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ABSTRACT

With the increasing size and depth of the open pit mines being
constructed for the immediate future, the importance of the stability
of the pit wall can not be overemphasized. A miscalcuiation in the
performance of the wall may mean loss of 1ife, damage to property and
may produce severe financial consequences. The recognition of this
fact together with today's technological knowhow in rock mechanics has
resulted in a more economic and safety conscious open pit design. Sys-
tematic evaluation of the stability of the pits has become a part of the
mine maintenance routine work.

The Gaspe Copper Mine, a wholly owned subsidiary of Noranda
* Mines Ltd., is én open pit operation designed to go to a maximum depth
of 1,000 feet with a proposed 430 slope angle. Present development is
at the 250 foot level. It is feared that when mining progresses to a
much greater depth, a slide would occur taking with it the smelter and
the adjacent buildings.

The report deals with the stability investigation of a certain
section of the Gaspe Copper Mine's ultimate pit geometry. A total of
nine possible slip surfaces were analyzed first using the simpler wedge
analysis and then with the more exact Morgenstern-Price method. The
lowest factor of safety (for slip surface A-B-C) found is about 0.5,
indicating that the slope is unstable. Analysis of the same slip surface
A-B-C was then éxtended to a situation in which the groundwater level was
lowered from 425 feet to 1,005 feet below the surface. The factor of

safety in this case has risen to about 1.2, an acceptable condition.



CHAPTER [

INTRODUCT ION

For years engineers have been constantly facing rock slope
stability problems in their design work. However, insufficient effort
has been devoted so far to studying the influential factors and the
failure mechanisms which control the stability of these slopes. O0Often,
the design criteria for a pit wall used by the practicing engineers
were based on past experiences and rule of thumb; i.e., the slope angle
is generally taken to be between 379 and 459, and the ultimate angle of
the slope is derived from some form of trial and error during the prod-
uction period. A change of one or two degrees seems to cause insignifi-
cant effects on the economic success or failure of the project.

In recent times the continuing depletion of high grade mineral
deposits and the vast increase in raw material consumption have opened
up a new horizon for the mining industry. Ore bodies which were consid-
ered uneconomical to be developed previously have now become economically
feasible. With the advent of large-volume earthmoving equipment, open
pit mines are being planned and operated to depths and sizes that were
unheard of before. As the pit gets deeper, the angle of the slope begins
to play an important role in the profit eveluation of the operation.
Brawner (1971) indicates that for a pit 3,000 feet deep, an increase of
one degree in the slope angle represents an additjonal excavation cost of
5 to 15 million dollars. It is therefore obvious that substantial savings
can be made if one utilizes the maximum sTope angle without jeopardizing
the safety of the people working in the vicinity.

Although the costs dictate the continuation or the desertion of



an operation, the safety of the men and the equipment working in the
area remains to be the first concern in any open pit design. In
engineering the degree of safeness of a cut wall is expressed by a term
known as the "factor of safety". It is defined as the ratio of the sum
of all forces which may be mobilized for resisting failure to the sum
total of all the disturbing forces, or as the ratio of available to
mobilized shear strength. A factor of safety less than one indicates
that an unstable condition exists and that failure is Tikely to occur.
On the other hand, a factor of safety greater than one implies that the
possibility of a major catastrophe is not likely to happen. The higher
the value, the Tesser is the chance of a slide.

The evaluation of the factor of safety involves elaborate pro-
cedures. With the aid of the modern computer technological advances,
these calculations can now be performed in greater detail. The reliabii-
ity of the analysis depends a great deal on the ability to establish the
operative field shear strength and to some extent the method employed in
the analysis, as well as the ability to estimate the ground water Tevel
conditions.

Many slope stability considerations have been published in the
Titerature since Terzaghi (1962) calculated the critical height of a
vertical wall cut through solid rock. Numerous methods were introduced,
all of which make use of the principle developed in soil mechanics. Among
the more widely used methods of stability analysis on hard rock are the
wedge analysis and the Morgenstern-Price method, the latter being the more
exact method as will become obvious in subsequent chapters,

The purpose of this report is to investigate the performance
of a certain section of the Gaspe Copper Mines pit wall, as the mining

activity progresses to its maximum depth, using both the Morgenstern-Price



and the simpler Wedge Methods of stability analysis. Several potential
stip surfaces were considered and the results and recommendations are
discussed in Chapter VI.

It has been demonstrated by Muller et al (1970), Goodman et
al (1968), and many others that failures in rock slopes tend to be con-
fined to structural discontinuities, hence any rational stability analysis
requires a sound knowledge of the geological environmental factors of the
area under investigation. A description of the different factors which
influence the stability of the slope and the various measures which can
be taken to ensure a more stable condition are presented in Chapter II.
A brief review of the Morgenstern-Price Method is incorporated in Chapter
I11I. Chapter IV describes the sampling and testing procedures followed
to obtain the shear strength parameters of thé material(s) involved in the
study. Chapter V looks at the regional and local geology surrounding the
Gaspe Copper Mines and the specific features needed for a realistic con-

sideration of a possible slide.



CHAPTER 11

SPECIFIC FEATURES QOF STABILITY OF ROCK SLOPES

In a study of the stability of rock slopes, there is a

variety of features which are relevant to the accuracy of the analysis.

Among the more important ones are:

(1)

In-situ stress - Contrary to the common belief that the vertical

stress is the only dominant factor in rock mass, high horizontal
stress several times that of the vertical has been recorded {Hast
1967). This abnormally high horizontal stress coupled with the

quick response of rock to unloading, such as a pit or stripping

of overburden, causes bulging and tension cracks around the peri-
phery of the excavation; thus reducing the shear strength of the rock.

Structural discontinuities - This includes the joints, the faults

and fault zones, and the planes of weakness such as contact planes

and alteration zones. Unlike faults and fault zones, joints often

occur in sets of two that are at a right anglie to one ancther. Be-

cause of the closely spaced nature of these joints, the pattern is

rather difficult to detect with the various geophysical exploration

tools during the planning stage. Hence, trenches are required in

order to map out these joints. The orientation (strike and dip) and

the frequency of occurence of these discontinuities are statistically
determined using a graphical method commonly recognized as the stereonet,
see Fig. 1 and 2. For further information regarding the use of stere-

onet, the reader is referred to a paper by Hoek et al (1973).



1 Equal Area Stereonet

. 2 Contours showing frequency
of occurrence of joints.




Structural discontinuities affect the stability of rock slopes in

two ways:

(a) Shear strengths along the plane of discontinuity are generally
lower; consequently, the factor of safety is Tower. The reduc-
tion in shear strength may be the result of a number of circum-
stances:

(1) loss of cohesion due to the fact that the material is
fractured

(i1)  the presence of the opening allows the water to flow in
resulting in a reduction of the effective normal stress
and the shear strength

(111) alteration products filling the openings act as some
form of lubricant

(iv) large displacement as in the case of a fault reduces the
shearing resistance from peak to residual, and/or

(v) a combination of the above.

(b) Depending upon the location and the orientation of the pit
geometry, the structural discontinuities may be situated in
such a way that it enhances the possibility of a major rock

slide, Fig. 3.

Fig. 3 Significance of joints and
faults in slope stability
problems.




(3)

Groundwater condition - Water pressure reduces the effective

normal stress and lowers the shearing strength accordingly
(Morgenstern 1970). Chemical alteration due to the presence of
water also lowers the strength. Furthermore, excessive water

influx into the pit is a nuisance to the mining operation and can
become very costly if not properly corrected. Therefore, a complete
picture of whether the mine is located in a regional groundwater
discharge area or recharge area or in some intermediate area is
certainly advantageous, since without it erroneous conclusions can
be drawn with respect to the suitability of drainage facilities and
other remedial measures {Patton et al 1970).

Earthquakes - Many of the earthquake-induced landslides have seri-
ously affected mining operations in one way or another although no
actual slope failure in open pit mines during earthquakes has been
reported in the literature. In the last ten years studies into the
influence on stability were carried out by investigators like Seed
(1970), Goodman et al (1966), and others. Laboratory test models
such as a block resting on an inclined plane subjected to a series
of acceleration pulses simulate the actual behaviour of rock or soil
during earthquakes. Whitman {1970) in his investigation has dis-
covered that rockfalls begin to occur when the MM (Modified Mercalli)
intensity reaches VII, Table 1, and the frequency of rockfalls and
rockslides increases with increasing intensity. He suggests that the
expected intensity of the ground motions must be determined on a
probabalistic basis. The effect of earthquakes is entered in the

stability calculations as an external force.



Table 1 (After Whitman 1970)

ABRIDGED MODIFIED MERCALLI INTENSITY SCALE

VI

VII

VIII

IX

(5)

Felt by all, many frightened and run outdoors. Some heavy
furniture moved; a few instances of fallen plaster or damaged
chimneys. Damage slight.

Everybody runs outdoors. Damage negligible in buildings of good
design and construction; slight to moderate in well-built ordinary
structures; considerable in poorly built or badly designed struc-
tures; some chimneys broken. HNoticed by persons driving motor cars.

Damage slight in specially designed structures; considerable in
ordinary substantial buildings with partial collapse; great in
poorly built structures. Panel walls thrown out of frame structures.
Fall of chimneys, factory stacks, columns, monuments, walls. Heavy
furniture overturned. Sand and mud ejected in small amounts.

Changes in well water. Persons driving motor cars disturbed.

Damage considerable in specially designed structures; well designed
frame structures thrown out of plumb; great in substantial buildings,
with partial collapse. Buiidings shifted off foundations. Ground
cracked conspicuously. Underground pipes broken.

Blasting - There are two aspects in which blasting affects the open

pit slope stability. The first aspect being that the blast waves
produce ground motion similar to that caused by earthquakes. Secondly,
blast waves induce fracturing of rock in the vicinity of the slope.
Fracturing can be minimized by shortening the blast holes to prevent
overbreaking of rock, as illustrated in Fig. 4, and by delaying the
interval between shots detonated. Other means of controlling blasting
effects were discussed by Oriard {1971). As a general rule, for harder
rock, a 9 millisecond and longer delay interval is enough to ensure
that no energy is fed back into the peak of the waves from later delay
periods, but for softer material such as tar sand, it is necessary to
use 100 millisecond delays to stop the additive effects of one charge.
Edwards et al (1960), during their study of the effect of blasting on

buitding damage, found that there exists a good correlation between



damage and peak velocity in the disturbance. They went farther and

developed a scaling law for particle velocity versus scaled distance

of the form:
o8
W2

where, V = the particle velocity (in./sec.)
d = distance in feet from shot to observation point

charge weight in 1b. per delay

~ =
1

= constant, depending on the distribution of the
charge and the material type, varies from 45 to 450

X = varies with material type and whether the long-
jtudinal, vertical or transverse component is
being measured
Pursuing the same line of thought, Bauer et al (1970) proposed the
following particle velocity damage criteria for rock mass affected

by blasting vibrations:

(a} 10 (in./sec.) ... ..., no fracturing of intact rock

{(b) 10 - 25 {in./sec.) ....... minor tensile slabbing will occur

(c) 25 - 100 (in./sec.} ....... strong tensile and radial cracking

(dy 100 (in./sec.) ... ..., complete break-up of rock mass will occur
srsu:m\s

OVER BREARING Fig. 4 Effects of overdriiling.
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(6} Weathering - Deterioration of rock due to weathering within the
life span of a mining operation is not common. However, there are
cases reported in which newly exposed surfaces of shale have wea-
thered considerably, losing much of their shear strength in only
a few months. Shear parameters used in the analysis of these cases
must be carefully chosen. At the present, there are no said rules
on how the shear strength ought to be selected. Another phenamenon
that has to be accounted for in a stability analysis is the change
in the strength of rock with increasing depth. Given the same type
of rock, the farther away from the surface, the lesser the weathering
effect, hence the greater its strength will be. It should be noted
that in each of the above factors, time plays an important role in
degree of influence in the stability calculations. With this in mind,
perhaps the performance of a slope should be checked at regular inter-
vals so that the danger of a slide due to an unforeseen cause --
excessive rain or show, pore pressure build-up, etc. -- can be rectified.
Forms of monitoring a potential slope failure in open pits are des-
cribed by Watt (1970) and Kennedy (1971).

After the warning comes the improvement on the slope. According
to Golden (1970), stabilizing a slope is usually possible. But certain
questions must be asked in order to select the correct method of stabilization.
These are:

(a) How much stability is required?

(b} How much funding is allocated for the project?

(c) What causes the instability?

(d) For how Tong is it required?

Once these guestions are answered, it takes Tittle effort to



decide which of the available methods of stabiiization to use, i.e.:
{a) mechanical strengthening
(b} change shape of slope
(c) drainage (Hoek et al 1970)

1
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CHAPTER 111

MORGENSTERN-PRICE METHOD

Stability analyses generally fall in two categories (Krahn 1974):
(1) stress-strain analysis, and (2) limit equilibrium methods. The dif-
ference between ihe two categories lies in their approach to solving a
problem. In the stress-strain analysis, one uses the deformational prop-
erties of the material, hence the constitutive equations governing the
material behaviour must be known. In limit equilibrium methods, one
requires only that all equations of static equilibrium be satisfied, and
no assumption is made an the deformation characteristics of the material.

Given below are the principies of one of the more advanced Timit
equilibrium analyses, the Morgenstern-Price Method. A complete discussion
of the method is published in two papers by Morgenstern-Price (1965) and
(1967). This method, unlike the wedge analysis, the slip circle by Bishop
(1955) and others, or the analysis developed by Jennings (1970), places
no restriction on the shape of the failure surface, making its appiicability
most atiractive to rock slopes. The theory goes as follows:

Assuming we have:

(1) a siope surface, as in Fig. 5, defined by a line

| VT4 68 (1)
(2) an arbitrary slip surface represented by an equation
R ' (2)
(3) the position of thrust of internal water pressure
given by
Y o5 R e e (3)

{4) the line of action of the effective horizontal force
described by
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The equations (1), (2) and (4) are known, and (3) is unknown. A

schematic illustration of the above assumptions is presented in Fig. 5.

&

surface profile slip

surface |
y =y(x) Y

horizontal water
pressure
y = h(x)

~ line ot action ot
effective horizontal

force y =y (x)

Fig. 5 Schematic illustration of the assumptions.
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Consider now a vertical slice of width dx with forces acting

on the mass as shown in Fig. 6.

vy

Fig. 6 Force diagram of the slice.

In this figure, let:

E' be the lateral thrust on the side of the slice in terms of

effective stresses
Pw  be the resultant water pressure acting on the side of the slice
X be the vertical shear force acting along the side of the slice
dw be the weight of the slice
dS be the shear force acting along the base of the slice
dN'  be the effective normal pressure
o< be the inclination of the base of the slice from the horizontal
dP, be the water pressure acting on the base of the slice



15

In order to avoid rotation, the sum of the moments taken about
the center of the base of the slice must be equal to zero. By taking
moments about the mid-point of the base of the slice and proceeding to
the 1imit as dx~#0, it can be readily shown that:
de’ . d

(B ¥y) - ¥ &+

d_ dPw
dx dx

(Pw o h) - Y =g (5)
Simitarly, for conditions of equilibrium in the normal and
parallel to S directions,

dS = dE cos + dPW cos - dX sin = dPW SN tenienerniininn.. (6)

it

and

dN + dPb = dW cos - dX cos - dE sin - dPW SIN  .eeiiinniiini.n.. (7)

H

Also from the Mohr-Coloumb failure criterion (in terms of effective

stresses),

.l ,
ds = ?-[c dx sec + (dN)} tan é} ............................ (8)
where ¢’ = cohesion intercept
¢'= the effective angle of shearing resistance
F = factor of safety

But careful examination of the above equations reveals that (6),
(7), and (8) are really only one equation. Thus, we have on hand two gov-
erning equations with three unknowns, E, X, and Y{(x). Clearly one more
equation is necessary if the problem is to be statically determinate. A
generalized assumption is made that

T N Y T -3 (9)
where f(x) is specified but A must be determined from the solution, and a
computer program is written to that extent by the Department of Civil Eng-
ineering of the University of Alberta. The effect of the f(x) specification
on the evaluation of Aand F and a range of values assigned to f{x) are des-

cribed in a Ph.D thesis by James (1970). Further discussion of other special
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assumptions relating X and E forces {Bishop 1955, Janbu 1954) or the Tine

of horizontal thrust (Kenney 1956) is beyond the scope of this paper.
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CHAPTER 1V

DETERMINATION OF SHEAR STRENGTH PARAMETERS

The determination of the shear strength of the rock discon-
tinuities involves three phases: (1) obtaining samples, (2) preparing
test specimens, and (3) shear testing to derive a strength value nec-

essary for stability analysis.

Sampling Procedure

As was mentioned before, failure in rock slopes tends to be
confined to structural discontinuities. So the first step is to assess
the governing type(s) of discontinuities of the area in question. This
is accomplished by an extensive structural mapping. Upon recognizing
the controlling features, a kinematically possible sliding mechanism is
determined. Then it is possible to select the sites in which represent-
ative sampies of the critical discontinuities could be taken for labora-
tory testing. Before the sample is removed from its original position,
the strike, dip, direction of shear, location, and elevation should be
marked clearly on each specimen and recorded in the field book for future
references.

Sampling of rock is achieved in one of itwo ways:

(1) block sample, which utilizes no special equipment other than
a pick and shovel. This method is easy to perform and costs considerably
less than coring.

(2) cored sample is obtained with a masonry drill coring around
the desirable discontinuities. The method is adaptable to both surfacial
conditions and deep boreholes. It can be applied to any special directions,

places, and depths. A picture of the portable coring unit developed by the
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Department of Civil Engineering, the University of Alberta, is shown in
Fig. 7. For complete description and specification of this machine, the

reader is referred to Stewart {1274).

Fig. 7 Photograph of drilling unit used.
(from Stewart 1974)

Although coring is very versatile in many senses, the method
does have severe problems associated with anchoring and core recovery
when highly fractured sample sites are encountered. Furthermore, penet-
ration of the drill into hard igneous rocks sometimes presents a problem.
Rate of advance as Tow as 1 inch/hour has been reported (Stewart 1974).
At this rate, it implies that only one sample can be recovered per day.
Since time and money are the controlling facters in any project, block

sampling is always preferred over coring.
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Whether a core or a block, the samples would fall apart readily.
Every precaution must be taken fto preserve the specimen and the discontinu-
ity intact. It was found that by wrapping the samples in rubber sheet
foam, the breakage due to handling and transportation back to the labora-
tory was virtually eliminated,

For the particulayr mine under investigation, Gaspe Copper Mines,
since the rock was highly weathered and fractured, only the block sampling

method was employed. The largest specimen obtained was about 4" x 6".

Test Apparatus and Sample Preparation

Based on experience, the direct shear method was chosen. Testing
was to be performed on the small and large shearing machine with a constant
strain rate (0.048 inches per minute) under varijous normal pressures ranging
from 0.4 to 21 kg./cm.z. The sizes of the specimens selected for the ex-
periment were to be 2" x 2", 4" x 5", and 12" x 12",

The small shearing machine, Fig. 8, was designed and built at
the University of Alberta. It consists of (1) a dead weight lever, (2) a
shear box, (3} an electric motor, (4) a gear box, and {5) two LVDT's (Tinear
variable differential transducer) and a three hundred pound lead cell. The
machine handles sample sizes 2" x 2" and 4" x 5" and is capable of delivering
up to a maximum of 2 tons shear force. The shear load is applied to the
lower half of the shear box through a gear box chain driven assembly powered
by an electric motor, while the upper half is held in place with a load cell
attached to it. This produces a relative motion between the two halves of
the shear box along a preconceived plane. The resistance of the upper half
to the motion is measured by the load cell in terms of voltage and is later
converted to an equivalent shear force. Teflon strips are used to separate

the two halves and along the guides so as to minimize the machine friction
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generated during testing. The normal Toad is applied to the sample by a
dead weight arrangement. The horizontal and vertical movements and the
shear load were continually monitored by a digital printer which gave

the three readings at about 8 second intervals. In addition, a continuous
plot of the horizontal movement versus the shear load was recorded on an

x-y plotter.

Fig. 8 The modified shear box for the two-inch samples.
(from Krahn 1974)

The Targe machine shown in Fig. 9 is a 10-ton Wykeham-Farrance
direct shear machine, It has basically the same set-up except that,
(1) the normal Toad is applied through a load yoke by a hydraulic ram,
(2) the vertical displacements are measured at 4 corners instead of just
one LVDT at the center of the sample, (3) it can handle bigger samples {up
to 12" x 12" in size), and (4) the shear load is measured by strain gauges

rather than by load cell.

Having decided the method and the apparatus to be used, one then
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continued the prepartion of the samples. Each specimen was first

roughly cut to 1.8" x 1.8" or 3.8" x 3.8" with a diamond saw, followed

by casting it in molds with F-180 grout fast immersible cement, Teft for
curing for about 24 hours, ground to the exact size of the shear box,

and finally the sample was ready for testing. The above procedure gives
the sample a snug fit in the shear box with the plane of discontinuity
seated in the horizontal position and ensures that only horizontal forces

are being generated during shearing (Herget et al 1973).

Fig. 9 The Wykeham-Farrance shear box.
(from Krahn 1974)

Testing Procedure

The general procedure was to (1) assemble the machine, (2) place
the sample in the shear box, {3) apply the intended normal load, and

{4) position the horizontal and vertical LVDT's., Once the set-up was com-

pleted and the initial readings recorded, the shearing was initiated. With

the center of the sample as the reference position, the horizontal deform-
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ation continued until a displacement of 0.25" was reached. At this point,
the machine was stopped and reversed. Shearing continued in the other
direction until it had reached 0.25" past its reference point. The motion
was then stopped again and brought back to the original position. This
constitutes one complete testing cycle under one normal load. The pro-
cedure was repeated on the same specimen under various increasing normal

Toads.

Analysis of Test Results

Each specimen was tested under 4 or 5 different normal loads.
With each normal load, a shear load versus horizontal displacement curve
and a vertical versus horizontal displacement plot were obtained. From
the information furnished by these curves and with proper friction cor-
rection, a third graph - shear stress versus normal stress - was constructed
for each specimen. 1In this third graph, the angle of inclination of the
line represents the friction angle of the matter and the y-intercept repre-
sents the apparent cohesion of the material.

The construction of the shear stress versus normal stress goes
as follows: Given the typical results, Fig. 10 and 11, of a sample GBXX

with a surface area A, shearing under a normal load N, the maximum shear

force is taken as the peak value of the first 0.25" displacement curve.
Dividing the maximum shear force by the corresponding corrected area Ac
and the normal load by the corrected area Ac gives the maximum shear stress,

Trax, with the corresponding normal stress, On.

R R R original area .......oeiviennn. (1)
Ac = (L -AXY*W .......... corrected area . ......iieven... (2)
' _ Fmax
Tmax = '""—A—C“ .................................................. (3)

On = %E- .................................................... (4}
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By repeating the same procedure over the entire range of normal load and
plotting Tmax versusBh, one ends up with a graph similar to Fig. 12. The
friction angle determined is the maximum friction angle designated as gmax.
Similarly the same can be done with the residual force, Fres,
taken as the average value at zero deformation, AX = 0. The friction angle

obtained in this case is the residual friction angle designated as gres.

F1 + Fo
Fres = e (5)
gmax = tan-! {Z%ﬁx ....................................... {6)
Alres
gres = tan-l  ABMT L. e (7)

SHEAR FORCE
(kg)

025" ..,15 AX b 025"
HORIZONTAL _
DISPLACEMENT

Fig. 10 Typical results of a test recorded in the x - y plotter,
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VERTICAL

-

DISPLACEMENT (mm)

025" 025"
HORIZONT. AL,
DISPLACEMENT
Fig. 11 Typical example of a displacement curve.
A%
£
0| =
m P
] L
& /Q/ “"Bres
_[..- e e PROK
¢ gz g —— residual
i . .
o .
NORMAL STRESS
On {kg/cm?2)
Fig. 12 Graph showing how the strength parameters are determined.
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CHAPTER V

CASE HMISTORY - GASPE COPPER MINES

Regional Geology

The Gaspe Peninsula, situated in the eastern part of Quebec
province, is about 150 miles long (in the east-west direction) and 75
miles wide. It is bounded northeast by the Gulf of St. Lawrence and on
the south by the Bay of Chaleurs. Physiographically and geclogically,
Gaspe is part of the northeastern trending Appalachian Mountain system,
which extends from Alabama to Newfoundland.

The geology of the area is comprised of three belts, all of
which run para]?eT to the longer axis of the peninsula, Fig. 13. The
northern belt, consisting of easily eroded shale and 1imestone, is under-
1ain by rocks of both the Ordovician and Cambrian age. The central belt
is a strip of 20 - 35 miles wide ~- Central Gaspe Basin -- underlain for
the most part by Silurian and Devonian sedimentary rocks. Some granite
intrusions and volcanic rocks occur in the north-central part of this belt.
The southern belt is characterized by the overlapping flat-lying Carbon-
iferous conglbmerate, the Bonaventure formation. In all the three belts,
there is evidence of at least one volcanic activity occuring during the
geologic ages. All the rocks, except those of the Carboniferous age, have
been folded and faulted by the mountain-building movements which took place
at the close of the Ordovician time (Taconic revolution), at the end of the
Lower Devonian (Shickshockian or Acadian revolution), and again after the
end of Devonian sedimentation, Jones (1942).

Mineral deposits are found in several parts of the Gaspe Peninsula.
A common feature that has been observed in these deposits is that they occur

along planes of bedding, jointing, cleavage, contact, and along fractures,
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forming a network of closely spaced discontinuous veinlets. These net-
works have been traced for lengths varying up to more than half a mile,
and widths up to more than 20 feet. Depths extending well over 500 feet
have been discovered in regions of high relief.

The chief metals being mined in this peninsula are lead, zinc,
and copper. Other minerals such as gold, silver, iron, molybdenum, anti-

mony, chromite and asbestos are also recovered as bi-products.

General Information

The Gaspe Cdpper Mine, a wholly owned subsidiary of Noranda

Mines Ltd., is Tocated in Murdochville, Quebec, some 20 miles southeast

of Mont-Louis and 20 miles west of Bald Mountain (see Fig. 14). The mine
came into production in April 1955, producing mainly copper with molybdenum,
gold, and silver as bi-products. Estimated ore reserves as of December 31,
1972 were 285,018,000 tons, grading 0.49% copper per ton. Present prod-
uction capacity is set as 34,000 tons of sulphide ore per day. Current
developments on the pit have advanced to the 250 foot level of the proposed

1000 foot deep ultimate pit.

Local Geology and Discontinuity

The geology of the particular section of the Gaspe pit under in-
vestigation, as deduced from the information supplied by the mine office,
consists of the Grande Greve Formation overlying the Cape Bon Ami Formation
(see Fig. 15). A dyke, 900 feet wide, cuts vertically across the Formation
causing alteration zones to both sides of the dyke. Seated to the right of
the dyke and immediately above the altered rock is a zone of weathered mat-
erial, generally called oxides. For simplicity the two Formations, the
Grande Greve and the Cape Bon Ami, and the altered rock are referred to as

limey quartzite and skarn respectively. Structurally, there are two major
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sets of joints, dipping at 22° and 86°, which affect the overall stab-
ility performance of the pit wall. A radial cross-section along S 130 W
of the pit illustrating both the rock types and the structural discon-
tinuities is shown in Fig. 16a and 16b. The corresponding shear strength

parameters of these rocks are summarized in Table II.

Stability Analysis

Twe methods were used in the stability analysis of the slope,
(1) the Morgenstern-Price Method, which was described in Chapter 111, and
(2) the wedge analysis.

The wedge is based on the following simplifying assumptions:

(1) The sliding block behaves as a rigid body.

(2) Sliding occurs only along the subhorizontal joint set
(inclined at 229).

(3) Water pressure is distributed along the failure surface
as shown in Fig. léc.

(4) Where more than one rock type is encountered, a weighted
average of the friction angle is used.

Hence, for a unit thickness, the safety factor derived is:

_ S
F.S. = i

"

where S [N - Up - Uy cos (86 —o(P)] tang + ¢ x 1

)
it

T + Up sin (86° -=0)

S is the sum total of the resisting shear force
D is the sum total of the driving force

N is the component of weight (W) of the rock mass
acting normal to the slip surface { = Wcoset)

T is the component of weight of the rock mass acting
parallel to the slip surface { = Wsine)

Uo and Uy are the resultant forces exerted by water
C is the cohesion

1 is the length of the sliding surface

o< is the inclination of the sliding plane



¢ is the friction angle (where two materials are
involved, a weighted average is used)

F.S is the factor of safety
The results of the wedge and Morgenstern-Price analyses are
presented in Table III and IV respectively. Table V summarizes the
Safety factors derived from the two methods. Calculations and other

pertinent information are given in the Appendix.
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Table I¥  Results from Morgenstern Price method

't
FACTOR OF SAFETY FACTOR OF SAFETY
FAILURE
SURFACE GROUNDWATER TABLE GROUNDWATER TABLE l
AT 423 FEET BELOW | LOWERED TO 1008
THE SURFACE, FEET,
A-B-C 054 I-18
©
: 1I
1%
u M-N-0 -4 -8l
w
N
©
w
i R~ R 1135 — *
r | Ci-Cz-Ca-Ca 390 — I
: I
w
1]
W1 G- Cp GGy 334 — Jl
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CHAPTER VI
DISCUSSION

Nine possible slip surfaces were investigated using either
the wedge analysis or Morgenstern-Price method or both. The factors
of safety estimated from the two methods are in reasonable agreement.
As was expected, the resulis obtained from the wedge analysis are
lower; i.e., on the safer side. Hence, implications are, for rock
slopes where discontinuities play an important role and where the
entire rock mass moves as one rigid body along a planar surface as is
usually the case, a simple wedge analysis will suffice provided that

the pore water pressures are properly accounted for.

.CONCLUSION

As seen in Table V, the pit wall is unstable unless the
water Tevel would be sufficiently drawn down. Qtherwise, rock slide
will occur possibly along a plane between the A-B-C and D-E-F surfaces.
It is also shown that by lowering the groundwater table from its original
Tevel at 425 feet below the surface to 1,005 feet, the stability condition
of the slope is considerably improved. Hence, it is therefore advisable
that drain holes be drilled all around the pit wall as the development

progresses to its final depth.
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