
lized as were the principal veins, but do not carry gold. 
Their intersections with these veins make it difficult to 
follow the ore bodies in developing the mine. Tension 
cracks were developed in some parts of the foot-wall of the 
south vein, and thus provided channels in which ore was de
posited. Their presence in any part of the development re
sults in increased width of drift and stope. 

The north vein is much the more productive of the two 
larger ore zones .. This is due to the fact that it is much 
more crushed than is the south vein. At various horizons, 
intermediate veins appear as .indicated in Figs.3 and 4. 
High grade ore bodies as muchas 70 feet in width are fou.nd 
on this vein, particularly in the fractured zone at its 
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junction with the diagonal vein. (See Fig. 1.) Because of 
the broken nature of the rocks in the west end of the mine, 
this section has, in genéral, larger ore shoots than has 

) the east end. A model of the north veinas seen from the 
west boundary, from the 3075-foot level to the 4075-foot 
level, on a scale of 20 feet to one inch, is shovm in Fig. 
5. The diagonal vein is more crushed than the south vein, 
but there has not been much displacement in the direction 
of its strike. An important ore shoot was found at the ex
treme east end of the south vein at its junction with the 
diagonal vein. 

To sum up: the principal fact to note, from the stand
peint of rock burst study, regarding the geology of Lake 
Shore Mines is that the north vein is much more crushed and 
~ractured than is the south vein and that the west end of 
the mine has been faulted ·and jointed more than has the east 
end. The entire fault system is made up of several parallel 
fractures with diagonal breaks joining them, resulting in 
the formation of roughly diamond-shaped blocks. This struc
ture persists, not only in the larger masses, but throughout 
the blocksof these masses down to small hand specimens,and 
is apparent in both cross section and in plan. This jointing 
results in weak walls, particularly in the north vein where 
crushing has been more pronounced. If the rock is porphyry, 
large masses are liable to slough off the walls and backs 
of stope and drift. If the rocks are syenite, their frac
ture faces are smooth and likely to be mineralized with 
chlorite and other secondary minerals, which results in 
treacherous stope walls. Finally, it is to be noted that, 
in general, the rocks in Lake Shore Mine are to be classed 
as hard and brittle. The jointing and the num.erous contacts 
of various types of rocks, particularly in the west end of 
the mine, are features which tend to result in the building 
up of stresses which are released by rock bursts of various 
types. 

II. Development: By the term "development" is meant that work 
done on a mine which adroits the miners to the stopes or 
working faces of the ore body and which will permit the trans
portation of ore, waste, filling and other materials. The 

., development at Lake Shore Mines will be discussed briefly 
in order that an index may be placed on record to serve in 
the case of later reference to various mine locations. 
With regard to nomenclature, it is to be noted that serial 
numbers indicate the chronological order of development; as, 
for example, No. 1 and .No. 2 veins as previously noted. 
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8hafts Nos. 1 to 6 were developed in the order indicated, A 
drift is indicated by a preceding number of one or two digits, 
as required, to indicate the level, followed by a two dlgit 
number indicating the order of development and. followed again 
by E or W indicating the end of the mine concerned~ e.g. 
drift 39oêw indicates a drift on the 3950-foot level; it 
being the eighth drift to be opened on that level in tho west 
end of the mine. 

(J) Shafts and Hoists: Six shafts have been developed 
at Lake Shore Mines. These lie roughly on a line 
which runs at right angles to the veins and about ·- the 
centre of Lake Shore property. Shafts 1, 2, and 3 
were sunk in the early days of development. No. 1 
begins at the surface and goes to a depth of 4,500 
feet in two stages; the first from the surface to 
2,200 feet, the second offset at the 2000-foot level 
where the hoist is located. 

No. 2 is an inclined shaft, at 18°, extending to 
the 200-foot level, from what was once a peninsula 
on the north side of Kirkland Lake. Railway terminals 
are adjacent to this shaft. A timber fraroing plant, 
timber storage yard, and timber treatment plant are 
located at its entrance. The fire hazard is thus kept 
far from the mine proper and the passage of timber and 
other construction materials into the mine is facili
tated. 

No. 3 shaft extends from the surface to 4,000 feet 
in one stage. It was found that, since the dip of 
the veins changed from the surface indications, this 
shaft reached rich north vein areas at a depth of 
about 3,000 feet. There was thus a great deal of 
valuable ore tied up in the shaft pillar and the 
crushed nat-ure of the l:'odk, much of it being shabby 
porphyry, made the use of the shaft a serious hazard. 
It has therefore been abandoned for hoisting purposes 
and is now used as the main upcast airway for venti
lating the mine. Large fans in this shaft provide 
the up-draught. 

No. 5 shaft is now the only shaft used for traffic 
into or out of the mine below the 200-foot level. It 
begins at the surface and extends to a depth of 4,025 
feet in one stage. The construction of this shaft and 
the equipmeut used in it are described in great det ail 
by Adamson(~). This shaft was sunk 70 feet t hrough 



mill tailings impounded in what was formerly Kirkland 
Lake. The description of the work done is most interes
ting. In spite of the location, the water seal is so 
effective that no water of any consequence enters the 
mine. It may here be noted that very little seepage oc
curs anywhere in the mine. It may be classed as a "dry" 
mine; but, nevertheless, there is enough water present 
that the air in the mine is very moist and in many places 
the walls are wet. 

Shafts 4 and 6 extend from the 3950-foot level to 
the bottom of the mine. Shaft No. 6 is now being ex
tended below 5,300 feet, on which level the cross eut 
is at present being driven. 

For the purposes of this article it is sufficient to 
note here that; 

(a) The line of shafts lies roughly N.30°w. as 
shown in Fig. 1. (The entrance to No. 5 shaft 
lies farther to the north along the line from 
No. 1 to No. 3 and a little west. It is 125 
feet north and 250 feet west of the collar of 
No. 3 shaft. It is thus 80 feet in the foot
wall of the north vein on the 200-foot level 
and 600 feet in the foot-wallon the 3950-foot 
level.) 

(b) The hoisting machinery is situated on the 
surfac~ in the case of No. 5 shaft and at the 
3825-foot level in the case of No~ 6 shaft. 

(c) The shaft compartment is approximately 17 
feet by 13.5 feet and is divided into five 
compartments as shown in the left half of the 
drawing in the lower left hand corner of Fig. 
6. In each of the sections marked "skip" 
runs a small hôist, thus designated, fortrans
porting men and ore. The large compartment 
on the left of this same section of the draw
ing is for a larger hoist called a cage, used 
for carrying supplies into the mine and for 
raising mine equipment for servicing. It is 
sometimes used for moving men at the begin
ning and end of a shift, This cage, about 
12 feet by 6 feet, is built like a large 
freight elevator. It has three decks, all 
of which can be loaded at once. It can carry 
a gross load of 45,000 lb. The cage alone 
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weighs 13,500 lb. 

The space between skips and cage is provided 
with ladders by means of which men may climb in 
or out of the mine, and also provides sp~ce for 
the armoured electric cables which are dropped 
vertically down the shaft in the space reserved 
for them. The air and water pipes are also 
carried down this same compartment. A picture 
of the skip, with man space above and ore bucket 
below, is shown in Fig. 7, at the left. 

(d) The cage is run at 1,800 feet per minute. 
The skip runs at 2,000 feet a minute when car
rying ore, or 1,500 feet a minute when c~rrying 
men. 

(e) Stations are eut into the rock at intervals 
of 200 feet down to 2,200 feet, and 125 feet 
from there to the bottom of the mine. A cross 
section of one of these stations is shown in 
Fig. 6, 

(f) A buzzer system is used by the attendant on 
skip or cage to signal the operations required 
to the hoist operator on surface. Telephones 
link all levels, surface, and hoistmen. 

(g) The electric wires fed into the mine through 
the shaft are led off through trenches below 
the station floor at each elevation and carried 
to a switch room at which.point all wirîng on 
that level is controlled. 

{h) The collar of N(Qf 5 shaft is at an elevation 
gi ven by Adamson èj f as 1,051.03 feet, 

(i) The skip and cage make routine service trips 
at shift change hours, but are engaged in 
hoisting ore and waste and in lowering sup- · 
plies throughout the entire shift time. One 
can be carried from level to level or up to 
t he surface only when the trip can be worked 
in by the hoist attendant. _ wd{ ~-_,v-vY ,... 

( j) The shaft is steel f'ramed and ~1- · ced.. u""~ 
It is fireproof throughout. / 

( k) V/hile the mine· is to be classed as "dry" 
the air is very moist and in many places the 
walls are wet. Such water as does collect is 
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led into sumps and pumped out of the mine. 

(2) Drifts and Equipment: At each level, cross cuts are 
run to connect all shafts and the two principal veins. 
These cross cuts are 17 feet wide and 8 feet high for 
a distance of 100 feet from No. 5 shaft and thereafter 
are 7 feet wide and 7,5 feet high. The dimensions of 
the cross outs va~ somewhat. The above figures are 
the minimum. If loose rock is encountered, the walls 
or back may slough off and the cross eut be thus made 
larger. When completed, all loose rock is scaled off 
and, where necessary, the walls are protected by a 
cernent surface· put on by a spray (gwai~ht). 

On reaching the principal veins, ~~ts are run 
along these to the boundaries east and wes~ 
drifts are a minimum of 7 feet wide and 7.5 feet high. 
The dimensions are again subject to change due ta 
loose rock, the drifts becoming much wider at some 
points, especially in the north vein and in the west 
end for reasons already noted. 

Since the drifts are run through the crushed rock 
of the veins, they must be timbered at many points. 
Two types of timbering are illustrated. Fig, 8 shows 
a pin support used where the walls are good and the 
backs loose. Fig. 9 shows more complete timbering 
using posts. In this latter illustration one should 
note that the lagging on the back is placed longitu
dinally and that the ends of the cross beams ·c·arry V
shaped pieces which up-tilt the outer rows of lagging. 
If the drift becomes subjected to pressure, it tends 
to close in, Placed in this way, the lagging rides 
up and continues to hold the back. Sometimes the pres
sure is very great and squared timber, more than a 
foot square, placed crosswise of the drift, is crushed 
by end pressure alone as shown in Fig. 10, This par
ticular timber is located at the point marked C in # ··; 
Fig. 22. It is to be noted that @à-.:3:-~timber used ' ,.,,.. 
throughout the mine is treated with zinc chloride. 

In the west end of the mine, additional cross outs 
have been provided connecting the drifts on the prin
cipal veins. These are known as safety cross outs. 
Their iocation on the 2950-foot level is shown in Fig. 
22. In these cross outs, at dangerous points, special 
circuler s~eel sets have been placed as shown in Fig. 
11. The particular set shown is situated at t he point 
marked B in Fig. 22. These set s are made of 65 lb. 
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rails, bent rrith the ball to the inside and covered with 
16-foot round lagging treated with zinc chloride. 
About a foot of sand is placed above the la0ging. In 
case of a burst, these sets do not completely crush. 
They afford a measure of protèction for anyone in them 
at the time of a burst and hold a-way open for escape. 
r~ore than 1,500 feet of these sets are now in use. 

The "drift is held at a slope of O • .5 percent, _up as 
one moves out from the cross eut. This slope thu8 
favours the heavy ore transportation. Rails are laid 
in all cross cuts and drifts. The standard gauge is 
24 inches, using 35 lb. rails. The trucks are ·of 
three sizes 24 eu. ft., 45 eu. ft. , and 100 eu. ft. 
The largest have eight wheels, each equipped with 
Timkin bearings. The locomotives are storage battery 
type and in two sizes. The larger type weighs tons. 
Charging stations are situated on the cross cuts at 
each level. 

Air lines and water pipes are carried through all 
drifts to service the drills when mining begins. The 
drifts are not lighted. All miners carry very effi
cient, diffuse-beam, electric lamps wi th Edison storage -
batteries. These lamps burn continuously for e:¼ght ;f".~ 
hours. They are returned to the charging and servicing 
station on the surface when the men leave the mine . 
The cross cuts are, for the most part, lighted. Cur
rent for electrical blasting is carried to a:t:à: working 
stopes, uv a;.--n-

At various points in the cross cuts, as required, 
heavy doors are provided, which help to control the 
ventilation system. The air in the mine is remarkably 
good and free from dust; but, as previously noted, is 
quite damp. The temperature varies little from day to 
day and month to month, The yearly range i _s said to 
be only 2 °to 3 ° F. The wri ter did not note e.nyt difference 
in temperature at the different levels.~ ;,, ✓,~ 

• '-vi. "1 "~ 
( 3) Ore and .Jaste Passe~: To remove the ore and waste from 

the mine, ore and waste passes have beeil run between the 
various levels at the cross cuts, These dip at an angle 
of about 50° and change direction at intervals to assist 
in controlling the falling rock. Fig. 12 shows a model 
of a typical lay-out of such passes to be developcd be
low the 4325-foot lovel . . The model of the illustration 
was constructed by the geological division. Only the 
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coloured parts have so far been completed. 

Such passes have a diameter of about 6 feet by 9 
feet and are, of course, unlined. They are protected 
at the loading levels in the cross cuts by gates. Ore 
is dumped from the trucks and passes to crushers, which 
are situated at the 1400, 2000, 2700, and 3825-foot 
levels. The rock is crushed to pass 5.5 inch openings 
in a protecting grid or grizzly. Ore being passed 
through the chutes is sprayed to prevent dust. As dril
ling is done with water fed through the drill rods, 
there is little cause for dust in this mine. 

For example, at the 3825-foot level the construction 
is as shmm. in Fig. 13. The ore from the crusher is 
carried up the slightly-inclined conveyor on a belt. 
It then falls into the ore pass, _which is inclined at 
55° -- not much above the angle of repose for crushed 
rock. At the bottom of this pass, its flow is con
trolled y a special gate of heavy chains terminating 
in 15-lb balls as shown in Fig. 14. This gate was de~ 
signed by :Mr. D. L. Cram:p, Superintendent of the Me
ohanical Department. It permits the closing off of a 
moving chute of ore with certainty and remarkable pre
cision. 

The ore below the chute passes into a measuring 
pocket which contains just enough to fill the ore com
partment on the bottom of the ·skip ( see Fig, 7). When 
the ore ceases to flow into the measuring pocket, the 
Cramp gate is lowered onto the top of the now station
ary ore in the chute. The measuring pockets, one for 
each skip, appear in Fig. 15. The door at the base of 
the measuring pockets is controlled by compressed air. 
The cylinders are clearly shovm in the illustration~ 
The skips run in counterbalancing fashion, one going 
upas the other goes down. 

A skip being in position below its pocket and the 
Cramp gate down, the ôperator adroits the air which 
opens the lower gate. As the ore discharges from the 
pocket, the Cramp gate closes off the flow in the pass 
above. The skip, having been loaded, is hoisted to 
the surface to a position above a great happer. The 
ore discharges into the happer by gravity and is con
veyed by a moving belt to the mill. Ore can thus be 
carried to the surface by the two skips with ease and 
rapidity and with practically no hazard to the operators. 
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Fig. 14. Loading Pocket on 2950-foot Level (1 
Showi:ng Cramp Gates 

Fig. 1.5. Loading Pocket at Discharge Bins 
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In addition to the waste rock and ore which is taken 
out of the mine, filling is taken down, by means of 
passes similar to those used for moving the ore and 
waste. Some of the filling used is rock, some sand, 
and some coment, as will be noted later in discussing 
the mining operations. 

III. Mining Methods: Before desèribing the mining procedure 
followed at Lake Shore, it seems best to list the methods used 
and explain briei'ly what is meant. Ore is mined from a work
ing space or stope. If the excavation proceeds from below it 
is called overhand stoping; if from above, underhand stoping. 
Practically all stoping at Lake Shore Mines is overhand. That 
is to say the section of vein lying between two drifts 125 
feet apart is mined from the lower of the two drifts. 

To mine a section of vein, vertical holes called raises 
are driven upward from the lower drift to the upper at· regu
lar horizontal intervals. If driven from the top dovm., such 
a vertical hole is called a winze. The back of the lower 
drift 1s hen mined down until a 16-foot eut has been put 
through from raise to rai~e just above the lower drift. Tiro
bers aretben put in and covered with lagging (flooring,whether 
round poles or plank) through vrhich openings are left for ore 
chutes and manways. These are timbered and lined. To a depth 

•1 of 8 feet, the lagging i s covered wi th cru shed ore and waste~ 
A working chamber or stope has thus been formed, terminated 
at each end by a raise and running horizontally from raise to 
raise. It is the full width of the vein and has a working 
height ôf 8 feet above the rock covered lagging over the lower 
drift. 

To continue this stope, various methods are possible. It 
may be continued by: 

(1) Shrinkage stoping 
(2) Stul,1 stoping 
(3) Horizontal cut-and-fill, open stoping 
(4) Horizontal cut-and-fill, square~set stoping 
(5) Open rill stoping 
(6} Square-set rill stoping . 

These methods may be briefly described as follows: 

(1) Shrinkage Stoping: Broken rock occupies about 60 
percent more space than ore in place. If, therefore, 
the miners break down the back and breast of the stope, 
passing out about a third of the broken rock to go to 
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the crushers, and keep raising the timbered ore chute 
and man passas the working level rises, the broken 
rock will continue to fill the cavity up to the working 
height; and, if the walls are firm, the miners could 
emerge at the upper drift, leaving the entire section 
full of broken or ttshrinkage 11 ore. If this were all the 
walls required to provide a safe working stope, the 
miners could thus safely finish the entire section; and, 
afterwards, draw out the broken ore from below without 
entering the stope. This method is called shrinkage 
stoping. It has not been used in Lake Shore Mines below 
1,600 feet, 

(2) Stull Stoping: A good English-French, technical 
dictionary defines a stull construction as pont de travail, 
which malœs the idoa quite clear. A stull construction 
consists of posts with cross beams and a lagging cover 
at the level needed. If it were outside a building we 
should describe it as a scaffold. A stull fill does 
more than afford a working platform however, for the 
cross timbers are wedged from face to face of the stope 
as a rule and thus give some support to the walls. The 
stope, so mined, is simply timbered as the miners work 
upward, the rock being taken out as mifiëêï-;-after which 
the timbers are removed. For an illustration of a stull 

_stope see Fig. 16. 

(3) Horizontal Cut-and-fill: Open Stoping: This is il
lustrated in Fig. 17. As the name implies, the stope 
is carried upward by a series of horizontal cuts put 
through from raise to raise beginning in the back of 
the lower drift. As each step upward is taken, the ore 
chutes and man ways are timbered up, waste rock and sand 
being passed in, by way of the raise, from the upper 
drift. 

(4) Horizontal Cut-and-fill: Squar~-set Stoping: This 
method is similar to the one above except that permanent 
timbering of carefully jointed cribwork or square-sets 
is put in as the stope is mined out. Such sets are very 
st,rong and are wedged into place as the work progresses, 
Each succeeding section is tied to those below and to 
the side, so that a rigid wooden block affords continued 
protection to the miners in the stope. As the succes
sive layers of cribbing are added, they are filled with 
waste rock and sand passed down the raise from the drift 
above. The timber remairis in the stope. Fig. 18 illu
strates horizontal cut-and-fill stoping with squar -set 



Longitudinal section. \ 'ertical 
section. 

Fig. 16. Stull Stope 

Fig. 17. Horizontal Cut-and-fill: Open Stope 
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Fig. 18. Square-set Horizontal Cut-and-Ïill Stope 
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cribs, 

(5) Open Rill Stoping: The drawback to the horizontal 
eut methods in a deep level mine is that as one approaches 
the upper drift a long horizontal pillar* of ore is left 
which is subjected to enormous lateral pressures as can 
be seen on reference to Fig, 10. This sill pillar or 
floor pillar is th.us liable to burst with disastrous re
sults to men and to the workings. To avoid this and 
carry the eut forv-rard, horizontally as well as vertical
ly, recourse is had to rill stoping in which a eut is 
taken off the inside edge of the raise at an angle which 
makes the raise wider at the bottom than at the top. 
Thus, the men work frœn a sloping pile of fill lying at 
its angle of repose as dwnped down the raise. This 
method is knovm. as open rill stoping. 

(6) Square-set Rill Stoping: By this method, the stope 
is carried forward as successive rills, filled with 
square-set cribbing as the work progresses. The pro
cedure is shown in Fig. 19. The successive rills are 
filled with waste and sand as completed. Each raise 
is thus mined as a rill, eut from below with the fill 
held back on its lower level by its ovm. weight on the 
angle of repose and on the upper part of the raise by 
lagging nailed outside the last square-set erected, 
wedged if necessary from the working face until the 
square-set in the new raise is in place, This is the 
method now in general use in Lake Shore Mines. The 
rill is never c&rried more than 16 feet forward of the 
advancing fill, The cribbing goes in as the rock cames 
out. 

* Note: The term "pillar" is rather loosely used to 
indicate any volume of rock or ore with more or less 
definite, if perhaps only partially defined, physical 
boundaries {air-rock, air-ore, ore-rock). For example, 
in Fig. 22, the section of waste rock between the two 
drifts at the point _marked Eisa pillar, In Fig, 20 
and 21 we have, in plan and elevation respectively, a 
section of ore 1,000 feet high and 100 feet long, of 
varying thickness and eut quite through at every drift; 
yet this mass of ore as a whole is the "west pillar". 
If the ore in Fig. 18, for example, be considered by 
itself it is a pillar even though it be part of the 
west pillar. If it is reduced by horizontal cutting 
until decidedly longer horizontally than it is wide 
vertically, it would be referred to as a sill plllar 
or floor pillar. 
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TV. Mining Procedure at Lake Shore Mines: As previously stated, 
practically all mining at Lake Shore is overhand. In the 
upper levels, shrinkage staping and stull stoping were U$ed; 
but, as the mine was developed to deeper levels, the hori
zontal cut-and-fill methods came into use. There are some 
shrinkage stopes in the upper levels from which the shrinkage 
ore has not~been recovered. 

As the fine went below the 2000-foot level, rock bursts 
became more frequent and more severe, and squar~-set rill 
stoping was adopted. At the present time, experiménts are 
being carried on with horizontal cernent plugs immediately 
over the lower drift. Such cernent plugs are the full width 
and length of the stope and 8 feet deep, In some cases they 
they are reinforced with tension cables and iron rods. Such 
plugs will, it is hoped, relieve some of the pressure on the 
stope walls until it has been mined out. 

In the west end of the mine, the veins were not mined 
out for a distance of 100 feet from the cross outs. About 
the centre of the west end, another section of vein 100 feet 
wide was left. These sections are referred to respectively as 
the shaft pillar and the West pillar. (See Fig. 20) Raises 
at the boundary and at the sides of these pillars provided 
four working faces o~ stopes which could be carried forward 
away from the pillars until they met at the centre. Fig. 21 

ows, in elevation, the present conditions on the north ein 
the west end of the mine. The shaft pillar and the west 

llar are shown vdth the mined out sections;now packed with 
fill, lying betweenM The west pillar is now being mined from 
various levels. As it is taken awa~ the last ore-in-place 
in this area is taken out and the vein walls are . supported 
only by the fill and the inherent strength of the wall rock. 
Mining in No. 1 vein is carried on, in general, in advance J 
of No, 2 as the former is in the hanging wall of the latter. · 

V, Rock Bursts in the Kirkland Lake Region: Informative -
papers on this subject have recently been published by 
Christian(5), Robertson(6), and Robson et al(7). Valuable 
contributions to the same subject are given in earlier papers 
by Robson(2) and Weldon(3). Sorne brief excerpts from the 
papers referring to Lake Shore Mines may here be given. It 
is noted that: 

(1) The governing factors affecting the incidence and 
·severity of rock bursts are: 

(a) Type of rock and its properties-
(b) Depth of workings, other conditions being 

equal. 
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{c) Dip of the ore body and rock structure. 
{d) Mining methods and speed of operations. 

(2) It has been found that: 

(a) Bursting occurs in many instances at the , 
time of, or closely following, blasting. 

(b) Complete extraction of ore is desirable, 
and the leaving of small pillars, whether 
of ore or waste, is to be avoided so that 
a gradual and uniform subsidence of the 
hanging-wall may take place. 

(c) Horizontal pillars are a menace and must be 
avoided, · or removed as soon ~s possible. 

(d) Mining out a remnant from two directions is 
not good practice, regardless of the form 
of the triangle established. 

(e) Steep rills avoid the formation of horizontal 
. rernnants and hence are least susceptible 

to burRts. 
(f) Long rills, extending from level to level, 

and advancing in the direction of unmined 
sround, are less susceptible to bursts 
than those mining out a remnant. 

(g) The method of ~ining vertical cuts in short 
sections is useful in particularly heavy 
ground, but is higher in costs. 

(h) Bursts at either side do not transfer through 
the shaft pillar, nor in most cases do 
they occur close toit, 

(i) No bursts have occurred in the vertical pil
lars formed by the Teck-Hughes boundary 
line and the diabase dyke. 

(3) Rock bursts types may be listed as: 

(a) Strain bursts affecting the face of workings 
only. 

(b) Pillar bursts where a volume of rock bursts 
in a more or less localized part of the 

:--- mine. 
(c) Crush bursts where larger sections of the 

mine burst and settle. 

{4) The mechanism by which, it is supposedt the large 
stresses are built up is known as doming. As a section 
of ore is taken out of a stope the rock in the walls 
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with or without partial support of crib and fill, is 
called upon to hold open the workings, The face of 
the rock is generally in the crushed region of the vein 
and has little strength. The stress is supported by 
the rock behind, which acts as an arch or dome, spread
ing the stress to the pillar edges. As the workings 
increase in size, the dame changes in dimension and the 
stress per unit area on the pillar increases. If this 
stress exceeds the bursting strength of the pillar a 
rock burst results. Doming takes place in the hanging 
wall at lesser depths than in the foot-wall. 

In the upper part of the mine, there was some dis
placement of the veins along a strike fault which gave 
a displacement to the south of as muchas 90 feet in 
the case of the most prominent strike fault. In this 
area, therefore, thè upper workings are over a solid 
base in the foot-wall of the vein. The doming caused 
by the upper workings is thus not carried on downward 
to the lower levels. This type of fault does not ex
tend below the 1600-foot level. 

(5) The location of rock bursts in the v(a~ious workings 
at Lake Shore Mines is given by Robson ?J. He also 
gives a description of some of the larger bursts and 
shows the effect of theso bursts on timbering and on 
the circular steel sets. 

(6) The methods in use to prevent bursts have been and 
must, of course, continue to be improvements in mining 
technique, including careful attention to the spced of 
mining. To reduce the hazard, the shifts are reduced 
to two of eight hours each, operating from 7 a.m. to 
3 p.m. and from 7 p,m, to 3 a.m. Blasting, except for 
small shots for various purposes, is carried out at 
the end of the shift, with all men withdrawn from the 
mine. The blasts are fired electrically from the shaft 
station, the stopes being fired in order beginning with 
thoso farthest out. As bursting takes place during or 
after blasting, as a rule, the mine is left empty ex
cept for a few isolated workmen during the off-shift 
hours. 

VI. Adaptation of Research Program ta Mine Conditions: 
Throughout the foregoing· description of Lake Shore Mines 

care has been taken to include all observed data which would 
have some bearing on the adaptation of the research equipment 
or program which will have to be1nade in order to meet the 
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conditions in the mine. Sorne of these may be specifically 
mentioned as follows: 

(1) Equipment will have to be operated in very moist 
air but little or no special precautions need be taken 
against dust. 

(2) Operational noises and electrical disturbances in 
the vicinity of the cross cuts which may affect recorders 
are likely to be caused by: hoists, charging stations, 
hoist machinery for No. 6 shaft, ventilating fans in 
No. 3 shaft, ore and waste discharges and fill runs, 
crushers, annunciator and telephone systems, locomotives 
and trucks with ore and supply loadst water pumps, chute 
blasts to loosen ore. 

(3) Operational noises and electrical disturbances in the 
drift regions which must be consid~red àre: drilling, 
discharge of ore from chutes in the stopes, discharge 
of fill into stopes, transportation equipment, water 
pumps, pop shots for timbering and placing drills, blasting. 

(4) Equipment must be made in units which can be lifted 
by one man and loaded -into trucks so as to clear all 
timbering and permit of unloading at its destination. , 

( .5) Locations for se ismic equipmertt ,, which will be placed 
for the most part in the west end of the mine, must be 
on solid rock. This will mean scaling into the walls 
and providing cernent lined recesses for the units. The 
units for this reason also must be compaDt as possible. 
Equipment must be placed in such a way as not to obstruct 
traffic through the drifts. 

(6) Locations ·should not be in the west pillar but as 
close toit as possible in the drifts. 

(7) Programs must be designed to require as few trips 
up and down shaft as possible, since this is time con
suming. 

(8) If it is decided to have surface recording at a later 
date, the difficulty of getting electric cable down to 
the detectors will be largely one of expense. The shaft 
compartment provides easy access to every level. 

(9) Equipment should be battery oper ated if possible, as 
the only electric service to the s t opes is for blasting 
and this cannot be used for amplifier supply. 
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{10) To avoid using mine trucks, a light service truck 
should be provided which can be lifted from the track · 
if necessary and which is for the use of the research 
group only. 

{11) Temperature conditions do not present a problem for 
seisntlc equipment and are favourable to studies on 
temperature effects within the pillars due to changing 
pressure. 

(12) Since all workings are interconnected~ it should be 
possible to record with seismometer and microbarograph 
at the same location and obtain some indication of the 
position of a burst from the time interval between the 
elastic wave through the rock and the shock wave through 
the air. 

II. Location Data for Use with Appendix Report: In the ap-· 
pendix report, reference is made to locations of the equip
ment in the mine. This is explained graphically in .Fig. 22, 
which shows on the same location grid the two levels concerned: 
2950-foot and 3950-foot. 

The cross cuts are readily located. No. 3 shaft is at 
H, and No. 1 shaft at F. The drift, 2901W, begins at G. A 
barrier at this point shut off through traffic, as this drift 
is considered unsafe for regula.r service, but permitted the 
observers to pass into the drift as far as A,where a closed 
barrier prevented passing. The first set-up of the instru
ments, as shown in Figs. 9 and 10 of the appended report, 
was at A. 

On tte 3950-foot level, the drift, 3908w, begins at D. 
The drift, norm~1y in use, was here temporarily closed by 
a tight barrier to the east and a partial barrier some twenty 
or thirty feet further in. The set-up shown in Fig , 11 of 
the appended report was at D. Access to the set-up was gained 
by walking around the waste pillar, E. 

Th~) circular steel set shown in Fig. 11 of the present 
report is at Band the beam crushed by end thrust shown in 
Fig. 10 is at B. 

Copies of two daily records Vlith the equipment used iü 
March are given as Figs. 23 and 24 of the present report. 
Fig. 23 shows the last record made at the position A (2901W), 
March 19-20. The pick-up used was, in this case, the crystal 
detector. The very considerable amount of operational noise 
is quite evident, especially during the blasting periods from 
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2 to 3 p.m. and from 2 to 3 a . m. No knovm. strain bursts are 
recorded. The need for a wave filtei, to prevent blasting 
records from obscuring possible mine noises, is apparent. 

Fig. 24 has been copied from one of the later records 
made at D (3908W) of Fig. 22. This was made March 24-25 -
Easter Sunday. No mining was carried on that day and the 
difference in the records is clear. The sharp offset at 
7h36m55s p,m., March 24, was a small but sharp pillar burst 
in the stope above 2901W, about 100 feet east of the point 
A of Fig. 22. This burst was follawed by three others which 
were smaller. The time recorder of the mine seismograph 
was out of order for this record but the exact time was de
termined from the record of the surface seismograph. The 
absence of all tremors other than the bursts shows that, in 
addition to the filter, a change must be made in the frequency 
of the detector or else the amplification must be increased, 
or both. 

If mine noises other than bursts were present during 
the period of the record for March 24-25, they could not be 
detected by the equipment employed. 

CONCIDSION: The present report, together with the appended re
report as presented to Mr. Todd on March 26, brings the ac
count of the research to date. The work on an electronics 
laboratory was begun April 2. Mr. Gibbs came to Ottawa on 
April 4 and has remained here to date, He has beeh making 
contacts with manufacturers and agents of various supply 
houses and has completed an amplifier which he will use, to
gether with a commercial recorder about to be purchased, to 
make a further study of the possibility of mine noises, 

He plans to return to Kirkland Lake on April 17 going 
via Toronto where he will visit various supply houses and 
making a side trip frœn North Bay to Sudbury cri April 20 to 
consult with Mr. A. B, Yates at Copper Cliff who has had 
considerable experience with strain gauges, Arriving at 
Kirkland Lake, he expects to fit up the electronics labora
·tory which should be completed by then and to proceed with 
the various studies planned. 

On his return from Kirkland Lake on April 4, Mr. Gibbs 
brought back the Heiland recorder of the surface seismograph. 
This will be modified ta use alternating current instead of 
the unsatisfactory pendulum clock. The optical system will 
also be changed, It is expected that the modified equipment 
will yield much better surface records at Kirkland Lake. In 
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the meantime the equipment used in the mine during Marchis 
being operated at the surface station until the regular re
corder can be returned. 
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PROGRESS REPORT 

ROCKIDRST SEISMIC RESEARCH 

LAKE SHORE MINES 

The following report describes the nature of the instru
mental equipment~ designed and used during March, 1940, in seis
mic research on the rockburst problem at Lake Shore Mines. It 
indicates the data thus obtained and tabulates the deductions 
drawn therefrom. The difficulties at present foreseen, which lie 
in the way of further investigation, are reviewed and the possible 
means of overcoming them briefly examined. Finally, the writers 
propose what may be termed an interim experimental program, which 
~hould require a year or more to carry through and which is de
signed to selve the problem of the most suitable equipment to de
tect and record the physical data upon which, it is hoped, rock
burst prediction may be based. 

I. Initial Program Planned and Eguipment Provided: The aim of 
the program· undertaken during March has been that of determining, 
if possible, the nature and occurrence of mine noises which might, 
by their chronological pattern, indicate that a pillar under 
examination is in danger of bursting. As nothing was known as to 
the vibration frequency of such noises, two frequency ranges in 
detectors were provided. A Heiland geophone (Fig. 1, right) was 
purchased for the purpose of covering the frequency range from 
about 20 cycles to 75 cycles. The interior construction of this 
geophone is shown in Fig. 2 and Fig. · 3. A Brush crystal detector 
(Fig. 1, left) was selected to cover from about 1 cycle to ·a 
little above 5,000 cycles. 

The amplifier for use with the above detectors was built by 
Mr. Hollinsworth of the Dominion Observatory staff for another 
purpose but was loaned to this investigation through the courtesy 
of the Dominic~ Astronomer and Mr. Hollinsworth. The amplifier 
was designed to have a linear amplification over the combined 
range of bath detectors, but had not yet been tested and modified 
by experiment when pressure of time led to -its being taken over 
for this work. The amplifier appears in Fig. 4. 

The recorder was built at the Observatory under the direc
tion of Mr. Hollinsworth and according to his design. It records 
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Fig. 1. Bru.sh Crystal Detector and Heiland Geophone 

/ 
/ 

Fig. 2. Interior of Heiland Geophone 



Fig. 3. Interior of Heiland Geophone 
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Fig . 4. Amplifier Unit 
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with ink on ordinary paper. The pen--a fine-bore, thin walled 
tube of stainless steel--is clamped near the inner end of its 
tube. At the extreme inner end, the tube dips into an ink reser
voir. About a third of the distance from clamp to writing point, 
the ~en is connected by a rod (horizontal when in operating posi~ 
tian) at right angles to the tube. This rod is fastened to the 
voicecoil of a permanent magnet) dynamié, loud-speaker unit . For 
details of the pen, see Fig. 5. 

The pen is mounted at right angles to the axis of a Milne
Shaw recording drum, which USt}S a sheet of paper about lO"xl9-5" 
and gives a paper speed of l:?°mm/min. To mark time, an alarm 
clock was fitted with a minute contact, which operates a relay 
through two No. 6 dry cells. The relay , in turn, supplies cur
rent from a single No. 6 dry cell, through a rheostat, to the 
loud speaker unit of the pen. The rheostat permits the amplitude 
of the time marks to be adjusted. A small copper oxide rectifier, 
between the amplifier and the ·speaker unit of the pen, is ar
ranged so that all mine noises are recorded with a downward mark 
of the pen. (Whipping of the tube sometimes makes such marks ap .. 
pear on both sides of the line, but only for the more violent 
disturbances.) The time marking device is arranged to move the 
pen upwards to mark the minutes, The arrangements of this para
graph were made by Mr. Gi~bs after his arrival at · ottawa on Mardh 
1. The recording assembly is shown, open, in Fig .. 6, and in the 
covering box in Fig. 7. The entire outfit with the Heiland geo~ 
phone is shown in Fig. 8. 

On being ~ec~ived at Lake Shore Mines, the recording unit 
and amplifier were mounted in a wooden box as shown in Fig. 9. 
The amplifier is fitted into the lower shelf, with a forward
opening door. The recorder, box and allt is placed in the top 
compartment, the door of which opens upward. Two 40-watt lamps 
are kept burning in the lower section with the amplifier. Hales 
in the floor of the top half permit the warm a1r to reach the 
recorder. It has been found that this is ample protection againgt 
the dampness of the mine. 

The arrangement in Fig . 9 is as set up in Sec. 8W of 2901W. 
The crys t al detector (or DP-1 as it is usually designated) is 
shown suspended against the face of the drift. _T~ is 
spalled at all points near this set-up, so the~ ec~?r perforce, 
does not rest on solid rock, For this same set-up, the Heiland 
~eophone was set on firmly wedged but loose rock on the face 
l see Fig . 10) .. More solid condi tians were available in the second 
set -up in 3908W (south drift). These are s hown i n Fig. 11. 



Fig. 5. Pen Mechanism of Recorder 

/ 
Fig. 6. Recorder wi thout Cover 



/ 

Fig . Î• Recorder with Cover 

/ 
Fig. 8. Âssembly ith Heiland Geophone Pick-up 



Fig. 9 . Crystal etec~or Set- up 
on the 2950-foot Level 

Fig. 10. Geo phone Set-up 
on the 2950-foot Level 



Fig . 11 . Set-up on the 
39.50-foot Level 

* 

Fig . 12. ''iring to Set-up 
on the 29.50-foot Level 
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II. Recordins Program as Implemented~ 
( 1) ~..:ine Sei smograph: The equipment was recei ved at Lake 

Shore early, Monday, lv!arch 11 a It was set up and tested that 
same morning, The box providing protection from dampness in the 
mine was designed and built in the afternoon, being delivered 
early next morning, Tuesday was devoted to fitting the instru
ments into place and in completing the wiring for recording and 
heating. Electric current at 110 A.C. was carried in metal 
sheathed BX cable to a location in the unused south drift about 
90 ft. east of 2909 X-eut. Convenience outlets and power switch 
wero installed here to accommodate the recording apparatus and 
to provide light while working on the instruments. 

The instruments werè placed in operation '!Hednesday morning, 
March 13, using the Heiland geophone, Improper adjustment or the 
dampnoss caused the pen arm to rise off the record soon after re
cording had begun. Drying of the ink at the end of the capillary 
prevented subsequent recording when the pen returned to the paper 
later on. As a consequence no record was obtained on the sheet 
for March 13-14. A good record was obtained for the 24-hr. period 
terminating Friday morning, the same hook-up being used. Condi
tions vrere left unchanged until Sunday mo:rning, March 17, when 
the crystal detector was installed in place of the Heiland geo
phone. Good 24-hr. records were removed Monday, Tuesday, and 
V/ednesday. 

On Vlodnosday morning, Mer.ch 20, the outfi t was moved to the 
east cmd of 3908w drift. This end of the drift was closed by 
barricades. Good records were obtained each morning to the date 
of this memorandum (March 26) u~ing the crystal detector. As in
stalled at first, the dctector was supported by wires fastened 
to a post resting on service pipes on the floor of the drift. 
The mine captain on this level pointod out that much of the dis
turbance recorded was due to tremors carricd along this pipe at 
the time muck was being discharged from the stope nearby. The 
wires wcro changed Monday morning, March 2.5, being fastened only 
to the rock as shown in Fi?. 11, The record romoved the next 
morning was quite changed 1n character, though it must be noted 
that the oporations in the stope had ohanged and filling had 
commenced. 

On removing the records each day, they are taken to :Mr. 
Adamson's office and there comparod with the reports received 
f1om the mine captains showing the amounts of explosive used and 
tho- nature of the rock blastcd. Special reports have also been 
asked for and received showing the positions and timos of all pop 
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shots for timboring and, for one day, the movements of electric 
trains in the vicini ty of the vmst pillar on the 39.50 i lcvel. 
Tho co-operation of the mine captains and thoir interest in the 
investigation have been most helpful. 

The difficultics have been cxperienced in obtaining full 
24-hr. runs, oxcept for the first day when the pen ran dry and, 
at times, whcn the timing contacts failed to function. The fail
ure of the timc marks is nota serious matter, as the timos of 

1 boginning and ending are ontered on each sheet from the corrected 
watches of the opcrators. The drum rotatos nominally once an 
hour and i ts rate is knovm, enabling tirne to be identifiod on the 
record to within a minute or so. More exact timing is seldom 
needed, but whcn requirod the blasting records on the mine seis
mograph can be correlated with the accurately timed records of 
the surface soismograph. 

(2) Surface Seismograp~: At this point it may be stated that 
the surface seismograph has boen complctely overhauled since the 
writers arrivod at Kirkland Lako. The seismomcter was found to 
requ'irc adjustmont and also the galvanometer and the lamp. The 
timing circuit has been arrangod to opcrate from a dry cell in~ 
stead of from tho battery supplying the light source_ This 
eliminatos any possibility of intorfcrence due to the charging 
generàtor. The efficiency of the surface installation has been 
grcatly cnhanced and serves as a valuable check on the mine in
strument. 

As _it was somctimes impossible to receive time sign.als, 
even from NAA, the aerial was taken down and re-wired~ the .dimen
sions being changed. The long wire was eut and three insulators 
inserted at intervals of 66 ft. From the centre of these three 
insulators an ordinary lamp cord was run to the receiving set. 
Each oonductor of the lamp cord was soldered to one 66-ft. length 
of antcnna. Whcn connectod to tne receiver as a "half-wave 
doublet" this antonna e.ffords excellent reception of CHU on 3330 
Kc. and roduccs tho static. By changing the method of attaching 
the fcedors to · tho receiver, tho antonna may be made to opcrate 
as a simple capacitive antonna. Knife switches have been mounted 
on the wall of the radio room to facilitatc the change. Oporating 
as an ordtnary antenna, the signals from NAA arc better than 
bcforo, due mainly to a botter signal-to-noise ratio obtaincd with 
the effoctively shorter antenna. 

The doveloping bench was found to bè much corroded, the 
galvanizing being destroyed in many places. Atour request this 
was rubbcd down and given two coats of gray paint. The paint 
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used was apparently not entirely suited to the conditions or, 
perhaps, a primer coat of some sort should have been applied, 
for the new paint tends to blister and turn ~n1ite if water is 
left standing on it. 

To take care of all the needs now observed at the surface 
station, the following are hereby recommended: 

(i) Top of developing bench to be painted two coats of 
special waterproof paint. There is a C.I.L. pro
duct sold for this purpose. 

(ii) The floor of the seismograph room and also the radio 
room should be sized and painted to eliminate, as 
far as possible the fine dust which is damaging 
the mirror surfaces of the seismograph. 

(iii) To eliminate radio interference due to the motor
generator set, radio frequency chokes should be in
stalled in the leads from the motor-generator. A 
grounded shield around the commutator of the gener
ator might also be helpful. The cost of this im
provement should run between five and ten dollars 

III. Deductions from Data Obtained: The following are the 
observed results o~ the short recording program so far carried 
out with the mine seismograph: · 

(1) . All blasting and all reported bursts in the region of 
the west pillar appear to have been recorded by the 
mine seismograph. 

(2) The crystal detector is more sensitive for bath the 
blasts and for the few small strain bursts ex
perienced during the experimental runs. 

(3) There seems to be no record of ~ny noises in the mine, 
other than those due to mine operations and to the 
strain bursts reported, There are a few other 
shocks which seem to ha~e recorded in the same way 
as strain bursts and appear on the charts of both 
mine and surface seismographs. These last are pro
bably small strain bursts not located by the miners. 

{4) So far as the writers are aware no mine noises, as dis
tinct from strain bursts, have been reported in the 
vicinity of the west pillar since recording began. 
The mine has not been "talking" or "crackingtt. 

. . 
(5) Dumping of ore or waste rock through the chutes does 
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not soem to havo been recorded except at .the set-up 
in 39081.'l where the chutes v.rerc very close·. Even 
hcre, the recording was unduly aided by the improper 
at.ta.chmont of the detcctor wires as noted on page 3. 

ThA seismograph, when in 2 901':7 picked up small blasts 
from greater distances than when in 3908w·. 

The seismograph seems to pickup small bÎasts from 
greater distances bclow it than above it , e . g . the 
energy of~ blast seoms to travel more freely up
ward tha:i. dovmward. ï.Jhen in 290FJ, i t recorde-d 
small blasts in the 5300 X-eut with equal or greater 
mnplitude than when in 390817, 

Rock drills do not affect the seismograph even when 
operating quite close, e,g. in the stope above 3908w. 

Locomotives and trains, even when loaded, do not record 
unless passing very close._ Detailed reports of loco
moti Ye operation were obtained for one day only . 

Strain bursts givG no v:J'arnings which can be detected on 
the siow time scale of the recording drum. The paper 
speed is only ~imm/min. 

Experience indicates that the detector (crystal or geo
phope type) should be installed on solid rock with 
no direct connection to timbering, piping, electric 
services, or tracks. 

IV" bimi ta.tians of Equipment Used: As previously indicate·d, 
the recording equipment was assembled around-two commercial vi
bration detectors purchased atour request by Lake Shore Mines. 
The amplifier was built for an entirely different purpose by 
the Observatory and loaned temporarily to this project. Various 
odds and ends of idle apparatus served, .with some modifications, 
to round out the installation which has served this investigation. 
The facilities of the Obsérvatory machine shop and carpenter shop 
have been dravn1 upon freely to assemble all these into workable 
shepe. 

The assembly was the best we could do at short notice end 
with no definite knowledge of the frequency characteristics we 
are to measure. It is evident -that, whether or not some of the 
recorded offsets are mine noises as distinct from operational 
noises, the latter are so large and so constantly present that 
a clear picture of mine noises alone cannot be obtai~ed with the 
present set-up. 
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If it is decided to continue such listening posts in the 
mine, it will be necessary to build another outfit. The same 
two detectors can be used to cover the frequency range to 5,000 
cycles, but a third unit must be obtained to extend the frequency 
band'up to 10,000 cycles at least, An amplifier must be built 
which can filter out the operation~oises and record only mine 

, noises. Tpis phase of the problem will be discussed later, in 
detail and with estimates of the oost. At the moment we wish 
only to make the point that the present assembly has been most 
informative, showing the general noise level in the mine and 
demonstrating the feasibility of operating delicate detectors 
underground, but that, for a regular program, a designed recorder 
must be developed by experiment. 

The pr'esent recorder can be left here for a month or two 
on loan from the Observa'tory, while other equipment is being 
built, subject to recall should the recording drum be required 
in an emergency. If further work is undertaken and when, in 
that case, the experimental Lake Shore equipment has been brought 
to operation stage, the present recorder can be returned to Ot
tawa. It is not recommended that the prograni with the present 
assembly be contiriued exceptas a stop-gap. 

V. Instrumental Difficulties to be Met in New Design: ---
(1) Listening Post Eguipment: One of the instrumental dif-

fic~lties we wish to discuss at this point has to do with the 
development of listening post equipment. Such_ equipment should 
have a recording unit which can be run at various speeds at will, 
so that it can be speeded up at certain times of the day When it 
is desired to get a clear record of the nature and frequency 
characteristics of certain noises. The difficulties of making 
such ~ recorder have been overcome and it is possible to purchase 
such a commercial unit complete . . The amplifier to be used must 
be provided with filters which will enable the operator to con
fine the record to those sections of the frequency spectrum which 
experience may indicate as desirable to explore. Such amplifiers 
and wave traps can also bé purchased commercially. 

To make a selection of the verious commercial units and then 
build them into a co-ordinated whole seems to be a better plan 
than to attempt to build an entire outfit here. It will take 
less time and, in the long run, be no more expensive. 

In this co-ordinated equipment we should have a portable 
unit, operating on A.C. or batteries as required, with which we 
could record, with ink on. sproket-driven paper charts and with 
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any desired paper speed: 

(a) all noises, as to amplitude 
(b) the amplitude of noises of segregated bands of 

~pecified frequency 
or 

(c) _the frequencies of all noises, regardless of ampli
tude, thereby identifying the type of sound and, 
probably, its source. 

It is desirable to 0perfect a single unit at first. ·when 
this has been done, it would be possible to arrange to have de
tectors at various points of a pillar and to locate all the re
corders in the office building on the surface, The problems in
volved are not scrious. The most serious phase of sucn anar-

. rangement would be the e;z:pense and trouble involved in providing 
shielded cable connections from the various detectors to the cen
tral recording station. The advantages of such a centralized re 
cording are obvious but it is not to be recornmended until all ex
perimenting with a single recording dcvice has been satisfactoTily 
completed. 

(2) Time Recording Devices: If it is desired to adopta re
search program on seismic velocities, the most serious instru
mental difficulty is that. of providing time-measuring devices of 
sensitivity and precision. The total time fôr a seismic wave to 
travel 1,000 ft. in a pillar would probably be about .05 sec. 
The shortest distance of travel which one might wish to measure 
would be possibly 100 ft. which would require a travel time of 
.005 sec. Variations in total time, which would be the quantity 
one would wish to measure for burst prediction purposes, would be 
thus about ,0001 sec. To do this, accurately timed and clearly 
recor~ed lines would have to be made photographic~lly on the re
cord at intervals of .001 sec. At present, field cameras used in 
seismic prospecting provide timing lines at intervals of only .01 
sec. Any available camera would thus have tô be specially made 
or we should have to build one. Mr. Gibbs has had experience in 
making such cameras and could build one to record satisfactorily 
at this speed. To do this would take several months and involve 
expense which will be discussed in Section VII. 

(3) Strain Meters: If strain meters are to be used in the 
drifts, the experience of others should be obtained, for in this 
field a good deal of work has been done. In this event, Mr. 
Gibbs would wish to consult with investigators at Coppercliff, at 
Cambridge, and at ,/ashington, before deciding on a type adapted 
for use in Lake Shore Mines. These strain meters should be in-
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stalled at a multiplicity of points, their readings taken regu
larly and frequently, and the results kept tabulated te date at 
all times. 

For some pillars, the variations in dimensions of the pillar 
itself could be taken with a constant tension device Mr. Gibbs 
has suggested, provided it were possible to drill a hole com
pletely through the pillar from stope to stope and from drift to 
drift. This matter of drilling may be impractical, but, if net, 
such a gauge would bo very informative. It could probably be 
used te advantage in small pillars. 

VI. Laborato~y Facilities Reguired: · rf any continuing research 
pro~ram is to ùe adopted with the present men in charge, facili
ties v.rould have to be provided at the outset for an electronics 
laboratory. · Other thin.gs being equal., a small room on the west 
side of the south end of the basement of the Accommodation Buil
ding suggests itself as suitable, since it would be farthest 
from possible disturbances, electrical or mechanical, and would 
be convenient for Mr~ Gib~s when experimenting. at night. 

Such a laboratory should be light tight and ventilated. It 
should be provided witL hot and cold water, A.C. and D.C. supply, 
compressed a.ir, and gas. Tools and measuring devices woul.d also 
be required, togeth0r with supplies. An oscilloscope, frequency 
standards, etc. would be needed. The cost of an initial, mini
mum instaliation of this ki~d, exclusive of the room and services 
(water, gas, etc.) required is estimated, on the basis of pre
vious experience, at three _thousand dollars ($3,000). 

VII. Interim Program Proposed: The follo~dng suggestions define 
what is termed an interim program since, if. adopted, they would 
require a year or more of experimenting until the exactly suit
able equipment had been developed for measuring the various phy
sical properties of the rock in the mine, which experience alone 
can show to be significant and the nature of which can be defined 
only by experimental work. 

At the conclusion of such an interim program, routine re
oording with, if desired, multiple detecting units and central 
recording can be undertaken. The interim program might, perhaps, 
evolve the chronological pattern of the physical phenomena, sig
nificant for the purpose of rockburst prediction. Whether it 
did or not, routine observation ·would then be indicated and an 
established routine program adopted. 

Five distinct types of investigation are recornmended. The 
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details of providing for eaeh of those (from the point of 
the difficulties involved) have been treated in sectio s V and VI. 
The present section sketches briefly the proposed method of at
tack in each case, the equipment required for cach, and the esti
mated cost, exclusive of overhead (laboratory raaintainence, salary, 
etc. ) 

(A~ Lie.teni..n,g · Po~t: F.xperlence seems to i.ndicate that, if a 
single listening post is to be provided, it should be a portable 
mobi]e dovice, which 0an be set up in turn in various parts of 
th~ pilla:!:'. Buttsry operated equipment is indicated. To provide 
the comm.ercial equipment and parts sufficient for experimental 
work te p::::-oceecl~ thG following items have been foreseen. The dif
fA.r~nce betwee11 the sum of these costs and the total estimated 
amount quoted j_r_ the Conclusion has been carefully considered,. 
It i;~ ·oGlieved the sum :i.1amed is sufficient to enable Mr. Gibbs 
ta lùake up all requlred equiptnent in the laboratory which would 
be noedsd to comp le·~e experimental work i:Q. d.eveloping a single 
per::"ec t ed unit for :;.:·ooorJ:i.ng in the mine. This would not, how
eve"':, provide :f:"or centra~ reoording a.t the surface from multiple 
detoc+or□ at 7a~ious peints in the mine, 

D.~. AlD.plifier. ~ , •• 
~s~erlinc-Angus Recorder 
A,0. A.mplifier a , , •• 

Bo t t. opera.tian egpt, 
Extra Crystal Detect. 

$~00.00 

328.00 
150.00 

90,00 

80.00 
$948. 00 

(B) ~locU.v Me:3.se.re:ne:1ts: The vrest pi l lar is at least 1000 
ft. in height, measuret along the dip of the veins~ If a seis
mic prospeeting outfit were obta~.n.ed, the recording unit could 
be set up :;..n some conveni Gnt posi tien in a drift midway of t_he 
pjllar and cables run up ana down to four (cr six) geophone pick
ups, sealen in suitable positions at various heights in the pil
lar WRlls. Then, each day, when the mine ·was not working {say 
at the third hour of the time between shifts) a~rangements could 
be ~ade to have the mine ~u:.et for, se.y, five m:!.nutes. 

At this time, a shot of approximately one stick of dynamite 
wculn be fired at a selcct0d point in the pillar, A wire would 
have been ~un previously from the re0ording unit to the firing 
point. This wire would. be left ir.i. place from day to day. It 
wo ld serve to record the instant of discharge. The camera would 
run through about 30 in. of paper per second, recording· the ar-
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riving tremors in full detail 

Such a record would show to .0001 soc, the travel time from 
the shot point to each of the geophones and would thus give the 
times for four (cr six) paths through the pillar. By firing at 
several points, the number and position of the travel paths oould 
be increased by four (or six) for each firing position . The 
total ti~e involved in which quiet would be required in the mine 
could be kept within a few minutes. The geophones would remain 
in posit!on, the recording unit would be sealed up and left 
ready for operation and the firing lines to each standard selec
ted firing position would be left in place, The work involved 
in taking a record each day would be very ·small. 

Repoating the shots each day the travel times for each path 
could be plotted as measured9 The shifting of stress from one 
part of the pillar to another as mining progressed would reveal 
itself in the relative movements of the plotted travel times fo~ 
the various path3, Such a composite graph would be most informa
tive. 

To purchase equipment for such an investigation would be 
too e:x:pensive to be warranted urttil experimeht had shown the 
method to be capabie of yielding information of value . Prioes 
have · been obtained from three different sources from which such 
equipment could be rented. Thase are as follows~ 

{a} Dr-. L. Don Leet, Harvard, Mass. Four pick-up 
equiptilent ,, offered for immediate deli very at 
$500. for one month, or $900. for two months. 

(b) Seismograph Service Corp. (S 1 S.C.), Tulsa, Okla. 
Six pick-up equipment offered for, presumably, 
immediate delivery at $800, for one month, $6004 
per month for three months, and $500. per month 
thereafter .. 

(c) Heiland Research Corp., Denver, Golo. Four pick-up 
equipment off'ered for ·0 deli very on four week' s 
notice" -at $300. ver mont.h. 

The Leet and s.s.c. offers would be for used equipment in 
good condition. The Heiland equipment would, apparently, have 
a new camera; but our experi0nce so far with them would -lead us 
to look with suspicion on the "four weeks" clause. Mr. Gibbs 
built the Leet outfit and has operated it often in the field. 
He has also oper·ated S. s. C. equipment. Certainly the Leet camera 
and, very possibly, the S.S.C. camera would have to be rebuilt 
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to satisfy the time recording accuracy required. 

In addition to the above, Root Petroleum Ltd., El Dorado, 
Ark., has offered their six-track recorder and seven geophones 
(used S.S.C. equipment now in storage) at "ab~ percent of 
the original cost". It is believed that tÈ._?. ~ equipment could 
be rented for about $200. per month, the rerft"al to apply on op
tion of purchase for $2000. to $2500, The seismic prospecting 
subsidiary of Root Petroleum has been terminated and the equip
ment is no longer of use to them. It is somewhat obsolete fer 
oil prospecting but woul d serve very well for mine wor k if a 
new camera were built. Mr, Gibbs supervised the original pur
chase of this equipment for Root Petroleum and operated it for 
them in Louisiana and Arkansas some four years ago. 

If this method of attack is to be undertaken , it is recom
mended that a rental-on-purchase option from Root Petroleum be 
sought. Failing that (they have so far offered o~ly to sell 
outright) it is recommended that Leet's outfit be rented, Then, 
if the method is adopted for routine operation, the high speed 
camera, necessarily made for the test runs with Leet's equipment, 
could be retained and used with the S-S.C. equipment purcnased 
from Root Petr oleum, 

On the above basis, the following is an estimate of the cost 
of this form of investigation for the intertm progra.m; 

Rental. , ..• $200. to $450. per m, 
Blasting cable and 

geophone cable ...•.• 
·Tra~s~ortation 2-way ..•• 
Batteries .... . , , . 
P~Pchase $2,000. to $2,500, 
Transportation. 
Cable . , . • . . . . , , ' 
Batteries .•••.• • , • 
Total: 1&450, to ~• 

$200.00 
75. 00 
30,00 

$ 305'. 00 

$150. 00 
200.00 
100.00 

Photographie supplie s in 
ei'ther case. • • . ,. $150 . per year , 

(No allowance made in a ny of the aoove 
for duty, sales tax, or exchange,) 
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(C) Strain Meters: It is proposed to place these in multiple 
positions in drifts throughout the west pillar l·egion and also, 
if possible, in holes bored through some of the smaller pillars. 
They should also be installed in the east side of the mine. If 
used, they should be placed in permanent fashion, with every care, 
and their records read and tabulated at frequent intervals. De
pending on the number of such devices used, the estimated cost, 
exclusive of overhead for this form of study would be from $20. 
to $30. each, plus cost of tabulation of records into usable 
form. More units installed would, of course, reduce the cost per 
unit. 

(D) Thermometric Measurements: Instruments . for this purpose 
could best be buil t by Mr. Gibbs and installed _by him at no cost 
nbove the overhead except for supplies, One or two experimental 
stations should suffice for the duration of the proposed interim 
program. The cost for supplies ~or a single such station is esti
mat8d at $350,00. 

{E) Fault Mar~: It would involve very little expense for 
tbe cotstruction ~nd installation of dcvices for measuring the 
amplitude and direction of slow displacements along the plane of 
Rll maJor faults exposed by drifts. These could be designed to 
involve a minimum of servicing. Some thought has been devoted 
to this form of study and several designs for such markers have 
been discussed. 

These markers should be installed also in the east end of 
the mine where faulting is more marked and, prcsumably, more 
active. The tabulated results would be obtained at a minimum 
expense and trouble and should prove most informative. It is 
recommended that the installation and servicing of such markers 
be included in any continuing program adopted. The expense, 
other than overhead, would be purely nominal. 

Note: In all the above program, exceptas noted, it is proposed 
to confine the investigation to the west pillar. , The conditions 
here are more simple in that there are fewer faults. The pillar 
is smaller, too, and ·chan_ging r.nore rapidly as mining advances .. 

Conclusion: 
The five forms of investigation proposed above, carried 

along simultaneously, would give a comprehensive and detailed 
picture of the tectonic conditions in the mine. No suoh con
certed attack on the problem of rockbursts has ever been at
tempted so far as the writers have been able to learn. Indeed, 
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until quite recently, the progress in electronics art had not 
been sufficiently advanced to permit the attack here proposed. 

As noted on page 10, only the larger items of 
pense have been entered. If we make allowance for 
supplies, duty, etc, it may reasonably be set down 
~J:'eJT p:roposed would cost not less tr.an $1.5, 000 and 
$2,5,0ÜÜc 

equipment 0x
overhead, 
that the pro
not :r.iore than 

.1.\~ 1s the opinlon cf the wri t0rs that this amot·nt is bath 
necessary and sufficient to develop instruments and technique to 
a pci.o.t ·where a regular routine program could~lowed. The 
date obtained from the start through this interim program would 

· Ja cf evor-increasing value. It is believed that the ultimate 
gonl of rockJurst prediction is more nearly possible than had 
1)8311 thought and that the proposed program is a reasonable method 
of proc8dure towa:.:-d that end. 

·1.-1~, the 11ndersigned, would recommend i ta adoption as a co
ordi.nateè. whole. 

Kirl-:1 and I ake ~ 
0~1tari ,) a 
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