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*** 
Of the four previous reports on this work, No. 3 brought 

the general account of the rock burst research to the date 
August 15, 1940. Report No. 4 deals solely with the operation 
of the surface seismograph, from the date of its installation 
(December 19, 1939) to the end of 1940. The present issue 
carries forward the general record from August 15, 1940,to 
April 15, 1941. 

As in previous issues, the arrangement presents a con­
densed, but fairly comprehensive, account in section I; the 
elaboration of certain details follow~ in titled sections 
which follow the sequence of the résumé. Reference items are 
given in a series of appendixes. 

I~ Résumé of Progress: August 15, 1940 to April 12, 1941. 

At the closing date of the third report, a memorandum 
had just been presented to Lake Shore Mines, reco:romending, 
among other things, the leasing of a seismic prospecting 
outfit from Dr. L. Don Leet of Harvard University, for the 
purpose of determining the frequencies of the elastic vi­
brations in the rock, as generated respectively by bursts 
and by blasts and other mine noises. The recommendations 
were approved. Arrangements were made to have Mr. Gibbs 
leave for Hcrvard to assemble, pack, and ship the Leet equip-­
ment, as soon as certain work, , immediately pending at the 
mine, could be completed. 

In partl t his work consisted of constructing a · battery~ 
operated amplifi er for the mine seismograph, which could be 
used in a long exploratory cross-eut on the 3075v-1eve1 1 
running north from the mine proper for more than half a mile. 
The remote end of this long-disused cross-eut is not supplied 
with electric current. 

The amplifier was completed and installed on August 29 
in the above-mentioned cross-eut (designated 3052X-C); the 
hydraulic strai n gauge, previously r eported as constructed. 
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was installed in 3001-1·, drift; and the routine o:peration of 
these and of the surface seismograph was made familiar to 
Mr. H. :M. Butterfield who, at the t'ime of the closing date 
of Report No~ 3, had just been appointed to assist in the 
rock burst program. 

Mr. Gibbs left for Harvard on September 4, driving 
dovm via Ottawa where he interviewed the Customs officials 
re the shipment of LeetYs equipment~ The seismic apparatus 
was stored in various units at Cambridge and at the seismic 
station at Harvard. Leet was away at the time but the 
equipment had been constructed by Gibbs and stored by him 
after i t was last used, so he v.ras able to get i t into shape 
in a short time. 

't,'lhile in the vicini ty of Cambridge, Gibbs interviewed 
various experimenters in the field of high pressure research 
(Birch, Bridgman, Pierce) a~d others engageâ in the manu­
facture or use of special radio equipment (General Radio: 
Burke, Tuttle). He 1NB.s able to interest them in the studies 
at Kirkland Lake and to pickup soroe valuable hints on pro­
cedure, especially in the matter of filter design. 

It ~~s arranged that Gibbs should arrive back at Kirk­
land Lake on or about September 19 and that Hodgson should 
leave Ottawa to arri:ve there at abôut the same time. Mr. 
R. G. K. ]\~orri son of Nundydroog Mines, l~ysore, India, en­
gaged by the ~ining Association to investigate the rock 
burst situation, was scheduled to be· in Kirkland Lake at 
about this time and Messrs . . Yates and Bhenon of Sudbury 
( International Nickel· ·co.) ·planned to be present when the 
L0et equipment was tested. Prof. Geo. B. Langford (Pro­
fesser of 1:ining Geology, U~J.i ver si ty of Toronto) who was 
in the district at the time arranged to be at Lake Shore 
Mines for a day or so while the early exp0riments were 
undertaken. 

Hodgson arrived at Kirkland Lake on September 21 
and Gibbs drove in the next day .: ... a Sunday. It was learned 
then that the Sudbury dclegation would arrive on September 
30, so steps wore taken to rush the release ' of the seismic 
outfit and ~et everything in shape for experiments in the 
mine on or before that date. 

The oquipment was deli vercd at the mine on 1"Jednesday, 
September 25. Aftor assembling and tosting, it was taken 
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into the mine for initial experiments on September 27. On 
Monday, September 30, the equipment was operated in the 
3052 X-eut, all those abo~e mentioned being present, together 
with Mr, Robaon of the Lake Shore staff. The records were 
discussed at the l~boratory the next day, after which the 
group broke up. A brief interim report was presented to 
Lake Shore Mines under date of October 3. A copy is attached 
to this report as Appendix I. 

It was planned to ship the outfit to Sudbury for ex­
periments in Frood Mine early in October. The expense of 
leasing and securing the Leet equipment was borne, joiptl7 
by the Frood Mine {International Nickel Co., Sudbury} e.nd 
Lake Shore Mines. Hodgson returned to Ottawa on October .4. 

Gibbs went to Sudbury with the equipment on October 8, 
experimenting there until October 24. The frequency in­
vestigations were carried out at two locations, one on the 
2000i-level, the other on the 2800'-level. Considerable 
difficulty was expcrienced, due to moisture and acid-charged 
ground-water affecting the equipment, to the practically 
constant interruptions by mine noises, and to stray electric 
currents affecting thé galvanometers. Good frequency re­
cords were obtained after some difficulty, but experiments 
to obtain rough values of the speed of propagation of the 
sound waves through the rock could not be carried out with­
out extensive modification of the equipment~ As the in­
struments were leased, this was out of the question. The 
Leet apparatus was shipped back to Lake Shore Mines on October 
25. 

Experiments to determine frequency were resumed at 
Kirlüand Lake by Gibbs, assi stcd by ~:""r. Olt E. Andrew of the 
Lake Shore staff, who had been appointed to assist in this 
work after Mr. Butterfield left Lake Shore early in October. 
Frequency studies were made again in 3052 X-eut and also on 
the 295ov-1evel, in a spocially prepared location in 2920W 
X-eut. This location is close tô the west pillar. As the 
ground is loose e:x:tra precautions had to be taken; special 
tim oring and lagging werè put in as shown in Fig. 6. 

The experiments a.t take Shore and at Frood showed 
definitely that: 

(a) Blasting always generated vibration·s, in the 
frequency range of about 40-60 cycles per 
second. 
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(b) Some blasts had, snperposed on the above low 
frequency, a higher order of from 200-400 
cycles per second. 

(c) The few cases where strain bursts alone regis­
tered were found to show frequencies only 
in the higher range. 

(d) Other mine noises (trarnming, hoists, crushers, 
etc.) generated frequencies less than 100 
cycles per second. 

To determine whether the high frequencies could have 
been due to some charaûteristic of the equipment, extensive 
experiments ~~re carried out by Gibbs in the Lake Shore laboP­
atory. A geophone was subjected to various frequencies con­
trolled by an oscillator and tô amplitudes which were kept 
within appropriate limits. It was found that no high fre- . 
quencies registered on the seismograms when the geophone was 
subjected to low frequencies and that it recorded the high 
frequencies faithfully as to period but at a much lower 
amplification than for the lov.r frequencies. 

It is concluded that: 

(a, Blasts generate rock vibration frequencies of 
40-60 cycles per second. 

(b) Other mine disturbances generate frequencies 
of less than 100 cycles per second. 

(c) Bursts generate frequencies of 200-400 cycles 
per second. 

(d) Blasts in strained rock induce the low fre­
quency and, at the same time, often release 
energy which causes the high frequency, 
characteristic of bursts. 

( e) The discrepancy in amplitude of recorded lm~, 
and high frequencies is due to the non­
linear amplification of the equipment. The 
energy in the burst frequoncy i~ relatively 
greater than _tho records indicate. 

(f) The high frequencies attenuate with distance 
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much more than do the low frequencies. 

Sorne attempts wer0 made to determine sound velocities 
in the rock at Lake Shore ~ines; but, as at Frood, the 
difficul ties vrere too groat to be surmounted in the limi ted 
time available and with leased equipment. Experiments were 
concluded at Lake Shore on November 19 and the equipment 
was shipped back to Harvard on Novembor 21. 

Efforts were made at once to secure filters which would 
suppross oscillations up to 200 cycles per second but give 
good amplification for higher frequencies. Owing to the 
pressure of war work, Gencral Radio, Cambridge, ~11ass., could 
not undcrtak0 the construction . . They kindly furnished speci­
fications, however, and the filters wer0 finally made by the 
Hammond Co. of Guelph. These wcre givon an exhaustive serics 
of tests in the Lake Shore laboratcry by tu-. Gibbs. 

It was found nocossary to change the terminal impedance 
of tho filters from 250,000 ohms to 20,000 ohms. Under the 
new conditions, the eut off was sharp to 200 cycles and the 
amplification beyond that froquency was reasonably flat to 
nearly .5000 cycles, Tho data wcre plottod by Mr. Andrew 
for both values of the terminal impedance. The curves ap­
poar as Fig. 14. An oxplanation of the tosting procedure, 
as done by Gibbs, is givcn in a lett0r from him to Mr. 
Hammond dated March 10. An excerpt from this latter appcars 
as Appendix II. 

The mine seismograph, equippod with the filter, was 
set up in the rear of a safoty shelter on the 4200i-level 
Whcre it was operated for somc days early in March. This 
location is not only at considerable depth but it is in 
strainod ground and close to extensive mining operations. 
Andrew sat besidc it sevoral days during blasting time 
watching the record whilo listening to the blasts. He 
found that: 

(a) Not all blasts rogistered, 

(b) Most of tho hoavy oncs were rocorded. 

(c) No records of bursts alone were made 
whilo ho was there. 

(d) Sorne disturbancos, prcsumably strain bursts, 
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were registered at other than blasting times 
and those were usually registered also on the 
surface seismograph. 

It was concluded, tentatively, that: 

(a) Some of the larger blasts orthose nearer the 
equipment were able to pass the filter, 
simply because of their magnitude. 

(b) Considering the location and its nature, it is 
highly probable that most of the blasts re­
lease inherent strain in the rock and so 
generate both high and low frequencies. 

Hodgson arri ved in Kirkland Lake on t~arch 15. It was 
decided to remove the mine seismograph to the surface for 
the following test. It was to be set up, side-..by-side with 
the surface seismograph and operated first without the fil­
ter. Tests were to be made, setting the gain so that both 
instruments would record with about the same amplitude. The 
records would thus show bath blasts and bursts. Then the 
filter was to be installed on the mine seismograph and the 
gain stepped up the amount lmown to be necessary to care for 
the reduction in amplification ·due to the filter. The re­
cords should then differ if the filter were effective in 
eliminating blasts in unstrained rock. As many blasts oceur 
in the upper levels and so probably do not releaso strain, 
it was confidently expected that the records from the two 
seismographs would differentiate botween bursts (or blasts 
releasing strain) and blasts not associated with strain. 

It was found difficult to get the two instruménts to 
record the samo with the filter removed. Finally, tests 
were run on the two geophonos to see if they were comparable 
as pick-ups. They were not. Investigation disclosed a 
friction in the surface geophone. When this was eliminated, 
the two geophones gave practically the same rcsults under 
varying tests. 

During the intervals during which trial runs were being 
made, tho Leet seismograms were sorted and indexed, those 
showing no records being discarded .. There were hundreds of 
feet of these obtained at the Lake Shore and Frood experi­
ments . Sorne recording was done by simply sitting beside the 
equipment set up in the mine and turning the crank , winding 
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out many feet of photographie paper in the ~ope of recording 
a nearby strain burst ·when no blasting was in progress. 
Several bursts were so recorded but, of course, the bulk 
of the seismograms so run had to be discarded. 

The time-marking device of the surface seismograph con­
sisted, up to this time, of a shunt which sent a small cur­
rent through the recording galvanometer for two seconds at 
the end of each minute, A semaphore arm for eclipsing the 
light for the timing interval had been constructed in the 
machine shop at Ottawa and taken to Kirkland Lake by Hodgson. 
This was installed in such a way that its eclipsing edge 
now divides the recording spot at its zero position as did 
the opaque screen on the cylindrical lens as described on 
page 7 of Report No. 3. The screen on the lens v,as · removed. 
The zero position of the spot was set well to the left of 
the cylindrical lens as viewed from the front of the record­
ing box. The offsets were thus all to the right (downward 
on the sheet) but could use the full width of the lens in­
stead of only half as before. The time impulse shifts the 
semaphore to the left, making a mark upwards. The time marks 
are thus on the opposite side of the record line from the 
recorded burst and blast offsets. A full-size section of a 
typical record appears as Fig. 15, 

The changes in the optical system required many adjust­
ments to the surface seismograph équipment. The comparisons 
between mine seismograph and surface seismograph were, prac­
tically, not yet begun when on March 23 Mr. V. S. Hollins­
worth arrived from Ottawa with his microgauge and equipment. 
The comparison experiments were postponed indefiniteiy while 
part of the mine seismograph equipment was taken over for 
use in the microgauge experiments. 

Hollinsworth had been experimenting during the late 
sunnner of 1940 with an electric gauge for rapid testing of 
machined parts, The device is very sensitive, showing a 
deflection of about a quarter of an inch on the meter for a 
movement of 10~5 inqhes at the gauge, It was suggested 
(see Appendix I) that such a gauge might yield valuable in­
formation if designed to be placed deep in a diamond drill 
hole run into a pillar to reach the pres&ure zone of a dome. 

The gauge, redesigned by Hollinsworth with this object 
in view, was the subject of experiments by him at Ottawa 
from early November to the middle of March. At Ottawa the 
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power source is 60 cycles and the voltage fluctuations, 
while present to some extent, are not severe. The gauge 
was made quite stable for experiments at Ottawa, 

It was known that the power source at Lake Shore was 
25 cycles and that the voltaee fluctuations were severe. 
The efficiency of the device for clamping the gauge at any 
desired depth in the hole was suspect, Moreover, there was 
no certainty that the bore hole, only 1,5 inches in diameter, 
would be deformed appreciably by pressure. For these rea­
sons it was felt that experiments should be carried out at 
the mine .. 

The equipment was set up in the laboratory at Lake 
Shore on March 24. A description of the gauge is given in 
Section 8 of this report. A block of rock was secured, 
about as large as a football, having a standard diamond 
drill hale bored in it (see Fig. 22). It was found that, by 
pressure on the rock "Ni th the hand alone, one could deform 
the bore hole sufficiently to cause a marked deflection on 
the meter. Pressure in the direction of the line of contacts 
of the gauge indicated a shortening of that axis of the hole; 
pressure at right angles showed the same axis to lengthen. 
There was no longer any doubt that the bore hole would be 
deformed by comparatively slight changes in pressure. 

Tho change to 25 cycles nocessitated changes in the 
equipment. Experimonts were run in the laboratory for 
several days, 'While these were in progress Gibbs arranged 
equipment, utilizing the ~storline-Angus meter of the mine 
seismograph, for recording the meter readings continuously. 
A special, horizontal, diamond drill hole 20 feet deep was 
made in the rock at the obsorving station in the rear of the 
safety shelter on the 4200 9 -level. The device was taken into 
the mine on March 27. No difficulty whatever was experienced 
in clamping the gauge at any d0sired depth in the hole. The 
second of the three uncertaintios was thus removed, but the 
third, voltage fluctuation, was found to be extraordinarily 
severe. 

A long , special supply line was run to the station in 
an effort to avoid the circuits most affected, but the trouble 
was still much too great to permit the op eration of the gauge . 
After mor e than a week of experimcnt, it was decided that a 
commercial voltage regulator would be required , Enquiry 
showed t hat t his ~ould cost about $200. and could not be 
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promised for less than five weeks arter order. For the 
gauge to operate continuously an extra Esterline-Angus re­
corder was also needed or the mine seismograph routine 
would be interrupted. This would cost upwards of $300. 
and would require several weeks for delivery. 

An interview was arranged with Mr. Blomfield who at 
once authorized the purchase of the required equipment. It 
was arranged that the gauge should romain at Lake Shore and 
that Gibbs should experimént with it in the laboratory with 
a view to achieving the necessary constant power supply and 
to ironing out other difficulties connectod with continued 
registration. A second gauge wa.s to be made at ·Ottawa to 
be used by t!r. Hollinsworth for obtaining pressure-strain 
curves of large samples of rock, bored at the mine and sup­
plied for thoso experiments. The blocks, aftor being sawn 
into regular form and lappcd will be subjectod to pressuTes 
applied by a hydraulic press, Thcse will be carried up to 
the p~int of failure of the specimens. 

Hollinsworth returned to Ottawa on April .5, Hodgson re­
maining until April 9 for the purpose of completing the di­
gest of the L0et records. Three specimon rocks, two of 
syenite and one of po:rphyry were rcccived at Ottawa a.bout 
the date cf closing of this report. They will be sawn and 
lapped at the Bureau of Gcology and Topography and tested at 
the Bureau of Mines. The skillcd coopcration of these or­
ganizations makes possible sdfue inter0sting experimonts which 
could not otherwise be attempted. 

As soon as the equipmeht is ready for further experiments 
underground, the work will be resumed at Lake Shoro Mines. 
It is believed that this mèthod promises interesting data of 
a very local character~ It is evidently most desirable to 
measure strictly local conditions. Stops aro also being taken 
toward developing equipment for dctecting and recording super­
sonic vibr&tions in pillars. This mcthod, too, is considered 
most promising and should , if s uccessful) yield data which 
will also be of a local character, Delays in obt aining parts 
has prevented progress in this line or cxperimont to date. 

The hydr aulic strain gauge, described on page 11 of 
Report No~ 3 (See also Fig . 16 of that report) , was installed 
in Section 8 of 3oor1 drift on Sep tember 1, 1940 . Deep 
holes were drilled on opppsite sides of the drift i nto which 
thrust rods wer e set wi th the gauge held between them . Thus 
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the convergence of the walls, behind the loose, was made the 
subject of record. 

Daily readings ob~ained from this gauge are shown in 
Fig. 24. It may be noted that, after a period of about two 
weeks during which, it may be presumed, the lost motion in 
the connections was being taken up by convergence, the graph 
drops dovm from the broken line drawn at an angle of approxi­
mately 38° with the axis of abscissae and rises again to 
meet that line at the time of the large burst on January 19, 
1941. This burst was close to the gauge, affecting among 
other places the adjacent Section 7 of 3001W drift. It may 
be argued with some reason that the broken line represents 
the average rate of convergence of the stope and that, when 
the actual convergence rate is less. strain is building up 
leading toward another burst in the vicinity . Some other 
bursts more distant from the gauge but still in the same 
general area are shown to have little or no effect on the 
displacement of the graph from the average line. 

The graph falls again after the January burst to the 
last reading on April 7. On April 8 a large burst occurred 
which involved Section 8 of 30011J drift. The gauge, at the 
time of writing, has not yet been dug out from the fallen 
rock. When the mucking operations uncover the location it 
is expected that the gauge will be found to have been wrecked. 

II, Description of the Leet Equipment. 

The Leet seismograph was designed for refraction pro­
specting at comparatively shallow depths. The following 
description is based on data furnished by Mr. Gibbs who 
had much to do with designing and building the equipment 
and who has operated it for many investigations while work­
ing with Dr. Leet_ 

The geophones, of the reluotance type, were made by 
the Seismograph Service Corporation (SSC) of Tulsa, Okla­
homa. They are illustrated in Figs. 2, 3, and 4. Two 
heavy, U-shaped, permanent m.agnets are rigidiy fa$tened 
together by a brass yoke a$ shown in Fig. 2, The poles of 
the magnets are separated a little more than the ~hickness 
of the iron bar through the coil. This bar and coil are 
rigidly connected to the frame of the geophone. The magnets 
actas the inertia mass. They are held above ~nd below by 
pairs of springs. Various matched sets of spri~gs can be 



Fig. 2 

SSC Geophone 
(back) 

Fig. 1 

Leet Camera and Amplifier 

Fig. 3 

SSC Geo:phone 
Spring Support and Case Fig, 4 

SSC Geophone 
(front) 
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used giving, within limits, the dosirod frequency and sensi­
tivity . Damping is attainod by partly filling the enclosing 
cylinder with machine oil (see Fig. 3). The long, coil 
spring shown in Fig. 2 permits adjustment to centre of the 
field by overcoming the gravity component . The terminals 
of the coils are led up to two of the six connecting prongs 
in the plug. Four goophones arc provided. 

Tho connocting cable carries six wires. One of these 
is used in common by all four goophoncs. The latter are 
oporated botwoen tho common wire and one of the remaining 
five. Tho six-prong, cable connectors arc coded in such a 
way that, no matter whore tho geophonc may be inserted into 
the cable, at any ono of a sories of input sockets, it will 
always be connectod ta its own proper wire and the common 
one. The extra circuit provided by the cablo is used for a 
telephone connoction. 

Tho four goophono circuits are sevorally connocted ta 
four moving-coil galvanomotors in the camera {Fig. 1, left), 
through four separate impodanco-couplcd amplificrs {Fig. 1, 
right). Tho amplifiors arc grouped to tho right of thoir 
carrying box. To the loft of this samo box is the control 
panel, containing tho mastor switch and the tolephone cir­
cuits. When usod, tho blasting signal is also brought in 
through this panel and haro its amplitude is rogulated. The 
small mctcr on the panel indicatos the tolophone current. 
It shows when the tolephono is oporating and serves as a 
good indication of the causa of any trouble which may arise 
on this lino. 

The light sources in the camera aro two in number, one 
for recording by moans of tho galvanometer mirrors and one 
for registoring timing lines on the record. The former 
source is concoalod behind tho centre panel of the camera 
box. The latter appoars in the lowcr right hand corner or 
the box. 

The bcam of recording light is projected to the right 
and is reflected by the mirrors of the galvanometers, lo­
cated in the upper right hand corner of the box. The borun is 
rcflected to the loft and a littlo below . !t passes through 
a horizontal cylindrical lcns and is focussod on a continu­
ous strip of sensitive Haloid papor, 35 mm. wide, provided 
with marginal drive holos similar to movie film. The paper 
is fed from a largo roll in the dark box in the uppor left 
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hand corner of tho oamora and passas ovor a sprocket-0dg0d 
cylinder whoso axis is parallol to the axis of the cylindri­
cal lens, both being porpcndicular to the plane of the photo­
graph. This recording strip is run through by crank winding, 
the spoed bcing judgod by the operator. · 

The records arc timcd by an oloctrically-drivcn tuning 
fork shown in the centre of tho right hand side of the 
camera box. Eclipsing slits on the vibrating tinc of the 
fork instantaneously flood the cylindrical lens with light 
a hundred timcs a second, each time imprcssing a fine ·line 
across the papor record. Samplcs of short sections of those 
records are shown, full sizc, in Figs. 12 and 13. Only 
three goophone circuits woro commonly uscd in the experi­
mcnts at Lake Shore and at Frood . In some cases, only one 
was in operation. For soma of the records a Brush micro­
phone pick-up was usod in place of tho corrcsponding SSC 
geophone and, on soma, ono of the circuits was connected 
to the spare Heiland geophone. These extra pick-ups wero 
used to caver more 0fficiontly tho frequency ranges likely 
to be encountered in thcso spocial exporimcnts. 

III. Initial Experimcnts at Lake Shore Mines with Loet Eguip-

~' 
After two days of assembling and testing in the labora­

tory, the seismograph was taken underground and moved on a 
small mine car to a position on the 3075'-level (see Fig. 5). 
It was operated a little north of the Lake Shore boundary 
as shown on the plan . Three of the galvanometer tracks were 
used for pick-ups: an SSC geophone, the spare Heiland geo­
phone, and the Brush crystal detector described in Report 
No. 2 (appendix Fig. 1). The natural frequency of the SSC 
geophone as measured in the ·1aboratory was 38 cycles per 
sec. That of the Heiland geophone vre.s about 20 cycles per 
sec. The crystal pick-up was rated as being sensitive from 
1 to 5,000 cycles per sec. 

The spare geophone line was used for signalling through 
small currents sent through its galvanometer. A telegraph 
key was used b? one observer to note by deflections of the 
signal record line t he occurrence of certain observed noises, 
regarding which notes were made · by another . It was found 
difficult to make the closing of the key suffici ently short 
to give a definitive signal. After the first f ew experiment 
periods, the method was abandoned. 
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The experiments were carriod out during blasting time. 
In a few cases onlY,tho air wave penetrated to the observa­
tion point and registered, ospecially on the line from the 
crystal pick-up. Tho frcquency of such waves was very low, 
about 20 cycles por sec. (see Fig. 12e) and the ampli t ude 
high, 

It was found that all the blasts registered with fre­
quencies of from 40 to 60 cycles per second but that in 
some cases other frequencics of from 200 to 400 cycles per 
second were registered . Theso higher frequencies occurred , 
sometimes, right at the beginning of the shorter frequency 
series; somotimes, from .08 to . 11 sec. bofore and also 
right at the boginning. In a few cases, a high frequoncy 
registration occurrod when there was no blasting and, in 
others, the frequency charactoristic of blasting had no high 
frequency imposed on its initial swings. It was observed, 
too, that the low frequency usually docreased slightly after 
the first few swings, 

Samples of records made in Lake Shore Mines during 
this period are given in Figs. 12a, 12c, 12d, 12e. The 
description of each appears on the page facing Fig. 12. The 
observations were discontinuod at Lake Shore Minos after 
about a weekt the cquipmont being takcn to Sudbury by Mr. 
Gibbs for use in the Frood Mino of the International Nickel 
Co. 

IV. E?cperiments at ,Froqd ~Eine wi th Lect, Eguipment. 

The expcriments at the Frood Mine pegan on 0ctober 9 
and continued until 0ctober 24. The first set up was made 
in a special observing room on the 2800'~level which had 
been converted from a powder magazine to a seismograph sta­
tion. This room is adjacent to a travolled cross eut. Thero 
was considerablc disturbanco due to passing trains and elec­
tric locomotives . Stray electric cur rent s affected the 
galvanometor circuits and acid~chatged water tondcd to short 
the cable. 

Small strain bursts are relativcly frequon t in the 
Frood Mine. It was oxp ect ed that good records would be ob­
tained of burst, vibration froquency . The disturbanc es 
were so g r eat however that daytime observing was abandoned. 
Conditions at night v1er o much bet t er and some good records 
were obtained at this first location . 
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It was decided to attompt some velocity mcasurements 
whilc the oquipment was in a section of the mine bcst suitod 
to such investigations. Blasts could be set off about 2,000 
ft. distant and the dovolopmont drifts providcd a convenient 
path for the connecting cables. 

Experience showod that the equipment could not be used 
for this work without considerable modification. This was 
out of the question since the instruments were on lease. 
Tho only velocity value obtained was 12,120 ft/sec. This 
is of the order one would oxpect but the doubtful valuosof 
the basic data ronder it quito unccrtain. The velocity de­
terminations were made difficult by elcctrical interference 
on the connocting cablos and by the difficulty experionced 
in gotting sufficiont onergy from the blasts without throwing 
down a prohibitive amount of muck. Ono blast of three sticks 
at 2,000 ft. brought down about ton tons of muck into the 
drift and failed to rogistor on the goophones. 

Attempts to continue velocity experiments were finally 
halted when the acid-chargod water in the drift attacked the 
cables and necessitatod a complote ovorhaul of the equipment. 
It was decided to move ta the 2000'-levol where a sot-up was 
made botween manways 27.25 and 27.75 in a narrow travel-way 
about 30 ft. above t~o drift. Tho goophones were placed on 
solid rock and sot with plaster of paris. 

Interferenco hcro was much less. Thero were consider­
ably more small strain bursts in the immediate vicinity. A 
large number of good records of both blasts and bursts was 
obtained. Tho average low frequency obtained from all the 
Frood blast records was 60~ The average for the high fre­
quoncy was 272. The avorago for the frequency of vibration 
of small, known, isolatod strein bursts was 223. 

Samples of records made at the Frood Mine are shovm 
in Fig. 12b, 12f, and Figs. 13a, 13b, l3c, 13d. Further 
dotails regarding thoso records are given on the page facing 
the group illustrations. 

V. Testing Experimcnts with Lect Eguipment. 

The very definite recording of two groups of frequencies 
raised the question of whether the higher values might not 
be due to some resonance characteristic o~ the equipment. 
The arguments against such a conclusion were several: (a) 
pick-ups of different natural frequencies recorded the rapid 



Fig. 6 
Set-up in 2920W 

Fig. 8 
Shaking Table ~ransfer 

Mechani~m 

Fig. 10 
Rotating Mirror 

Fig. 7 
Set-up on Mine Car 

3052x 

Fig, 9 
Air Turbine 

Fig. 11 
General View of Testing 

Equipment 
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movements at essentially the same frequency (but different 
amplitudes); (b) at times the high frequencies occurred when 
no blasting was recorded and at others blasting frequencies 
registered alone; (c) the character of the records, made 
with the same equipment but in different mines, differed 
somewhat in the frequency values and also in the relative 
positions of the two frequencies. To satisfy some lingertng 
doubts, Mr. Gibbs, on arriving again in Kirkland Lake after 
October 25,decided to impress various known frequencies on 
the equipment and record the movements in the usual way. 

The arrangements in the laboratory are shown in Figs. 
8, 9, 10, 11. The pick-up geophone was placed on the shak­
ing table shown at top centre of Fig. 11. This consisted 
of a heavy sheet metal plate resting on four cushions of 
sponge rubber and supported on heavy brackets on a solid 
cernent wall. For some of the expe~iments the table and its 
pick-up were shaken by means of a second geophone excited 
by a small current of known frequency, supplied from the 
beat-frequency oscillator shovm at right centre in Fig. 11. 
The driving geopnone was placed on th0 floor and its dis­
turbance communicat0d to the shaking table by means of the 
vertical rod. 

At bench level the rod was connected to a lever by 
means of which a beam of light was focussed on an hexagonal 
revolving mirror shovm in Fig . 10. The optical magnificat ion 
employed was about 2,000. By this means the form of the 
motion imparted to the table was made visible. The frequency 
was lmown from the i nput frequency, given by the dial on 
the oscillator. 

The system worked well up to 100 c.p . s. when the masses 
involved proved toc great. For higher frequencies the 
small air turbine (see Fig . 9) from an automobile wind­
shield fan was used as motive power. The blades were re­
moved and a slightly-eccentric fly-wheel substituted. The 
speed of the turbine , and hcnce the frequency of the motion 
imparted to the shaking table, was measured by matching 
the note of t he 20-blade turbine in operation with t he beat­
frequency oscillator note and dividing the dial-indicated 
frequency by 20. For fr equencies ovor 100 c. p .s., the ro­
tating mirror method of viewing the table motion became in­
operative. 

A large number of observations wero made at frequenci es 



Fig~ 12 • 

Fig. 12b. 

Fig. 12c. 

Fig. 12d. 

Fig- 12e. 

Fig. 12f. 

Record No, 47 (LS)~ 

Sm~ll bu~st with no blast frequency 
Sorne interference from 50-cyole 

tuning fork used for timing. 

Record No. 82 (F). 

Burst superpoeed on blast. 

Re·cord No, 21 (LS). 

High frequency .10 sec. before 
blast frequency a~d also at 
the beginning of blas-'c. 

Reoo~d No. 42 (LS)~ 

Same as Fig:. 120 , e~oept tha t 
the lag of blast frequency 
is only • 08 sec. 

Reeord No. 38 (~S). 

Air wave from ea:rlier blast , 
with high frequency preoed~ 
ing a blast by 10 sec, 

Re cor d N Q • 7 5 ( F) • 

Blast, sh.oWing high freql).eney 
quite missingo . 

Note lag of successive records 
due to sincing of :pick-ups. 





Fig. 13u. 

Fig. l.3b. 

Fig. 13c. 

Fig. 13d, 

Fig. l}e. 

Reèord No. 94 (F). 

Showing affects due to tramming. 

Record No. 111 (F). 

Showing effects due to crusher. 

Record No. 87 (F) 

Showing effect of pulling chutes. 

Reoord No. 86 (r) 

Showing affect of drill in nearby 
stope. 

Record No. 140 (LS) 

Recor êL made by impressing distu:r­
bance on geGphone of 2 o~p.s. 

Record No. 146 (LS) 

Record made by impressing distur~ 
banco on geophone of 54 o~p~s~ 
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up to about 2~0 c.p.s., and, in no case, w~s the recording 
other than that observed by the rotating mirror. The re­
corded frequencies matched the input frequencies, as given 
by the beat-froquency oscillator, directly, or indirectly 
in the case of the turbine. 

Two examples of the records are given in Figs. 13e, 
13f. The first of these shows input at 2 c.p.s. and the 
second 54 c.p.s. The first was chosen for the report since 
it is in the nature of a series of sharp impulses and the 
second because it so closely approximates to the average 
blast frequency. 

The entire program of checking the output of the Leet 
equipmont was initiated, planned, and executed by Mr. Gibbs 
at the Lake Shore laboratory. 

VI. Final Experiments at Lake Shore Mines with Leet Eguipment. 

Tho rinal oxporimonts at Lake Shore Mines were of four 
types: 

{a) Records made during blasting time. 
(b) Velocity records. 
(c) Records of typical disturbances. 
(d) Records made in off-shift periods. 

The first-type records were made on the 2975'-level, 
in a specially-prepared shelter in 2920W (sce Fig. 6), and 
also in the long cross-eut, 3052W, where the e~uipment was 
simply wheeled into place on a small mine car {see Fig. ?). 
The results agre ed entirely with those reported .in Section 
III above. 

Attempts at velocity records were made on the 1000 9
-

level and also on t he 4000v-level. The same difficulties 
were encountered as at Frood. Tho trouble with moisture 
was especially pronounc ed. No records of any value were 
obtained. 

Records were made of ty:pical mine noises, due to 
tramming , drilling, chute-pulling, etc. These were s i mi­
lar to those obtained at the Frood i.!ine as shown in Figs. 
13a~ 13b, 13c, 13d . In no . case were mine nois es offre­
quency higher than that of blasting exc ept tho s e cau s ed by 
the drill {see Fig. 13d). ttere the frequency is of t he 
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order of 250 c.p.s. Drilling does not register, either on 
the Leet equipment or the mine seismograph, unless it is 
taking place very near the instruments,- usually in the ad­
jacent stope. 

Making records in off-shift periods is a little like 
trying to take a moving picture of a street accident by re­
peatedly taking short shots of a busy corner The operator 
entered the mine soon after blasting time when small strain 
bursts are most oommon. He ran sections of record paper at 
intervals. Notes V\rere made for each section as to what 
noises were heard and at about what part of the record. 
Several small strain bursts were registered in this way and 
one rather severe one at a little distance. The frequencies 
obtained for these were always high. The method was adopted 
as an off-chance means of obtaining usoful data and using 
up tho remainder of the photographie paper before the lease 
period expired. It entailod a ' great deal of work in develop­
ing the many foet of paper, scanning it in connection with 
the notes, and picking out the fow useful sections. 

The equipment was shipped back to Harvard on 0otober 

VII. Filter Destsnod for Mine Seismograph. 

Accepting the doduction from the experiments outlined 
above, that there is a wide difference in the trequency 
range of blasts and that of bursts, it became desirable to 
secure a filter for use with the mine seismograph, which 
would reject pure blast frequency and accept that of burst~, 
eithcr alone or roleased by blasting. 

The design and construction of these filters was 
referrcd to General Radio Corporation of Cambridge, Mass. 
Because of the pressure of def:ense work, they were unable 
to supply the filtcrs without very considerable delay. How­
evor, they kindly furnishod the specifications for their 
cor struction . Tho filters were made, with little delay, by 
the Hammond Manufacturing Co. of Guelph, Ont. 

On being tested they were found to require some modi­
fication of their terminal impedanccs. When these were 
corrected they gave a very satisfactory eut off to a little 
below 200 c.p . s., as shown b3r the graph E of App endix II. 
They are also shown in somewhat .~reater detail in Fi g . 14. 
This di agram was made and copied: for this report by Mr . O. 
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E. Andrew of the staff of Lake Shore Mines. 

The mine seismograph has becn operatcd, since about 
February 25, with this filter in circuit. It has been 
tested at various positions in the mine and has been found 
to reduce the numbcr of registrations of blasts but at some 
locations it passes so many that it is difficult to believe 
that such a large percontage of blasts can be couplcd with 
induced bursts,. 

Experiments, carriod somewhat bcyond the ti,me :range of 
this report (April 15, 1941), have finally shown that, if 
the soismograph, with its filtor, is located in the 3052 ' 
X-eut, it records all the known strain bursts very definite­
ly and records only about 5 por cent of the blasting when 
set at 2.5 decibcls attenuation. 

The rocord from the mino soismograph under these cir­
cumstances shows all bursts of any importance and so few 
blasts that it is safo to conclude that these registered 
blasts are accompanied by a reloase of strain. The location 
at the extreme end of the 3052 X-eut (see Fig. 5) results 
in all blasts being vmll removed from the vicini ty of the 
instrument. It is believod that its record under these con­
ditions may be taken as a mcasure of the release of strain 
in the mine. Furthor dotails of this work will be given in 
Report No . 7. 

VIII. Description of the Microgauge*. 

This instrument is an electrical measuring device of 
compact form, dosigned for installation at any depth in a 
1.5 inch diamond drill holc, for the purposo of measuring 
changes in diameter of the hole duo to changes in pressure 
on the surrounding rock. It consists of a pair of coils 
wound on soft iron cores which are secured in a rectangular 
iron frame which forms the body of the gauge (sec Fig. 20). 
A thin, rectangular, iron diaphragm is irtsertcd in slots 
in the frame to take up a position betwoen the poles. It 
is thus slightly bent, so that pressure on the frame causes 
the diaphragm tà loavc one pole and approach the other. 

* The text of this section has been furnished by Mr. 
V. E. Hollinsworth, who designed the microgauge. 



Fig. 16 
Records on Microgauge of 

Yveights of 1.50 lbs. and 
100 lbs. on the Rock 

of Figure 22 below 

Fig. 18 
Balancing 

Inductç1noes 

Fig. 21 
Amplifier Unit 

Fig.. 19 
Microgauge 

and 
Connecting 

Cable 

Fig., 22 
Calcite 
Testing 

Rock 

Fig, 17 
Tuning Fork for Generating 
Al ternating Current for 

Bridge Circuit 
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ThG coils arc usod as two arms, A and B, of a standard 
Wheatstone bride;c circuit which al:'e balanced against two 
othor arms, C and D, of a resistivo or inductive type in the 
customary way. In the exporimental work at Lake Shore Mines 
during tlarch and April, 1941, arms C and D were variable in­
ductances, i.e., coils in which the iron cores could be ad­
justod in or out, and wero convcniently mounted in a cylin­
dri cal con tain or as shmivn in Fig.. 18 . 

The contre of the bridge, instoa~ of going to tho usual 
galvanometer indicating device, is applicd to the input of a 
two-tube amplifier of conventional design, as shown below. 
Tho output of tho amplifier is put through a small, dry-dise 

R X M 

Wiring Diagram of },Ucrogauge 

rectifier, convorting thG 60-cyclo current, supplied to the 
bridge, to direct current, which operates a D.C. milliam­
meter of eithcr visible or rocording type. 

With the bridge adjusted for balance by means of the 
variable arms, no voltage is applied to the input of the· 
amplifier, honco no indication is shown on the output meter 
or recorder. Howovor, the balanced condition may be upset 
by applying prossuro to tho gaugo frame, so that the dia­
phragm is moved toward one pole and away from tho other, as 
proviously montionod. This causes a variation in the in­
ductances of the two coils due to the change in longth of 
the air gaps, allowing more magnotic flux to flow through 
one coil and loss through the other. 

If, in the original assom.bly of the gauge, the polos 
on which the coils arc wound, arc adjustod very closel:v to 
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the diaÎhragm so that the air gaps are of the order of 
3 x 10- inches, or smaller, than a slight change in the 
position of the diaphragm appreciably changes the size of 
the air gaps and hence the values of the inductances depend­
ing on these air gaps for completion of their magnetic cir­
cuits. The sole purpose of the amplifier is to magnify 
these small changes to readable values. 

To render the gauge of practical use under mine con­
ditions, it was round necessary to enclose it in a moisture­
tight tube, as. shown in Fig. 19. This prevents rusting and 
guards against the destructive effects on the coils of ex­
cessive humidity, Means had also to be provided for clamp­
ing the gauge firmly at any desired depth in the drill hole 
in such a manner that there could be no lost motion between 
rock and gauge. 

A jacking device was designed, therefore, consisting 
of a nut soldered to the top of the gauge frame directly 

above the diaphragm, into which is threaded a stainless 
steel stud which may be adjusted from a distance by means 
of a fish line wound around a small pulley secured to the 
top of the stud (see Fig. 20). Slipping of the line on the 
pulley is avoided by inserting the end through a hole in 
the pulley, knotting and winding five turns of the line in 
the pulley groove. Two such cords are wound on the pulley 
in opposite directions. 

Flat phosphor bronze springs are attached to each end 
of the tube, providing a friction fit with the drill hole. 
This steadies the gauge while it is being clamped, and also 
prevents disturbance of this adjustment by accidental motion 
of the rubber covered cable leading from the gauge to the 
bridge and amplifier. The cable is standard microphone 
type, shielded to prevent stray pickflup. 

The gauge is pushed into the drill hole by means of 
six-foot lengths of quarter-inch iron rod coupled together. 
These are removed after the gauge is oriented and clamped. 
No difficulty was 0xperienced at the mine in inserting the 
gauge in a drill hole to a depth of 14 feet, that being the 
length of the push rods on hand. 

The operation of the bridge is dependent on a stable 
supply of alternating current of a freqUency between 50 and 
100 cycles. tn the laboratory the 60-cycle supply is very 
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satisfactory, but in the mine where only 25-cycle current is 
available another source had to be provided. For this pur­
pose an electrically drivon 50-cycle tuning fork was used in 
conjunction with a two-tube, fork amplifier which maintained 
the oscillation of the fork and provided the required stable 
voltage and current for the bridge. To prevent troublesom~ 
beats between tho fork and the first harmonie of the 25-cycle 
supply, the frequency of the fork was later altercd to 621/2 
cycles by mcans of clamps. 

To check the stability of the bridge circuit and ampli­
fier, a dumrny gauge was constructed vory similar in design 
to the working gauge, oxcept for a rigid iron section in­
stead of a moveable vane. This could be substituted for the 
working gauge by means of a convenient switch and, as it was 
under no strain, the output moter should givo a constant 
reading. 
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An examination of the gauge circuit, given at the be­
ginning of this s ection , shows a bias battery in series with 
the output meter. This is not essential to the operation 
of tho circuit but a considorablo increaso in sensitivity 
is obtaincd by its use. This gain is dorived by purposely 
unbalancing the bridge, by mcans of the variable arms, and 
then bucking the output current, caused by the unbalance, 
with the bias battery, until the output metor cornes to zero. 
This procoduro pcrmits the oporation of the circuit at a 
more favourable position on the bridge balance curve, i.e., 
from a point part way up the side of the curve where the 
slope is steep rathor than at the bottom where the slope is 
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gradual, This also givos practically a lincar output. A 
curve of output vs. deviation from balance, or ratio of 
variable arms, C and D, is shovm above and the operating 
point is indicated. It will be notod that this curve is 
not symmotrical. Tho lack of synnnetry is duo to distortion 
from sine form of tho current wave as it passes through the­
inductances of the gauge to the input of the amplifier. Ad­
ditional distortion is ondountorcd if the wavo form supplicd 
to tho bridge by the tuning fork or the 60 cycle lino is not 
sinusoidal. This is ospccially true whero a regulating 
transformer is usod to prcvont variation in voltage. 

Two types of output motors have bcen used with the 
microgauge. For the laboratory work, a large Weston meter 
having a 3 milliamporo movemont and a 7 in. scale was found 
very satisfactory. At tho mine, an Esterlino-Angus record­
ing milliammetor with a 5 milliamporo movemcnt was oporated 
continuously for the duration of the oxporiments. 

Lack of stability in long period operation has so far . 
beon the chicf obstacle in the way of succossful operation 
of the gauge. In the laboratory, changes of temperature 
have caused the output to vary and in the mine the variation 
was due to large changes in the A. C. supply, It is cx­
pected that both of thoso difficultios will be overcome; 
the first will not be sorious in the mine bocause the 
tempcrature is rolatively constant and the second will be 
eliminated by the uso of a Raytheon voltage stabilizing 
transformer which has rocontly been purchased for this work. 

IX. Record of Hydraulic Strain Gauge. 

The hydraulic strain gaugo, designed and constructed . 
at Lake Shore Mines by mombers of the mine staff, was 
doscribed in Report No . 3 (s ee Fig. 16 of that report). 
It was installed early in September, 1940, in 3001W drift, 
Section 8. This was knm"m to be a particularly unstable ' 
part of th0 workings. 

The gauge consisted of a heavy, brass cylinder with an 
internal diameter of about one inch. This is closed atone 
end by a piston working through a packed slceve, The other 
end opened into a glass tube at right angles to the brass 
cylinder. The ratio of arcas of intornal cross sections of 
the tube was found to be 12:1. The liquid used was a coloured 
light oil. 
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Two holcs wcro drillod opposite to oach other in the 
opposing walls of tho drift, to a dcpth of about six feet,­
wcll within the spallod surfaco. Into thesc were thrust two 
iron rods which transmittod the pressure of the convèrging 
walls to the cylindor and piston rospectivoly. 

Daily roadings of the gaugo wero takon. A graph show­
ing thesc is givan as Fig. 24. This was drawn by Mr. Frank 
11cskott of the Observatory staff from a copy of the original 
plot furnfshod by tho mine officials. The various numbcrs 
writton abovo the graph indicato the bursts which occurrcd 
noar the location of tho strain gaugo. The location of 
theso, in the order in which thoJr occurrèd i$ given bolow. 
The lottcr C aftor a numbor indicatos a "crush" burst. The 
lettor S indicates a "strain burstn. Tho timo of oach is 
roughly indicatod by the position on tho timo scalo of the 
graph, 

No~ Location Total Rock Fall Classification 

221C 
223c 
2240 

225c 
2300 

231c 

288S 
2)6C 

237c 
23Bc 

2400 

X-eut or Drift Section in tons 

3301W . 10-1 10 .. 
3oor'l 10 10 
28orY ( Damage 
2819x ( confined 
2918x ( to 
2901W {timboring 
2 90 21N • ( etc. -. 
3301w 10-1 10 
3301w 8 45 
3301W 10 
3401W . 5 . 
3413X 1 
34011~, 20 
3001Vl 10 .5 
2 90111\f 9 20 
29011'1 . 50 . 
300PV 7 10 
330111' 80 
3401W Timber 
35 01 T,\f 100 
3701W 12 
3701?! . 14 5 .. 
32021~1 25 
330l11\T 200 

Light 
Light 

Medium 
fi 

H 

If 

u 

Medium 
Light 

" 
Light 

" 
ff 

Medium 
If 

" 
Light 

Medium 
IJ 

" 
" 

Heavy 
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No. Location Total Rock Fall classification 
x..-cut or Drift Section in Tons 

240C 33011.l . 10-1 8 Hoavy . 
3401W 20 " 3401W 9 30 " 2410 3301W 40 Heavy 
3202W . 50 71 . 
33or.'! 3.5 H 

3301~'/ 7-2 30 11 

The attention of thoso not familiar with mine conditions, 
may be drmvn to the fact that some "light H bursts displacc 
more muck (brokon rock) thnn do thoso dosignated "medium". 
For oxample, 225C is markod 11medium", but displacod only 10 
tons of muck, while 237C, · a n1ight" burst,displaced 80 tons. 
That is to say, the intcnsity of the burst is not measurod 
by tho amount of rock thrown down but by general cvidence of 
Violence, including the shock noted by the mincrs under­
ground and on the surfnco. 

It may bo assumod that,aftor a pcriod during which the 
closuro was taking up lost motion in tho set · up, tho broken 
lino on tho gra:,oh shows tho avorago closuro on the gauge., 
1.·lhoro tho actue..l closuro foll awny from tho avorago i t we.s 
brought back by a largo burst (236c). The light burst of 
early Novombor (230C) was two lovols bolow the 4rift in 
whi ch the gaugo v\Tas sot . It soems to have caused a slight 
roturn to the average, Tho umediumn bursts of mid-October 
(224C, 225C) woro in tho vicinity nlso, one above and the 
other bolow tho gaugo locP.tion. They soem to have co.usod 
the graph to trend upvvard from the average slopo. On the 
othor hand the ''lightn burst of oarly Fobruary ( 237C) has 
no apparent effect. 

The graph, after late January, was below the average 
lino. On April 7, 1941, tho date of the last reading of 
the gauge, the trond was still downward from the broken 
line. On April 8 n lnrge burst occurred which involved 
Section 8 of 3001w drift, t he location of the gaugo. The 
damage done in this burst was considorable. The gauge was 
buriod in tho muck. It w2s probably wrocked. 

Whilo this sorios of observations was not long onough, 
nor repoat od in a sufficiont numbor of places to warrant 
dofinito conclusions, tho rosults soem to indicato that the 
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closuro ls variable and thnt a slowing up in closuro indi­
catos tho building up of rosistanco (nnd honco prossuro) 
which croates conditions favourablo to a burst in the 
rogion undor investigation. 

Dominion Obsorvatory, 
Ottawa, Canada, 

July 4, 1941. 

Ernest A. Hodgson. 



APPENDIX I 

Report to Lake Shore Mines dated October 3, 1940 

GEOPHYSICAL RESEA.RCH: ROCK BURST PROBLEM 
LAKE SHORE MINES 

*** 
Geophysical research on the rock burst problem at Lake 

Shore Mines was initiated on December 28, 1938. At that 
time, mine officials suspected that a small local e~rth­
quake might have been the triggering cause of an unusually 
severe burst which occurred at Lake Shore on that date. 
The Dominion Q;Jservatory, in response to inquiries from the 
mine, discovered that the burst (but no other seismic dis­
turbance) had registered in Canada on the short-period seis­
mographs at Ottawa, Shawinigan Falls, and Seven Falls (near 
Beaupré, Q,ue, ) and also at lf/eston ( near Boston, Mass.) , 

A list of the larger bursts for the preceding two years 
was prepared at the mine and ·compared at the Observatory 
with filed seismograph records. It was found that two of 
these, in addition to the one on December 28, had registered 
at the Quebec stations, which alone had short-period instru­
ments in operation during most of the interval. The mine 
decided to obtain a surface seismograph with accurate timing 
equipment (radio, chronometer, etc,) and arranged with the 
Dominion Observatory to select and install the equipment 
and to supervise its operation. 

Subsequent to December 28, 1938, and prior to December 
19, 1939, at which date the seismograph vras finally placed 
in operation at the mine, eight rock bursts occurring at 
Lake Shore Mines have registered on the seismographs at Ot­
tawa ijnd also atone or bath of the Quebec stations . Since 
the installation of the Lake Shore seismograph, no rock 
burst has occurred of sufficient intensi ty to register at 
Ottawa. If and when it does, purel y scientific but very 
valuable travel-time seismic information will be obtained. 
In the meantim0, the routine continuous operation of the 
instrument r ecords and times all bursts occurri ng in the 
mine. 

On the completion of the surfa ce s eismograph installa­
tion, the mine r equest ed the Obs er vatory to organi ze geo­
physical roc k burst research in the mine itself , To obtain 
some idea of mine condi tions and to determi ne the n~ cessary 
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specific~tions_for adequate recording apparatus, an experi­
mental mine seismograph ·was designed and buil t at the Obser­
vatory and operated in the mine during March, 1940. It was 
found that: 

(a) Bursts and blasts alike recorded and that 
other operational mine noises also ap­
peared, making the record during on-shift 
hours a maze of offsets. 

(b) Moderatel~r severe bursts, occurring in the 
mine but not in the stope or section of 
drift occupied by the seismograph, were on 
scale. 

(c) Bursts seem to be initiated by the blasts and 
to occur with them. 

To enable the necessary instruments to be built and 
tested, an electronics laboratory was designed and construc­
ted at Lake Shore W.ines. This laboratory has been fitted 
with all necessary machinery and testine equipment and per­
mits the construction and modification of instruments in 
accordance with the growth of e~perience. 

Incorporating the changes found desirable in the first 
experimental model, a new mine seismograph was designed and 
installed on June 10. This equipment makes use of the 25-
cycle power sup:ply. It was modified later, r--or use with 
batteries, and set up in a disused X-eut on the 3075 9 -level, 
where it is now in routine operation. 

Various experiments with oscillographs and other equip­
ment have been made to determine the frequency of the vibra­
tions caused by blasts and by bursts. If these differ 
markedly, filters can be constructed to prevent the regis­
tration of all disturbances other than bursts. The fre­
quency experiments failed until within the lest few weeks 
when a portable seismic outfit was ootained from Harvard. 
Tests with this equipment now in progress at Lake Shore and 
at Frood indicate that t he frequency of blasts at Lake Shore 
Mines is from 40 to 60 cycles per second. Definitely, this 
frequency varies between the limits indicated. Sufficient 
data have not so far been obtained to determine the cause 
of the variation. 
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The frequency of bursts has not yet been certainly 
determined. The present indications arc, however, that it 
is considerably higher than that of blasts. Should this 
indicated froquGncy be proved by the further experiments 
nov, in progress, i t 1Nill be a simple matter to prepare a 
filter to permit the registration of bursts alone. 

If and when such equipmcnt is in operation, it will be 
possible to obt~in completc and quantitative records of 
bursts as a matter of routine recording. Statistical stu­
dies will be made of these data as thoy accumulate, w~th a 
view to obtaining some indication from the plotted values 
as to when a burst is imminent, Such graphs, made from the 
rough data so far obtainable arc most promising for this 
purpose. 

Instruments are bcing designod, which, if the frequency 
be provod, can be installed in individual stopes ta furnish 
data for statistical studios of purely iocal activity . This 
may permit the prediction of bursts in individual pillars. 

Seismographs ta registcr nuch highcr froquencies are 
being dosigned to determine whother low amplltude, high 
frequency (and hence inaudible) vibrations occur in the rock 
as it takes on pressure, If such vibrations can be regis­
tered, statistical studies will be m~dc of them also, with 
a view to prediction of bursts. It is bclioved that thia 
phase of the research holds eonsiderable promise . 

Tlle tentative program nov1 being considered also in­
cludes studies of temperature effects and of seismic veloc­
ities as ~elated ta increasing pressure. Studies of strain 
gauges are also ta be made . One, in operation at the pre­
sent time, shows a flattening of the strain curvo prior ta 
bursts in one particular part of the mine, but further data 
will be required for generalization. It is planncd ta con­
struct and experimcnt with a micro-strain gauge installed 
so far back in a diamond drill hale as ta be in the compres­
sion zcne of a dame. Coht i nuous records from such an in~ 
strument s hould yi eld valuabl c information regarding the 
variations in pressur e as a pillar is reduced. 

Lako Shore Mines, 
Kirkland Lake, Ont., 

October 3, 1940. 
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APPENDIX II 

Excorpt from lcttcr from Zack E. Gibbs 
to Ho.mm.end i.!o.nufo.cturing Co. 

*** 

Hamm.end Manufacturlng Company, 
Wellington Street West, 
Guelph, Ontario. 

Dear Mr. Hamm.end: 

March 10th, 1941. 

Referring to your letter of February 1st regarding 
the filter unit submitted tous for test, I am glad te say 
that it is quite satisfactory. Kindly make up the othe~ 
one with the same values. 

You may be interested in the information contained 
on the enclosed graph. Starting with the figures which 
were enclosed with your letter, and which are plotted as 
curve "A" we set up our apparatus in substantially the 
same form and ran curve "Bn. Howevcr, in lieu of a vacuum 
tube voltmeter we sub~tituted a General Radio Type 58;-A 
Output Meter. This data proved so unlike that which you 
submitted that we became suspicious. Since, after all, the 
best place to test the filter is in the apparatus with which 
it is to be used, we inserted it between the plate resistor 
of a l-N-5-G and the volume control (I~C, A21-250) a 250,000 
ohm potentiometer in the grid circuit of the following tube. 
In other word~ the filter merely replaced the coupl i ng con­
denser between the two tubes. The f requency response of the 
amplifier alone is shown incurve "'C" . Inser tion of the 
filter modifies this to curve HD". However r the pronounced 
dip at 300 cycles per second • and the gradual rise which 
follows renders this curve ent i rely useless for our work , 
Finally the potontiometer was bridged with a 21,000 ohms 
resistor which, in parall el with the 250,000 ohms of the 
potentiômeter gave a good approximati on of the 20;000 ohm 
termination for which the fi l ter value$ were computed , 
The result is shown incur ve 11 E" and is satisfactory in 
every respect ,. 
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In conclusion we are led to the assumption that the 
impedance of the copper oxide meter rectifier, varying as 
it does with frequency, produced an effective termination 
for the filt0r which departed considerably from the nomi­
nal 20,000 ohms stated on the mcter, and secondly, that 
the performance of these filters depends greatly on their 
proper termination. 

. . . . . . .. . . . . . . . . . . . . . . . . . 
Yours vory truly, 

LAIC SHORE ~ .. ~INES LTD. 

Z. E. G. 






