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Abstract. 

A study of tne Rupture of RocksUnder Stress With 
1 

Special Reference to .Uine lùca.vations. 

Specimens of LaKe Shore Tuff and :forphyry, NUI:ldydroog 

Amp~ibolite, Kerr àddison Green Carbonate Breccia, and 

Mcintyre carbonated Lava nave been ruptured under compression, 

t~Sd.on, torsion a.nd d~re.ct shèar. The results were . graph-

ically plotted accordine to Mohr's stren~th theory, and the 
.. 

co~strupted angles of failure compared w;i.~ \h~. experimental 
·;. . .. . 

. •' . . ..• . ·, 

measured angles. according to Monr, tne strength of the 
. . 
rock is a function of s'liding friction, but the graphica.l . -; 

and experimental r.esult.~ indicate ratner that sliding ' 

friction and 1nterlocking govern rocK failure. AssUIIling 

this to be c~tré_ct, an~ . that · Monr 1 s failure envel ope cpn­

tinttes as a straigpt line und er conf-inement, i t ca.n be 

said that the rock with the higher angle of internal 

friction will store more energy, and will naye a greater 

,'bursting potential wnile under the same degree o! gonfin~ent J 

than rocks of lower angles of total internal friction. 

' , · ' r ) ·. ".·.·:·:\.·, 
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ld'r.rtODUCTiuN. 

Hit.n t.ne world's increasing demand for metals, man 

is forced to go deep into tne eartn for tneir recovery. 

Deep mining sets many d~fficulties in the way of the 

engineer. One of tne maJor of these difficulties is in 

oTercoming the great pressures wnicn are set up around 

mine openings. 'rhese pressures will, if sufficiently 

concentrated, cause tne sudden rupture of the enclosed 

rocks. Thi5 pnenpmenon nas been called a "rockburst 11 • 

Morrison (4j has defined tne term as follows: 

"A rockburst may be defined as tnat pnenomenon 

whicn occurs wnen a volume of rock is. strained beyond 

tne elastic limit and tne accompanying failure is of 

such a nature that accumulated energy is released 

instantaneously .'' · Tne definition tnus covers all forms 

of sudden roc~ failure from the spit~ing of a quartz 

face to a maJor collapse of a stopinç; area. ·' 

Roc~oursts are not a new phenomenon, but have been 

recorded in Europe and lndia since tne latter part of tne 

nineteent.n centur7. In 1908 considerable focus was 

brougnt on ~ne subJect in ûOutn Africa wnere a drive 

was in progress to make worK conditions safer in tne 

mines. Since tnat. date considerable worK nas been 

carried out all over tne world. 

By definition tne cause of a rockburst is the 

concentration of pressure on a mass of rocK causing it 

to fail suddenly. wnen tnis concentration does occur, 
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a rocKburst is not tne only alternative as tne mass 

may crumble slowly witnout any bursting effect and 

tne same ultimate distribution of stress be acco~plished. 

The obJect of tnis paper is, "'fo study tne rupture 

of rocks under stress witn specia.L reference to mine 

excayations.n To acnieve tnis tne approacn is tiiJofold. 

(lj To ascertain Dy experimen~ tne app.Licability of 

Monr's streng~n tneory to rocKs. \2) l'o apply the 

pt~sical a s pects revealed to tne practical opera~1on. 

Onder {1, aDove, a series of different experiments 

have been performed upon suites of sirni..Lar rocks. Fiv e 

princ1pa l rock t ypes nave be ~1 t ested i n compr ession, 

tension, torsion ar1d direct snear. In eacn experiment 

the ultimate brea~ing s tress is recorded. These ultimate 

stress es nave been plot~ed a ccording t o ~onr ' s ~heory, 

and tne resul~ine:; fai.1..ure eavelopes rl.ave been drawn. 

As a furtner aspect, tne type of brea.r.<: nas been recorded 

and ~ne ane;les produced compared w i~n tne tneoretical 

angles predicted oy tne tneory. 

Und er {2J aoove, part of tne paper is of a much 

more gen eral nature . l t i s attempt ed to coordinate 

the ph enomena produced oy e;eperiment and acq_uired f r om 

literature with tne practical field. 
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PREVIOUS ~VO.KK. 

freTious worK connected with tnis paper falls into three 

groups. 

(l) Mohr's strength Tbeory and its application. 

(2) Investigations into the physical properties of mine 

rocks. 

(3) Study into rock fractures in underground workings. 

(lJ Mohr's Strength Tneory and its Applications. 

Mohr's Strengtn Tneory is a generalization upon 

coulomb's tneory of internal friction. Coulomb's theory was 

based on tne conception of failure as a sliding along planes 

inclined to tne direction of principal stress. Monr's strength 

theory postulates tnat failure of a material depends only on 

the relatiTe Talue of the two extreme principal stresses, tne 
' 

normal stress(o-.) "·and tne shearing stress(~). As the 

lüni t,ing values of the normal and snearing stresses are inter-

dependent, the limiting value of one, above wnicn failure 

will occur, is a function of the simultaneous value of the other. 

In fig.(l/, tne Y axis in cartesian coordinates represents 

normal stresses(Oï) wnile tne ~axis representa shear stresses 

('j"). T.tle mut.ual tangent to any failure stress circle will 

make an angle + to the normal stress, this angle being tne 

angle of sliding friction. The point contact between the 

stress circle and tne tangent are tne stress conditions at 

failure. Tne equation of tne mutual tangent or envelope is: 
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The angle between the maximum principal plane and the plane 

of failure is « where 

~ = 45 + 1 ·······~······(2) 

l2) Investigations Into the PAysical Properties of Mine Roc~s. 

Considerable wor~ has been done in the past to determine 

the physical properties of rocks in general. Geopbysicists 

haTe obtained information on the pnysical properties to gain 

the elastic constants - Young's modulus, modulus of rigidity, 

and Poisson's ratio - as these qualities determine the 

propagation cnaracteristics of seismic waTes. Arcnitects 

haTe studied the structural properties of buildinb stone and 

road metal. Considerable wor~ nas been performed on mine rocks 

in connection witn primary and seconaary crushing, diamond and 

pneumatic rocK drilling, explosiTe brea~ing and fragmentation 

of rock, rate of mining and otner allied problems. Too lit~le 

work has been done iLl connection with tne behaTiour of rock 

under the pressures accumulated in miming. A few papers have 

been written attempting to connect the elastic constants for 

rocks witn rockburst potentials in the field. 

()) study into tlOC~ Fressures in Underground workings. 

Tne cause of rockbursts has been and is still strongly 

disputed. In tne world today there are two main theories;­

(a) The Doming Theory as presented by R. G. K. Morrison 

(4 & 5). 
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(b; The Elastic Hysteresis fheory by Dr. O. vveiss (7). 

Botn theories throw a lot of light upon the problem, 

Professor Morrison's Tiews on doming are evolved from the 

practical field. They take into account the signs and effects 

of rockbursts underground. Dr. weiss~i9, on the other hand, 

a geophysicist, wno nas attacked the theoretical problem from 

a matnematical standpoint. It is tne writer's opinion that 

Dr. vieiss 1 tneory does not taKe into account much that has 

been observed and recorded underground in connection witn 

bursts; also it does not seem possible to get tne large stress 

fluctuations required by nis tneory in practice. HoweTer, a 
/ 

resume of botn tneories is in order. 

(1) Doming Tneory. 

Professor Morrison's tneory can be explained bUt 

in his own words: 

" At shallow deptns hangingwall failure is usually related 

to local gravitational effects inducing tension in tne wall. 

The excaTating of a · deep opening upsets a more sensitiye condition 

of equilibrium wnicn must be re-establisned àf tne excavation 

is to remain open. In tne process tnere is an elastic expansion 

of rock towards tne free faces of tne eACaTation. With the 

resulting wedging effect compression deTelops a stress ring 

around the excaTation wnich resists further expansion, and thus 

establishes equilibrium in tne outer rock mass. Inside this 

stress ring some rupturing will haTe taKen place due to shear 

and tensile stresses, and wea.L~nesses in the rocks. HoweTer, 
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fractured or otnerwise, tne rocK inside tne stress ring, due 

to tne free faces of tne excavation, is no longer subJected 

to complete confinement. It is tnus 1n a comparatively relaxed 

condition as compared witn tne maJor compress1ve stress outside. 

Tne s~etcn Flg. 2 permits reference to a deme as tne 

1nde-r.erm1nate surface or zone sepa.ra-c.ing the fractured and 

relaxed zone from tne zone of' increased stress surrounding 

tüe excavat1on. The dome 1s tnus a simple term to descr1be 

an otnerwise complex and in practice a ra.tner indefuli te 

cond1tion. If tnis conception can oe rega.rded a.s tne Dom1ng 

Tneory tne writer finds 1t nard to refute on eitner pract1ca.l 

or tneoretical grounds." 

:Jo me 

.iré.i.cT.ur·ed .... une 

<i.el~.~.ed ~one 

....,oüe ot l.Hcreë..sed 

x 
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Generalizing on this, Morrison states, " A rocJ.<:burst is 

a possibility whenever tne variaoles associated witn the growtn 

of a dome, change to <:a degree wbere staDility demands the 

reshaping of a single dome or tne merging of two or more domes." 

(2) Elastic Hysteresis Theory. 

Dr. Weiss divides rocJ.<:bursts into two main types - strain 

bursts and crusn bursts. Tne strain bursts only affect tne 

immediate walls, wnen splinters of rocK fly fro~ the face and 

slabs suddenly fla~e off. They seem graatest where ths rock 

is silicified or f~inty in character, giving concnoidal 

fractures and no perceptible movement of tne nanging or the 

f~ot wall. The crusn bursts are due to substantial forces 

accumulated in the soltd rock due to elastic hysteresis. 

These bursts originate in tae s olid roc~ and affect both tne 

immediate and solid rock remote from excavations. 

Weiss states in regard to the nature of major crush 

bursts t.nat, 

" The source of energy is in tne solid rocK, t.ne action is 

instantaneous, tne energy is very considerable, the move-

ment being in solid rock, must be very small. All that we 

know about seis mology s uggests that it i s only tne elas tic 

hysteresis of rocks that could produce the slowly accumulating 

stresses, whicn in rocks li~e t h e quart~ites of tne Band 

could produce v ery nigh values." 



\ 

\ 

weiss compares the release of elastic hysteresis stresses 

as being similar to tne action of tectonic eartnquakes. .Just 

as buildings are affec~ed by earthquakes, mine workings, where 

the elasticity of tne rocK is low and wnere equilibrium is 

not firmly establiahed, wil~ be destroyed. 

In tne case of miner bursts, Weiss states that in indiT-

idual pillars, the stresses are accumulated inside the pillar 

by elastic hysteresis, whicn is influenced by local var~.t.tions 

in tne dis~ribution of loads. 
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Introduction. 

Four different tests were ~erformed on each rock type. 

All specimens witnin a group were selected as being as near 

uniform in character as possible and fre0 of all visible 

planes of weakness. In the tension and compression tests 

ten or more samples were taken in eacn suite, while in the 

torsion and direct shear tests, three or more were taken. 

To overcome the variables of Temperature and Solution, all 

tne specimens were kept together under tne same condition 

of temperature and numidity. 

General. 

The test procedure empl~yed in determining tne com­

presiive strengtn was adapted from the procedure recommended 

by the U. s. Bureau of Mines.(8}. The specimen aize avail­

able was tae EA core, 7/8 • diamt~er. T~sts carried out on 

different sizes of specimens by the U. s. Bureau of Mines 

snow tnat tne core size àoes not alter excessively the 

compressive strengtn; tnerefore in tnis wor~ no compensating 

factor na$ been brougnt in. The u. s. Bureau of lltiines did 

find that tne length of the specimen considerably varied the 

compressive strengtn. 'fests snowed that a specimen~·= .1) 2.'' ... ~ 

gave resulta equal to tests on a cubic specimen !" x 2" x 2", 

but r eduction in tne compressive s trengtn was found as n) n. 
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Adjustments had to be made by the formula. 

Cc= Cp 
0.778- 0.222D/h 

............. (.,) 

where Cc = Compressive strength of an equivalent cubical 

specimen 

Cp = compressiTe strength of the specimen having a 

nei~t greater than the diame~er or lateral 

dimension 

D • Diameter or lateral diameter in inO~As. 

h = neight in inches. 

Ror the sake of uniformity of tests and in consideration of 

tne aboye all specimens were made to wnere h = 2D. 

Apparatus. 

The compression macnine used was a Baldwin, Tate, Emery 

Test1ng Macnine, hydraulic type, having three load ranges -

namely, 20,000 pounds, 100,000 pounds, and 440,000 pounds. 

The accuracy within ranges wa~ good to one percent of load. 

A six inch spherieally seated compression black was used on 

·. the taole of the press and a rigid compression olock an the 

head. Two accurately surface - finished blocks whose faces 

are parallel are placed top and bottom of tne test specimen. 

Tne press is equipped wi ta a ·rate - Emery Main tain er naving 

a range of l,Ouü to ~üü,Ovu pounds per minute. 

~reparation of fe~~ Specimens. 

specimens, after beine:i eut, wer·e ground flat on a la th, 

then the ends were polished on a glass plate using aluminum 
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bOO grinding powder. This polishing was carried on until 

the specimen would lift the plate by suation. The polished 

ends were then coated with a thin coat of Aquadag and a sheet 

of .005 " lead foil was placed over the ends before testing. 

The advantages of the Aquadag coating and lead foil •are not 

proved but it was considered tnat the two would reduce hori­

zontal friction stresses beine set up at the ends. 

Test J?rocedui:e. 

care was exercised in centering tne specimens in the 

testing machine and the initial load was applied at a low 

rate to permit adjustment of the spnerical compression 

block so that wnen tne load was applied to the specimen 

the surface of tne plate paralleled tne end of tne specimen. 

The loading after tne initial low s ·t.ar.t . was k~pt constant 

at 4,000 pounds per minute per square incn. 

T~§ILE ST.i:ŒNGTli. 

General. 

Tne American Society for Tes ting Materials (Sj has no 

prescribed procedure for testing tne tensile strength of 

rocks. The lack of &uch procedure is probably due to the 

experi~antal difficulties encountered in preparing suitable 

t es t specimens , in mounting t he s pecimens in tension grips 

witnout damaging tne surface of the specimen, and in applying 

tne load parallel to the axis of tne specimen~ It should 

be pointed out t ilat if the load is not applied axiall y to the 

specimen, bending will occur wnich, in turn, will produce 
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abnormal stress concentrations. 

The u. B. Bureau of Mines did perform some tensile 

tests by setting shoulder grips on specimens with leadite, 

but this would allow stresses only up to 1200 pounds ~orbe 

&Jliallied. 

~?..I~- liëil endearoring to find some means of testine rocks in 

tension, Tarious ideas were tried. Eventually it was found 

that, by adaptation, a Fairban~s concrete testing machine 

could be used. 

The Tensile Strength of the rocK was then found by the 

formula. 

Ct = tJ x lOO 
A 

• •••••••••••••• .• ( 4) 

where Ct = tensile strengtn of the rocK tested. 

W = weignt of lead pellets, weighed on leTer arm 

in ounces. 

A • cross sectional area of specimem tested. 

Apparatus. 

The tensile macnine was a Fairbanks concrete testing 

machine. Tensile strength was exerted on the spedimens by 

means of lead snot col.Lecting in a ouc.ket which waa connected 

to tne specimen by means of a laver arm.(Pnotograpn 2;. 

Tne shot waa tnen weigned by means of tne same lever arm in 

ounces, one ounce being equal to lOü pounds tensile stress 

on the specimen.(Pnotograpn 5). Loading was Kept at as 

near a constant rate as possible. 
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Preparation of Test S~scimens. 

Specimens were of EA core, 7/8" diameter, and a.pproxï 

imately 2i n long. The center portion, one diameter in 

lengtn, was coTered with plastic~ne and placed in the mold. 

(~hotograph 4j. In ~he mold tne specimen was adJusted to 

make sure tnat it lay true to tne main axis and in the center 

of the mold. The mo+d was then filled with the cementing 

material. The cementing material was a polyester rasin set 

by Lupersol D. D. M. Catalyst (10), tne liquid was tnickened 

by short asbestos fibres. Tne whole set hard in four hours. 

This cem~t nas been found to be of sufficient strength to 

hold all roc~s tested, (maximum tested 2,370 pounds / sq. iA.) 

General. 

The test procedure employed in determining the torsional 

shear strength wa.s ada.pted from tne procedure recommended 

cy Baldwin of tne Canadian Ingersoll Rand Company and used 

by cameron (10). The specimen size available was ~' i a 

diameter, core. By tnis metnod tne samples were cemented 

1nto machined blocKs which fit into tne Jaw of tne torsion 

macnine. The torsional snear strengtn was determined by 

the formula. 

Cg • W x 174.65 ••••••••••••• (5J 
A . 

where Cg = the torsional snear strength of the rock in psi. 

w • the applied load at point of failure in pounds. 

A • the cross sectional area in square inches. 



( 17 j 

Apparatus. 

Tne torsion macnine used wa.s a manually operated 

machine made a.t McGill UniTersity, tb~ load being applied 

by means of a lever are arrangement attacned to a weighing 

pan counteracting twist imposed by a manually pperated 

worm gear. 

Preparation of Test Sample. 

The samples, seTen incnes long, were tnoroughly clea.ned 

with acetone and centrally wedged with wire into tne one 

incn nole in the blocks. Tne cementing ma.teri~~, a polyester 

resin &et by two percent Lupersol D. D. M. Gatalyst ~10), 

and tnickened prior to setting to a " W(IUld not run n consist­

ency by short asbestos f~bre, was tnen forced between tne 

specimen and tne bloc~. Tne specimen would set hard 1n 

four hours. (Photograpns 5 & bJ. 

Test Procedure. 

Considerable care was required in setting the blocked 

specimen in the macnine. -~nile tne blocks were being inserted 

tne leTer arm wa::; left free to swing. Once set and tight­

ened up, tne le~er arm was brougnt central by means of tne 

manua.l torsion wne el. Load was then added in nalf pound inc­

rements to tne pan, the lever being brougnt horizontal af1ler 

eacn load increase. 
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DIRECT BH~~ 

General. 

The test procedure employed in determining tne direct 

shear strengtn was adapted from blueprints sent out by the 

Ontario Hydro Company. A simplified apparatus was made up 

in the uniTersity worksnop wnich proved to be very satis­

ractory for tne required testing. No record was found for 

tests of this nature beine carried out on mine rocks before. 

The tests were carried out in double shear and divided 

by two to get tne direct snear strengtn. 

From tne experimental data the single shear strengtn 

was calculated from tne following formulae: 

Css • t (R / DJ ••••••••••••••• (6). 

where Css = direct single snear strength 

R - load at rupture in pounds. 

D • diameter ot specimen in inches. 

Apparatus. 

Tbe apparatus used was made up in tne uniTersity snops 

on tne specifica~ions of the wri~er. It consisted of two 

plates t " tnic~, set apart by blocKs, the inside faces 

being polished. A tnird plate witn polisned races on either 

side passed between. A nole 0.758" diameter was drilled 

through tne plates at tne middle of tne outside pair and in 

tne lower nalf of the inàide plate. (fnotographs 7 & 8). 
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~reparat1on of Test ~pecimens. 

Specimens were ground dawn until tney formed a tignt 

fit tnrough tne testing blacK - slackness would nave caused 

bend1nc; s1:.resses to oe se·r. up and tne experimen1:. to be use­

lesb. 

·resl:. .rrocedure. 

Ul:.H r.ne specimen f1t1:.ing ti6hl:..LY in t.ne oloc~, 1:.ne 

blacK is placed in 1:.ne Jaws of a compression macnine. Load 

is applied at a constant rate of 4 ,ùuG pounds per mH1ute. 

(~noto6rapn 9 ). 
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CLASdiFICATION OF FRACTURE TYPES 

Not all the specimens of any one roc~ type failed in 

the same pa.tT.ern. For this reason the type of failure was 

classified inT.o three classes. 

Group R. These are specimens wnich show angles of 

breaK consistent witn Mohr's tneory. 

Group s. These are specimens wnicn have failed in 

vertical fractures under compression or perpendicular to 

the maJor principal plane in tension. Two theories are 

presented to account for tnis vertical fracturing; some 

specimens snow a great inclination for one, some for the 

otber~ . Grig6s (l~J suggests tnat tne splitting. effect of 

a wedge would cause tensional failure along the v·~r~ical 

fracture. Tais is supported by several specimens which show 

a wedging effect, ·and considerable grinding.on tne wedge 

faces. Brandtzaeg (l4J sug6ests from experimental work 

by Karman and Boker (l)J tnat splitting failure occurs 

where tensile stress has oeen produced above a limiting 

value by irregular plastic deformation in a heterogeneous 

material. These sr.resses causing crac~s running paralle1 

to tne direction of t!le principal compressive stress. 

SeTeral specimens tested have failed wholly by vertical 

fractures throughout; one specimen, no. le, broKe expl~siTely 

into fourteen pieces, eacn showing vertical splitting 

with no wedging effect. 

Group T. These are specimens wnere a we~ess has 

influenced tne breaK or angle of break. 



, 
( 2)) t .LAlŒ SliOtŒ ·rUFF 

COMPHESSION 

s:: 0) . <D . ..... .0 ..... orl Cl) A . 
~ 

. r-1 0) 0) A >. 
0 s:: • A Pi >. E-1 
z ..... oi <D E-1 

Q) 0) 

'"" 
Q) . r-1 ;::1 Pi () .!tl 
'"" 1>< ~ ~ <C r-1 0 0 () ::::1 

~ ..... 0 +3 
~ 1:0 ~ () 

CJ) P=t 1:0 

'"" 
17 12 .905 .64::> 20,000 )1,000 34,600 B, s 
18 12 • ~0!;) .64.5 27,000 42,200 47' 200 B, s 
)8 2 • 905 .64.5 25,000 )9,000 43,800 B, s 
)9 2 • 905 .64.5 27' 200 42,500 47 ,ooo Q, .::; 

40 14 .910 .6.? 20,700 )3,400 37,000 B, s 
61 )8 .910 .6.5 26,800 41,800 47,000 B, s 
62 )) .910 .65 26,.500 41,)00 46_,300 B, s 

124 34 .89::> .632 14,500 23,000 26,000 A, s 
12!;) )4 .895 .6)2 14,100 22,400 2.5,100 A, s 
126 34 .89!;) .632 lb, 500 26,200 29,300 A a s 
127 34 .895 .632 16,700 26,500 29,700 A, s 

ATerage Value Type A, 27' 500 

ATerage Value ·.rype B, 43,7.?0 

Average Value Type A~ B,& C, 38, 300 

l'able 1 
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MKE. SciO!ili .I:UFF 

•.•· __ ;;.·· 

~ 
. t) . IQ . ... 0 . •r-f .D oM CD CD Q) 

z ~ . 
A C>A ~ ~. Gf · d .-1 IQ 

:..:~ •r-f A >. ~>. t10 
CJ) Q) 

::SE-l Q') G) 
~ .j.) 8 .... .-1 < ::s 0 +J cd 

·~' A A .-1 .!.:l 0 CD 
~- a oM 0 aJ .-1 ,·· 

~ t10 CD CD 0 
tl) fr.i P:t ·.fq ~ 

36 2 .902 • 640 972 1, 520 c, s 

37 14 .902 .640 1,0,0 1, 640 B, .::) 

4J 33 .910 .650 1,075 1, 700 B, s 

46 33 .910 • 650 1, 37 5 2,100 B, rl lü .... 
4.7 ; : 38 .910 • 650 . 1' 350. 2,070 B, i:3 

. 48 .. i 41 .910 .650 815 1,260 A, R . 15 

83 42 .900 .638 790 1,240 A, R 22 

91 37 .900 .638 720 1,125 B, R 18 

92 37 .900 .638 ' 6~5 1,090 B, R 25 

lOO 43 .908 .646 990 1,530 B, R 18 

ATerage of Group rest A, 1, 250 
' 

J..~e~age of Group Test B, 1,600 

A,.erage of Group ·.rest .A,, B& 
1 

c,l,325 

1 

TEwle 2 
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LAKE SliOHE 'rUFF 

~-

TO.i:iSION 

. : s:: . . -~ 0) ..-1 ~ . s:: • ,!) 0) ~ t) ~ . 0 ..-1 ot .-1 A f;: A .1> 
0 z 0) ~~ re z <D E-t ~E-4 f) Q ~ ~ ~ :; .... . .-1 ;:j 0 ..!.:! .. +J .'t} >< f; .-1. C) o. ·Jq ..-1 0 • ~-115 CD p:: 

~ (J) IX! 

12tl 3b • ~04 .b3b cement bonding failed first 

l4tl 3J .904 • b38 e 2,200 x T ~,\ ç 
'' .. 1.67· i9 .902 .b40 12t 3',450 A, R 31-bO 

16J 44 • 902 • b40 12 ),300 B, .H. 39-4!1 

ATerage of Group Type A 1 3,450 psi. 

Average of Group Type B 1 3, 300 psi. 

Average of Group Type A., B1 & c, 3,370 psi • 

.x Break followed a short plane of wea.t.Cn.ess in the rock. 

Table } 
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·LAKE Sl:iOrlE TUFF 

. . 
0 t1l . . . . ~ .0 orl orl 

0 ,::::: • r-1 en l1l . d P-t P-t CD 
0 z ~ A en z 

Q) CD l1l co >, 
H 't:l en 8 . r-I 0 }< ~ A -::x: ~ 

0 
~ 

~ () 
ro orl 

0 11) ro 
f:r:.1 p:: 

149 4!;) • 7 ':J7 .450 3,970 8,8!:.>0 4,425 A, 

150 45 • 7 ') 5 • 450 5,09.5 b,800 3,400 A, 

l5b 43 .743 .436 1, ~ D'f 4,!:.>00 2,2!>0 .x. 

l7b lj • 7 !:.>0 • 440 3,087 1,000 3,500 B, 

172 40 • 7 )Ü .44i 
l, 

3,bb0 8,)!:.>0 4,17 5 
1\ ' 

Average of Group Tppe A, 4,000 psi. 

Average of Group Type B, ),)00 psi. 

ATerage of Group Type A1,B1 & c, 3, s·t' psi. 

:x: The size of tne specimen was SUCi'l that bending stresses 

were set up prior to direct stresses. '.I:he specimen was L :·:. : . .... ...... .. · \..: 

therefore eliminated from calculation. 

fable 4 



Compression. 

Average Torsion .. 

LAKE SHORE.- Tuff 

y 
Scale :- 1 inch 2POO. lbs. 

Direct Shear. 
'A.. ·s~ 

x 
~.c. Type A. 

. Type B. Tension. 

FIG 3. 

" -
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LAlŒ SHOftE 'XUFF - Discussion of rt~sults ,. 

The Lake snore Tu!'f petrographica.lly falls into two 

groups. Tne Al type, less a.ltered and fine grained, is 

distinctly wea.~er than the Bl type, wnich is more altered ~ 

and coa.rser erained; intermediate types grade from one 

to the ether, but have not been tested. Graphically, the 

main envelope for eacn type has been drawn. ·rlle angles of 

the two envelopes are very close. ln compression, the 

rupture planes were all Tertical,(Group S). A fuller 

geological description of tne rock can be found in AppendiA A. 



( 28) 
LAKE SHORE SYEi'HTE l>ORPHYRY 

iJOM}rlESSIOi~ 

• 
Q 0 . . . (J) . . or-t z l1l or-t or-t (J) (J) ~ 0 ~ • ..0 0) l1l A <DA tl!) . z or-t cr' <D....-1 A A >. ~>. Q) 0 l1l ~ 8 ~8 rd z Q) ~ A 

....-! A ~ 
0 ...,:> q) 

....-! 0 0 ..'li: 0 ....-! . 
~ >< 

or-t 0 w ~·. QJ 0 ~ ~ ~ CD ~ p:: Fi (1) 

l 25 .8~4 • 630 19,600 31,000 34,BOO B, s 

2 25 .8~4 • 630 20,000 31,800 3),700 Ba. s 

57 59 .910 .65@ 27 '400 42,000 47 ,lOO c, s 
' 58 ~9 . .910 • 6)0 2e,7oo 44,206 49,500 A, ri 70 & 30 

!:>9 59 .910 • 6)0 27,300 42,000 47,100 A,_ .H 2) & !:>5 

60 51 .910 • 650 26,500 40,800 4;,eoo A1 s 

63 53 .900 .638 28,000 44,000 49,400 Az 6 

b4 ';)) .~00 • 638 26,500 4),000 48,200 BL s 

119 52 .894 .630 2b,ü00 41,200 46,200 A1 ci 

120 !:>2 .894 • 6)0 24,500 )8,400 43,100 At t) 

121 !:12 ·.894 .-630 26,500 42,000 47,000 At s 

122 52 .894 .630 20 ' 500 .-·? ' ,z . ., 500 ~ ;, ' 39~ 500 At s 
123 !:>2 .894 • 630 8,000 12,700 14,200 x T 

Average of Group Type A, 45,600 

Average of Group ·.cype B1 )9,600 

Average of Group Type ~ B,& 01 44,200 

x Specimen failed alonb smooth surfaced plane at 2!:> degrees 

to plane of major steess. 

Table 5 
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~A~ SHORE EQRPHYBY 

. 'J.l'E.NSlON 

. . . ~ rn il) . <,~; ' 

~ • ...-i .D •ri (1) (1) (1) 
~ .. .-( rn A (]) Ot J..i··· • •ri d (]) A l>. H l>. t ;: 

0 <D 02 H 8 ~8 (]) 
l2i ....-1 ,_, 

~ .j..) (])'0 

~ t=l ~ ;:{ 0 ~ 0 r-1 . •ri 0 éU '-D 
1>4 Œl cr; 0 H ~ l!q rf) l'q ~ !%.; 

31 29 .902 .640 1, 340 l, 340 B~ R 10 

32 29 • 902 • 640 1,065 1, 670 Ba R 15 

':>0 6Q .910 .650 ·. 1 ,·a 5o f~620 Bt. R 12 

~.., ., . .51 
; ; . .!i 4 .910 .6)0 ;L' 340 2,050 At .k 15 

. ;. . ' ~ 

·?e ':>3 ,gèe .63S l, .?~0 2,~':>0 · !. s ..... t ., .. 
~. - . i 1 .... ~ .. 

88 ;1 .900 .638 1,362 2,130 AJ. s 
89 57 .900 .• (>38 1,310 z,œ5o Bt. R 10 

90 ':>1 .900 • 63t3 1,120 1,770 At .k 15 

98 53 .908 .646 1,490 2,300 A2. s 
99 .?3 • 908 • 646 . 1, 670 1,670 . At R 15 

A.Tere.ge of Group Type Az. 2,05) psi. 

ATerage of Group Type B1 l, 670 psi. 

Average of Group Type ~ Ba,& c ~ 1,~00 psi. 

TAB.LE 6 

.. 
~ ... -



LAKE . SHOrtE PORPHYrlY 

. . . e 
s:: !1J •r-I fi) . . oM .0 0) Cl) <1 ~ 

0 s:: . r-1 Pi Pc . ., . ~ til 
• z oM ot fi) ~ t) 

0 Dl H E-t ~E-t rO z fi) ::s til ::s 
r-1 A < r-1 0 of.) t) . Pc oM ~ () ri 

~ a <D 0 <D til 
~ G3 1%-t 0 /;! ~ rf.) Il:: 

57 !:14 .900 .b38 20 ,,200 Bt R 1!:i-3!;) 

,154 47 • 902 .640 17 cement bonding fai1ed first 
: 

166 28 • 902 .640 17! 4,780 Bl.. R 28-65 

- 181 20 .900 • 640 17 4,670 Àl R 30-45 

.., , 

Average of Group Type AL 4,67Q 

:Av ar age of Group Type Bz. 4,990 

!Te·:ra.ge of Gfuup Type Azt :s,& CL 4,880 

Table 7 
' '\ 

:.. •. , . 
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lllŒ SHOB.E PORPHYRY 

.DlrlECT SHEAn 

. . 
Q !0 .,...j .,...j . • .,...j .0 !0 m a> 

0 Q . r-i A A A z •r-i d :>. 
0 l1l a> Ol 0) 8 z Q) ~ rc:1 Cl) 

r-1 Q < ::1 0 0 .!.:1 . ft r-1 0 
1>< .,...j 0 

PIQ a:l a:l ~ 
Cl.l ~ 

,. 

139 !)8 • 747 .435 2, 762 6,350 3,175 Bt 

140 )8 • 7 49 .434 1,547 ),400 1,700 .x 

14l .· 5e l' 750 .~ 440 
r 

),~20 7,100 3,55Q At 

157 !>1 • 7 ~3 .445 3 '760 8,500 4,250 A2 
~ ; 

162:' 48 • 7 50 • 442 ' 3' 331 T;525 3, 7oO !l 
' .... 

' 17-'3 27 • 7 )f) • 440 ;,66o ' ,. 
8,300 .. 4,150 la. 

ATerage of Group TypeA'2. 3;850 psi. 

ATerage of Group Type Bt 31 bô2 psi. 

ATerage of Group 'JYpe ~B_~ & C'1. 3, 777 psi • 

.x speci~en brch:e px:em~tur~1y due to bending s~resses 

as specimen was too 1oose in nole. 

Table 8 

. \" . ·. ' ._t. .. ' , , '; ... 
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.Type A. Corrpression. 

. Type B. Compression. 

Average Compression 

LAKE ·SHORE 
Syen1te Porphyry 

y 

Scale:- 1_ inch = 2POO.Ibs . 

Avera·ge Torsion. 

Average Direct Shear: 

r · 

x 

Average Tension . 

FIG4 • 
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LAKE §HOHE FOrlPHYHY- Discussion of Risults. 

The porphyry, liKe tne tuff, shows a tendency towards 

ver~ical fracture in compression. Only two compression 

specimens show angles of bre~ consistent witn Mohr's 

tneory,{Group Rj. In compression, tnose specimens with 

phenocrysts, type Bz, have a sligntly lower value than the 

more equigranular specimens, type A2· In tension, type B2 

values are slightly nigher. In torsion and direct shear, 

the pnenocrysts àppear to nave little effect o~ the 

rupture value. Grapnically, the tension circle falls 

within the torsion circle. A minimum envelope is drawn from 

tne tension circle to the minimum compression circle, and 

from the torsion circle toutne maximum compression. circle. 

The values for direct snear seem low in either case. The 

LaKe Shore Porpnyry is described fully in Appendix A. 
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NUNDYDROOG - AU:PlilBOLITE 

COMPHESSION 

. . OJ . 
• . s:: ..a ..-1 ..-1 Q) . g s:: ..-1 r-i 0) OJ ~ 0 ..-1 . ~ ~ z ry (J) 8 

Q) OJ ~ • r-i ;:j ~ C) ~ 
1>< ~ Cl ~ r-i 0 0 0 

IJt1 ..-f 0 
o:l CD 1):1 

Cl,) l%i 

J. 'r' 98 .880 .610 13,!>00 22,200 24,700 BJ 

4 98 .880 .610 26,500 43,500 49,000 Bs 
5 98 .880 • 610 22,900 37 '500 42,000 B, 
6 98 .880 .610 7,500 l2,40i "14 ,ooo x 

1 98 .880 .610 26,600 44,000 49' 300 B3 

8 98 .880 .610 ·11,eoo 29,200 32,700 BJ 

73 95 .92.? • 675 28,200 41,500 46,500 x 
' 

74 95 .925 • 675 23,800 35,500 40,000 x 

75 102 .880 • 612 15,900 23,500 26,400 B~ 

114 4) .900 .635 14,600 22,700 25,400 Â! 

115 43 .900 • 635. ; 27 ,ooo 42,000 47,000 As 
116 43 .YOO .635 28,500 44,300 49,600 J., 

117 43 .YOO .635 39,400 61,000 68,300 A?, 

118 43 .YOO • 635 30,200 47 ,ooo 52,800 As 

Average of Group Type A~ !>0,500 

Average of Group ·rype Bs 37,300 

Average of Group Type A1 & B1 43,400 

x Weakness planes cutting smooth1y through the centre of 

specimens at 0 and 20 degrees . 

Table 9 

\,. 

~ » 
E-1 
Q) 

~ 
;:j 
~ 
0 
a:! 
~ 

1%1 

R 

s 
s 
T 

s 
s 

. . 
· T 

t 
R 

R 

i 

s 
s ..... 

R 

' ' 

m 
t) 
Q) 

~ 
tl{) 
d) 
rO 

~ 
r-i 
tl{) 

~ 
21 

35 

32 

34 
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ijONDYDROOG - AMPHIBQ;J$E 
'' f·- -· . 

TENSION 

• . a> S:: . O'J . 
.0 ..-i (i) . . ..-i • • ~ ~ · O'J · . 0 ,:::::; .. 

Pl ~ w d Pl 
0 z ..-i t: .,p.. ' (%) m · «) z Q) F-f ~ ~rf-! . <0 

r-1 ~ < :;j · 0 ;s 
1 • r-1 .!x:: .fb Q) 

1< ~ or! . 0 ,, ....... 
. IIIQ 0 .. w 

ID Q) p:: t ~- -Cf) !X. 
, •· 

23 97 .920 • 670 1·13.82 2,050 B, s 
" 

24 9.5 .920 • 670 1,142 1, 720 ÂJ R l~ 

25 . ' 9J .920 .f)7o 873 1,3~0 ~ T . 
\. 

26 95 .920 • b10 1,1.14 ' ,1;660 . . . AJ · s 

49 87 .885 .blO 440 780 .BJ s 

101 5.5 .900 .635 825 1,300 A3 R 18 

. 102 95 .900 .635 780 1,200 Al R x.x . 
.. 

93 95 .918 • 660 1, ,70 2,370 ÂJ H 60 

94 95 .918 .bbO 880 1,360 Al s 

AYerage of Test Group AJ 1 1 bOO 

·A·Terage of Test Group B.r 1,400 
. , 
;. 

·ATerage of Test Group As& B.s 1,,50 

. :x fine calcite Teins a cross the breaK 

xx angle too irregular to measure 

,. -11 -:·. 
. : ; .. . .. ·: ·:. ::·~ ...... · '1. ' :'. 

_ .... ..,_._:;. _· . 
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NtiijDYUKOOG - AMPHIBOLJTE 
. 1 

. . 
• 0 ~ 

~ z ..-f 

(!) 

• r-{ 
1< p~ 

11'1 El œ 
(/) 

86 87 .92!:1 

9) lOO .925 

11-1 . 
" .. ~ •. •·. 

46 • 917 

Average of Group Type A3 

Average _ of ·Group 'JlNI>e BJ 

• 
~ 

or-i .. 
d 
O'l 

< 

• 675 

• b75 

• 67 5 

.LOrt~lON 

. 
O'l 

..0 
r-{ 

t) 
~ 
~ 
r-i ...... 
CD 

!!ri 

9 

9 

9t .. 

2,410 

2,340 

e • or-i ~ 
0) •• œ tl() 
A A eA (!) 

~ ~>. re 
8 ~E-t 

tl() +3 • 0 ~ (.) r-i 
0 ai tl() 
0 F-'4 ~ p:: Jci 

2,340 AJ H 40-62 

2, 340" .l?j T 
. . 

, 2 , 48Q ·" -j.' , •.. J rl 25-55 
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~Ui~DYDROOG - A-"l.PHIB01lfh 

• . • 
~· • or-f or-f 

• • or-f Cf) Cf) Cf) 

• 0 ~ • .0 p. p. <D 
0 z or-f c" r-i p. 

z Cf) <D 1 >. 
(!) ~ 

Cf) Cf) E-t 
• r-1 A Cil 't:1 Cf) 

~ p. r-i 0 t> ,!:tl 
l!r:l s or-f () 

"' «$ 0 
Cf) lZ-4 p:; 

14) 44 • 7 50 .442 2,59) ) ,B)O 2,92.5 :.. 

14b 44 • 7 53 .44) 3,13.5 B,":;75 4,187 BJ 

1!18 '/3 • 7 50 .442 2, 39) ),425 2,710 B3 

159 73 • 7 )1 .44.5 .5,5B) 8,100 4,050 B3 

lbO 73 • 7 )0 .442 2,790 b,)OO 3,1)0 Bl 

lbS 40 • 7 50 .442 4,110 9' )00 4,b)0 AJ 

169 40 • 7 )0 .442 2,870 b,)OO 3,250 A a 

Average of Group Type A~ ) '950 psi. 

Average of Group Type Bs 3,525 psi. 

ATerae;e oi' Group .rype A3& B3 ),6b) ps i. 

x specimen broke due to bendin0 stress es as specimen was 

too close in block. 

Table 12 
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y 

Type A. ·· 
Type B. ~ Compression. 

Scale:- 1 1nch = 2.000.1bs. 
Averag~ Torsion. 

Direct Shear. 
"A" ·e· A . . . vera ge. 

\,.: · .. -· 
x 

Average Tension .. 

NUNDYDROOG.- Amphibolit FIG 5. 
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NUliiDYDrlvOG Allti.l'til:.BüLl.Tl!; - Discussion of nesults. 

The Ampnibolites were divided by texture, type A3 

being coarser than type B3. The fine grained and more 

compact rock produced so wide a range of values in 

compression that their average has little meaning. For 

this reason, only one envelope has been drawn on the 

grapn, which is the most probable one for the results. 

A geological description of tne Nundydroog Ampnibolite 

is given in Appendix A. 



KŒd-lli ADDISOi~ GJ:illEN G!BBOl'iATE 
( 38) 

GûMI'HEBciiON 

1=1 w . . . . .,...j .0 .,...j .,...j Cl) 
0 0 ~ . r-1 w l1.l A z z •r-I d (!) A A ~ w H 8 . (]) ;::l A 0 
>< r-1 t=l < .-l 0 0 ..!o:: !!cl fi .,...j 0 

«l 0 
lO ~ ~ 

Cl) 

15 18 .900 .640 7,000 11,000 12,400 B~~o 

16 16 .900 .640 4, ·1 bO 7 '300 8,200 x 

56 20 .910 • 650 9, 200 14' 200 16,000 B~ 

55 20 .910 .6.?0 7,200 11,000 12,400 Bq 

;53 17 .910 .650 13,960 20,000 22,500 Àl# 

54 17 .910 • 650 !:1,000 7,700 8,650 ~ 

70 !:17 .850 • 612 10' 600 17 '300 19,400 B, 

11 !:17 .880 • 612 13,800 22,!:100 25,300 B~t 

72 57 .880 .612 12,800 21,000 25,!:100 B~t 

76 5!:1 .seo • 612 11,400 18,600 20,800 :&, 

77 '' .880 .612 12,700 20,800 23,400 B., 

Average of Group Type A., 22,!:100 

ATerage of Group fype BI# 15,800 

x compression fracturin~ followed along bedding structure 

of quartz stringers 

Table 13 

Cl) 
Cl) ~ 
A tl() 

Cl)l>a () 

~8 ro ::s (]) 
.f.) r-i 
0 til 
Q1 ~ ~ 

. .. ··a llt20 

T 

R 19&29 

R 30 

rl 21&45 

T 

.i:{ 15&25 

s 
.t1. 18&:25 

R 25 

R 33 
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s:: . 
0 ..-i 11.! Q) . :.:::: . . .D ..-i o. 

0 s:: ai <Dr-1 0) 1>. 
z Cl) ..-l (1) ~ A 8 

........ :::1 +l . 
~ A < r-I 0 ~ 

>< ...; () 

I!J1 m m 0 
(/) J%i p:: 

27 2~ -~02 • 640 168 263 B., 

2èl 2tl .~l) • 6bü 226 )54 B~ 

29 28 .915 • 6!:)0 182 285 By 

43 )6 • ':110 • 650 20) )15 B'f 

44 20 .910 • 6!10 248 380 B~t 

131 27 • 904 .644 360 560 A4 

132 27 • 904 .644 810 1,260 Ac, 

133 36 • Y0 4 .644 360 !160 A y 

1)4 36 • :JO 4 .64<t 180 2~{ 0 x 

135 69 .88; • 6lj J05 500 A<4 

Average Value of Group rest A~ 9~0 

Average Value of Group Test B4 359 

x fractured along border weaKness of quar~z and green 

carbonate for 2/3 of specimen. 

G> 
<DO. 
~:>. 
;:!8 
+l 
() 

~Xl 
~ 

J%i 

rl 

ri 

~ 

R 

R 

ri 

.H 

.s 

'r 

.1:\ 

]~able 14 

(]) 
Q) 

~ 
~ 

(])() 
r-lro 
t)!) 

~ 

1; 

30 

35 

45 

30 

47 

30 
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lŒRR ADDISON GRElijj CARBONATE 

'J;'OrtSION 

. . . CD s:: 0) ..-1 ·• . . -ri .0 0) "' e J.f 0 s:: . ,-; Pt Pt- Pt ~ • .{ z ..-1 o' ~ •~>- • 0 0) t) 8 ~E-4 'C1 z t) ~ ~ ::;j r-1 ~ < ::;j 0 ~ · ~ CD • ~ >< r-1 (.) (.) t2, · -ri 0 œ ~ ., 
ctl jl:j ~ ~ u.l Fi IX. 

129 70 .885 .613 8.5 2 ' 420 A.t# rl 4Q-58 

130 64 . . 885 .613 8.0 2,280 A't R 35-55 

164 67 . .883 .612 8.0 2 ,~00 -4-4. R. 36-54 

' 

Average of Group Type A~ 2,330 ps i. 

&able 15 

• 

.. .·· .. · ·~ · .· ...... t . 
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DlrŒCT ~HEArl 

. . 
s:: 0) ..-1 ..-1 . . ..-1 ..0 0) Ol (!) . 0 s:: • ...-1 Pi A . f;: \ .· · o :z; ..-1 ot 

z 0) (!) 0) 0) 8 
([) ~ rd ttl .. ...-1 A < ~ 0 0 >:: 

K ~ 
.--l Cl 

0 ' ~ ..-1 
~ Œl o:l 

0) l'ri 

136 )9 • 7 4) .4:>3 1, 4til ),425 1,712 A If 

137 39 • 7 4) .433 2,2)0 !1,1!>0 2, }7> x 

1}8 1~ ·lS~ .444 1,435 3' 250 1,625 A'l 

1b1 36 • 7 !10 .442 2, 7 40 6,200 3,100 A, 

ATerage of Group Tast A~ ~,150 

x Intermittent failure building up inside aga. in 

specimen was crushed, not sneared. 

·rabJ.e lp 

i. ." 



Type A. Compression. 

Type B. Compression. 

K'ERR ADDISON.-
Green Carbonate Breccia. 

y 
Scale 1 1nch 1 = 1000 lbs 

/ype A. Torsion. 
1 

Type A. Direct 

x 

Tension. - . 
Type A. Tension. 

FIG 6. 

.-
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KERR ADDISON GHEEN CARBONAtE - Disoussion of Hxsults. 
o. 

Classification within the green carbonate was by the 

intensity of green of carbonate minerals. Type .A4 was 

oliTe green in colour and the rock was well bonded; type 

B4 was deeper green and tne bonding was weaker. Values 

Qccur over a wide range, and lit~le reliance can thus be 

placed upon individual or averaee results. Grapnica.lly, 

the tension circles fali well witnin the torsion circle. 

The envelope from tne torsion circle to tne maximum 

comprejl:aion circls gites an angle rf; of 62.5, · simi;J.ar to 
. ~ . ., · ~· .. . . ' ,~. ~ .• 

that for the Mclntyre carbonated Lavas. A mean enTelope 

angle; of 67., is similar to tnat of the LaKe Shore 

Porphyry. Most of tne specimens failed at an angle which 

could be in agreement with Yohr's .theory. A full descr­

iption of tne Kerr .Addison Green Caroonate is to be found 

in Appendi.x. A.. 
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0üM:PrtESB10N 

. . . <1) 

• s:: t7l ....-! ..-f ([) 

0 . ..-1 .0 0) t7l ([) Cl) ,... 
• z s:: . .-1 A A ~ A ~ 

0 ..-1 d G) <Dt>.. «> 
z Q) 0) H ~ '-tE-t rej 

.-1 ::1 ~ 0 ::1 . 
~ A < .-1 0 0 ~ +) ([) 

joel ....-! 0 0 .-1 
!!tl Ql Ql 0 Œl ~ 

11) ~ ~ H ~ J!r.l 

9 12 • Cl35 ~ . .))0 11,100 20,000 22,400 As rl 53 

10 12 .d)) .::>50 12, ::>00 22,400 25,200 As rl .?4 
. . 
20 17 .e3~ • 550 3,900 7,000 7,900 :x: T 

21 17 .Cl):;> .::>.::>0 7,160 12,800 14,400 Be rl 20 

22 4 .8)) .):;0 -b, 220 11,200 12,600 Ai s 

b) 25 .8):J .))0 7,700 1), 200 14,800 c~ rl 2.? 

oo 2) .8)5 .1)50 7,700 1),200 14,800 A• s 

67 23 .83.? • 550 o, 200 11,300 12,700 B-; ~ 

b8 23 .Cl35 .550 8,900 1b,200 18,400 M R 25 

b9 23 .835 .550 !:1,800 lO,bOO 11,900 Cf s 

103 lb .o35 .):lÜ 12,700 22,800 25,700 A' R 35 & 

104 lb .835 .))0 9,!:>00 17,100 19,200 AS rl 23 & 

10) 16 .e).? • b::>O 4,900 8,800 9,850 x 1' 

Average of Group Test As 

Average of Group ·rest B' 

Average of Group fest C; 13,350 

x Incorrect placimg in macnine caused concentration at top right 

and bottom 1eft of specimen and failure of tnese parts. 

Table 17 

)0 

28 



(44j 

MciNTYHE CARB01'4ATED LAVA 

l:l . . 
.,-! ([) 

0 •rl . 
([) Cl) Cl) ([) ([) z . . 
~ . 

l:l d Q),D A ~ (l)P! 
0 Cl) ~.--1 » ~» tl() 
:z; (!) •rl ;:$ +> 8 :;jE; ([) 

.--1 <t: .--1 0 .p (!)rd . ~ A ..'>::1 0 r-1 
H .,-! 

0 co tl() co 
~ co f:r.l 0 ~ ~ r:n p:: ~ . , 

33 4 .835 • )50 1,030 1,870 Bt R xx 

79 22 .835 • 550 !:)80 1,050 A~ R xx 

80 22 .835 • 550 590 1,050 c~ rl 30 

81 22 .835 • 5~0 700 1,260 Af' rl 3G 

82 2) .8)~ ~ .:150 68) 1,240 A$ 3 

96 22 .8)5 • 550 620 1,140 Br H xx 

97 2) .8)~ • 550 b30 1,150 A( .k .:leX 

34 4 .8)5 • 550 18ü 417 x T 

35 4 .835 • 5!:>0 165 300 x ·r 

ATerage of Test Group Ar 1,17!:1 psi. 

ATerage of Test Group Bs 1,500 psi. 

Average of Test Grou~ C; 1,050 psi. 

~verage of fest Grou~ A(, B)& G( 1,240 psi. 

x rupture fo1lowing bedd1.ne:; planes 

XJC rougn fracture angle measurement irregu1ar 

Table 18 
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147 12 .840 .100 -, 1,22' x T 
, . 

, 153 12 .tl40 .100 14 2,4,0 c~ R 32-50 

AT er age of Group Type Cs: 2,450 

x Specimen broke along weak:ness plane at 30 degrees. 

\ · 

Table 19 
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MclNTYRE CAHBO.NAîED LAVA 

DirtECf Sl:iE.iu\ 

d . . . . oM Ol oM oM 

0 . . . ,0 Ol Ol 
Q d ...-! Pl Pl (J) . z 

~ 0 -ri Cl) 

z (J) (J) Cl) Ol 
.....-{ ~ 'tj Ol 8 . Pl A ~ ~ 0 0 

K El r-i ~ 

!11=1 . . ID oM () 

tr.l al 0 
Fi p:: 

151 1 • 7 ')7 • 450 1, 47' 3,27' J. 1 b 37 c$' 
. 

152" 7 • 7 , ., • 450 2,332 5,100 2, 5 ';0 c,... 

144 11 .7:>0 .. . 442 2, 4Q5 5' 47' 2, 737 C.l'" 

16J 12 .1 ')3 . • 44:> 2,132 4,800 2, 4QO c;-

ATerag·e of Group ~ype C( 2, }30 psi. 

Tablœ . 2Q 



Type B.&C. Compression. 
Average Compression. 
.Type A. Compression. 

Direct Shear. 

y 

Scale :- 1 inch= 1,000 Lbs. 

' 

Average Torsion. 

Type C. Tension. 

x 
-.... 

~~~p7'f~<;..... ___ Average Te nsion. 

t ~ . · .. ;MciNTY RE-Carbonated La 
~.·,,··· .: . 
~ - . 

!t~. .:-

Type B. Tension. 

FIG 7 . . . 
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YCINTXRE CAtiliONArED LAVA- Discussion of rlesults. 

In no case were tne differences in the roc~ types 

very mariCed petrographie~ally. üome specimens showed a 

little pyrite mineralization,(type A5J, sorne a few 

residual quartz nodules, (type B5J, and sorne nei ther, 

(type C5). In compression, type A5 snowed a greater 

strength than the otners. Tnis increase in strength 

may be due to further nardening wnen tne mineralizing 

solutions were inJected into the rocK. Insufficient 

roc~ samples were available to perform as many torsion 

tests as would nave been desirable. In tne graphical 

interpretation, envelopes were drawn from maximum to 

aaximum, . and minimum to ~inimum instead of roc~ type 

to roc~ type, tne difference in rock types being 

neglected. Extreme envelopes were drawn in dotted 

lines. Geological description of the Mclntyre 

Carbonated I.a.va are found in Appendix A. 



ROCK TYPE CLASS COMPRESSION TENSION TORSION DIRECT SHEAR 

Lake Shore Tuff A 27,5'00 12, 5'00 3 ,45'0 4,000 

B 43,75'0 1,600 3,300 3,5'00 

Ave. 38,300 1,900 4,880 3,875' 
Lake Shore Porphyry A 45',600 2,05'5' 4,670 3,95'0 (f; 

c:: 
B 39,600 1,670 4,990 3' 5'25 

E;: 

~ · 
Ave. 44,200 1,900 4,880 3,665' 

&: 
t-< -· -">· 
0 0:: 

Nundydroog Amphibolite A 5'0, 5'00 1,600 2,410 3 '95'0 l:rj --
B 37,300 J:,4oo 2,34o 3' 5'25' &~ 

(f_ 
c::: 

43,4o0 1,5'5'0 2,390 3,665' 
t- ; 

Av•· H 
(f~ 

Kerr Addison Green A 22,5'00 95'0 2,330 2,15'0 

Carbonate Breccia B 15',800 35'9 

Mcintyre Carbonatsd A 18,300 1,175' 

Lava B 13' 5'5'0 1,5'00 

c 13 ,35'0 1,05'0 2,450 2,330 

Ave. 16,5'5'0 1,240 2,45'0 2,330 

Table 21 



~PHR'S 
GRA.PHICAL 

ROCK TYPE ANGLES 

1 

4> c(. 

Lake Shore Tuff 67.5 /'19 

Lake Shore Porphyry 65.5 78 

Nundydroog Amphibolite 70 80 

Kerr Addison Green 

Carbonated Breccia 

Mclntyre Carbonated 
Lava 

67.5 79 

62. 5 77 

SUMMARY OF ANGLE AVERAGES 

EXPERIMEN'nAL ANGLES 

Compression Tension Torsion Average 

0{ Meas. c( Meas. ct Q(. 

66 33 57 (37)-56 79 67 

- 18 72 (35)-53 82 78 
1 .,..... 

""' 60 31 59 (32)-59 76 65 "" --

59 30 60 (32)-50 85 68 

42 13 77 (24)-48 87 62 

Table 22 
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(;QNCLUcilOl~~ • 
. -

Mohr's .I:heory, from a grapnical interpretation of 

the stresses causinc; failure, will produce an angle p 
whicn is tne anble of slidini$ friction. According to 

experiments oy Tschebotr.arioff (13;, tne nighest angle 

attained for sliding friction of any material was 42.~ 

degrees for quartz dn quartz wet, while dry the angle 

was reduced to 11 degrees. 

According to Mohr's concept of failure, tne resist­

ance to failure on any plane is tne result of conesion 

and sliding friction. From ·.rschebottarioff 's experimenta 

tne , angle of ma~imum sliding friction was found ''to l:?.è ;. 

42.::;~ for wet quartz. The maximum~ for sliding friction 

would be Ob de~:Srees. Because t.n.e anc;les of CX. produced 

in tnis invesr.ic;at.ion were usually subs~ant.ially nigher, 

the concept of sliding friction alone is not adequate. 

The effect of interlocKing friction has to be brought into 

the picture. Extension of the theory towards tne failure 

envelope to cover tne comoined angle of sliding and inter­

loc~inb friction is supported cy this investiga~ion. 

ln t.ne experimental worK performed, tne angle .. "'measared 

is a combination of tne effects of tne sliding friction 

and tne interlGcking friction. The angle ~ , tne angle at 

which a mass anould fail, is a function of~· The angle «. 

produced graphically and experimentally, is therefore 

related to tne f of tne total internal friction. The 

graphical angles for ~ nave a maÀimum deviation of 6%, 
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while tnose found experimentally deviate a little more. 

The averages of eacn show that the experimental angles ~ 

are appro.ximately 10% lower when cowpared to the grapnical 

angles. (Table 22j. 

Assuming tni~ to be so, the possible effect of 

comfinement upon the compressive strength of the rocks 

is snown in Fig.(8j. The envelopes of the graphical angles 

~ are drawn, and compression circles for ),000, 10,000, 

and 20,000 pounds confinement are tnen drawn to touch the 

envelopes. A small increase in the angle of the envelope 

causes a large increase in the possible compressive strength 

of the rock under confinement. ln this connection, it 

will be noticed that Kerr Addison !las a higner angle, and 

thus a possible higher compressive strength under confine-

ment than the Lake Snore ~orpnyry. lt is understood that 

in the laboratory tne efiect of a plane of weakness upon 

a test specimen will differ under tne different tests: 

applied, and that a plane of weakness in a compression 

test is liable to be closed, and its affect minimized, 

while the same plane of weakness, in tension be opened, 

and its effect exaggerated. In the case of the Kerr 

Addison rocks, considerable rupture occurred around tne 

boundaries of mineral masses. It is therefore su5Bested 

that tne tension and ~orsion resulta for tne Kerr Addison 

Green carbonates, are lower tha..a.their true figure, causing 

a nignar relative angle of envelope. 
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As tnere are no means available to measure the actual 

confinement upon a test specimen, i-c. cannot oe accurd.tely 

determined W!letner tne envelope continues as a straight 

line, or whetner it curves downward to allow rupture 

under confinement to occur at a lower value tnan is demon­

strated in Fig. B. It would also be noticed that the 

nigher the envelope angle, the less confinement is required 

to bring tne rociC into a sta.te of fluid flow under whicn 

no opening is possible. lt nas been snown tnat tne exper­

~menta.l angles are lower than tne grapnical angles, but it 

st.ill can be seen tnat a nard, brittle and strong roc.k: 

liKe tne LaKe Snore Porphyry wil~ nave a consideraoly 

üi6 àer anele than tne ooclntyre Carbonated Lava. lt is 

sue;~ested tnat it would tnerefore n&.ve a far nigner rocK­

burst potential than -c.rle luwer anbled rocK under t.ne ·same 

confining conditions. 

Even tnougn, in compression, a rocK type may fail in 

different fractional patterns, tne resultant rupture stress 

does not vary. It is indicated tnat t.ne hard brittle rocks 

snow a éjreater tendency towards vertical fracturing, wnile 

tne softei·, more plastic rocKs tend towards an anguld.r 

fai.lure compa.raole to konr 's tneory. It. is concluded thd.t 

tne resistance to deformatiun is responsible for tne type 

of failure encountered. 
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GEüLüGl0A.L DESCrtl:t>îlOi.~ üF rlüCK TYPE;:; 
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GEOLOGI CAL Dl:iliCnl.f r lüi~.::i. 
: -···· : - -· . 

Introduction. 

Mine rocks are usually nignly al~ered, generally 

Dy nydrothermal solutions. fhe five rocK types cnosen 

for tüis paper are no e.x.ception - if anytning tney may 

be criticized for Deing excessively altered. 

Eaun roc~ type was studied separa Gely from a 

pet.rolo5ical standpoint and eacn specimen af1.er testing 

was re-e.i\.auüned to fit. i t i nto smaller groups wi tnin 

eacn rock t.ype. 

Tain sections were made of eacn rocK: type. These 

were coïnpared and discuss ed witl1 t;eologists on tne mines 

conct:rned wner·e possible. 

LatCe snore Tuff. 

Tne first suite of specimens taK:en in tnis invest-

igation are samples of altered tuff composed principally 

of water-lain volcru1ic asn, interbedded between lava 

flows. Tne specimens were taKen from Lake Shore t.4ines 

at KirKland LaKe, Ontario. Todd ( 2 ) placed tne 

formation as one of tne oldest members of tne fimis.l<:amian 

series. 

The rocK: i s nighly alt ered and none of the original 

minerais ar e ieientiiîable, a ltnougn in sorne sections 

certain fraciments snow vague outlines, resembling crystals 

of f erromagnes~an nn.n eral s . Tne pres ent ro ck vari es 

f rom a fine grained, cnl oritic material, darK grey in 



(A - 2) 

colour, to a coarser grained,more altered material, 

reddistl. in colour. Microscopie e.xamlnation of the rocK 

snows tne main difference to be in the grain size and 

in tne degree of alteration. Carbonates and cnlorates 

are predominant tnroue;.nout tne rocK.. Alteration is not 

surprising wnen it is considered tnat tne tuffs are 

und er lain by intrusi ve rocks. ·rne tuff, owing to i ts 

original porous nature, would be particularly susceptible 

to tne action of gases and solutions risint5 from the 

igneous masses wnicn happen to be mostly of the basic 

syenite type. 

·rne specimens· tested seem to fall mainly into ' one · 

or otner of t11e e:x. treme classes. 

Group fype A,. DarK. grey in coluur, fine-grained and 

chloritic. Tnis is the least a.ltered variety • . 

Group Type B1• Reddish in colour, coarse grained -

(grains up to one tentn incn in lengthJ. Tne reddish 

colour is due to nemattte. fhese are representative 

of the more alt ered variety. 

Group Type 0e· very tine grained, and of a more mud 

brown colour witn up to 10) biotite crystals. 

LaK.e snore Porpnyry. 

Tne second suite of specimens taKen in tnis 

investigation are samples of syenite ~orpnyry. The 

specimens were t aken from LaK.e Shore Mines at Kirk:land 

Lake, Ontario. Todd ( 2 J places the formation as one 
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of'~he earliest of the syenite porpnyry bo~ies intruded 

in the .A.lgoœ&n period after tne rimiskamian sediments. 

The rock varîes from grey to red in -colour depending 

on the extent of alteration. During alteration the rock 

becomes lighter as _ ~he f.erro-magneslan minerals are 
~ : 1 

altered to carbonates and sericite. ~nenocrysts of 

plagioclase and orthoclase constitute 25% to !:iO,; of the 

rock and are usually less tnat one tenth of an inch in 

length. Occasionally tney re.fl.ch tnree eighths of an 

incn in lengtn. Biotite in tne less altered rock occupies 

about 2()j of tne rocK, changing witn alteration to lignt 

green chlorite, then being bleacned out to sericite • 
... .. _: .... _ 

· . .. ~~- ': • . ' . . . 
Apatit'e, magneti t~ and ilmeni te are acc-essory nlinerals, 

beirig commortly localized in the bleached remnants of 

biotite crystals. 

The specimens tested are mainly all of the intermadiate 

stage. They are altered to a considerable degree though 

a. cons,iderable quantity of biotite remains unaltered in 

them. Phenocrysts are• predominant up to one tentn ·inch 

long, though in a few specimens larger cnes have been found. 

Group Type A2 . f{eddish in colour, cnloritic, holocrystaline 

up to one tenth incn in lengtn. 

Group Type B2· As type ~but ha:ving a few isolated 

pnenocrysts up to four tenths incn in length. (rnotograph lüJ • 

Group Type G~· Specimens are of unusualiy fine grain_ size 

and .darKer tnan usu~l. 

' 
. ·' .... ~-· : .·- . ~.: :.· -· , ;.o;- •. . • i. ."' 
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N\mdydroos A.lll;p.tüooli te. 

rne tnird suil.te of speéimens taken in this investig-

ation are samples o:f 4,mp1ùbolite, a metamorpnic actinoli te 

rocK. The specimens were taKen from tne .NW1dydroog Gold 

Mine, Mysor-e state in lndia! The rocks in the area are 

considered to be .Precamb'rian. 

The rock consists of a fine gr~ined matrix. of 

actinolite and quartz e;rains in wnicn nave developed 

· mumerous larger crystals and grains wnich may be nearly 

equan-c. and as rriUcn as 1 or 1.5 mm. in diameter. The 
.. 

grouq.d mass actinolite is uau8:lly prismatic in ·~abit. 

T"ne specimens -c.est·ed f&.l.i into two main classes::. · 

Group Type A-,. Fine grained matri;,:, w~th afew scattered 

larger crystals ànd ir . .cebular grains. (t-notoe,rapn llr. 

Group Type B3. Coarse crystals and irregular grains 

( 1- 1.~ mm. in diamet erJ , wi tn less matrix. Liiany of 

tnem hav e only · a small amount of ground mass. 

Kerr Addison Green Carbonate Bre.ccia. 

·.rne fourtu sui te 0f opecHü.ens ... t ested in ~nis irtvestig-
.• • 1 • 

.. , .: 

ation are samp1.es of ·o1·ecciu.ted and hignly carbQriated volcanic . 

aock:s from Kerr Addison Gold ii,..i ines Ltd., Virginiatown, 

Ontario. 

Tne green carbonate roc.te gets its name from its viTid 

gree~ colour caus ed by iron-bearing s ilicates) including 

. fuchs ite. Accordin~ to Ba~er ( 3 1 tne e~act nature of the 

originàl roc~ i s in sorne douat but f or tne most part the 

·.· a • r . -
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rocks are conàidered to nave been originally volcanic lavas 
·~ ~ . . 

• 1 

and tuffs. The catbonate roc.6: nas been formed from tne 

orl.ginal rocks by intense stresses and hydrothermal action, 

The rocks used are all from the carbonb.te ore zone, and 

considerable care has been taken to exclude specimens high 

in cnlorite. Tne rock used is high in quartz with epidote 

a.nd calcite as tne main accessories. ·.['he rock is coarse 

,and precciat ed. 

The specimens tested seem to fall mainly into two groups 

tnougn ··one group c·ould be called ·a. wea.kness grôùp ~'·. · 

G:rqup Iype A •· l:)pecimens are eSranular i n fracture~-

Fractures breaK tnroue;Ll green mineral matri..t and quartz stringers 

' alike. c.tuartz is very fine grained and occupies about 35:' 

of the rock; it is of a ·grey colour. 

Group Type B~. 3pecimens are of a weaKer nature. 

Fractures often follow around tne sides of quartz stringers. 

The green is more vivid. Tne quartz is again fine grained 

but generally waite occupying about 40~ 7 4~ of the rock. 

pclntxre : - carbonated Lava. 

Tne f .iftn .sui te of specimens ta~en for·:~$ ·!'1\-f .. estig-. 

ation are samples of carbonated lava from llclntyrè Mines, 

Timmins, Ontario. 

The carbonated lavas are in close proximity to the , 

ore zone. They belong to tne Tisdale lava series of t.he 

Keewatin period of tne l'recambrian. These .lavas were 
";tt,_ 

a.lteréd by hydrotnermal action at nign pressure to carbonated 

... .... ·. 
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roak. 

The test specimens fal1 into. t.hree classes, though_ 
.. 

all tb.ree are Tery similar. 

Test Group Àf· Specimens including \races of minaralization. 

Test Group Bi• opecimens including small spneroids of 

residual silica. 

Test Group Cç. Specimens of pure carbonated roCk witnout 

mineralization or residual spheroids of silica. 

: '. 

. . ~ ' . ; ' . 
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