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THE PIT SLOPE MANUAL

The Pit Slope Manual consists of ten chapters, published separate-
ly. Most chapters have supplements, also published separately.
The ten chapters are:

Summary

Structural Geology
Mechanical Properties
Groundwater

Design

Mechanical Support
Perimeter Blasting
Monitoring

Waste Embankments
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Environmental Planning

The chapters and supplements can be obtained from the Publications
Distribution Office, CANMET, Energy, Mines and Resources Canada,
555 Booth Street, Ottawa, Ontario, K1A 0G1, Canada.

Reference to this supplement should be quoted as follows:

Martin, D., Piteau, D. and Herget, G. Pit Slope Manual Supplement
2-5 - Structural Geology Case History; CANMET (Canada Centre for
Mineral and Energy Technology, formerly Mines Branch, Energy,
Mines and Resources Canada), CANMET REPORT 77-24; 29 p; Dec. 1977.



SUMMARY

Geological mapping of an 1iron ore pit was
carried out over a four month period in the summer
of 1973. The bulk of the field work consisted of
Tithological classification, detailed line mapping
of minor and major structural discontinuities with
the Discodat System and plane table mapping of
major structural discontinuities.

About 25,000 ft (7600 m) of detailed line
mapping were carried out covering the northern and
eastern sections of the pit. Only joints greater
than 12 ft (4 m) in trace length were recorded.

Plane table mapping was done with a
telescopic alidade and a large drafting table was
set up at three strategic points in the pit where
major structures could easily be seen. These were
Tocated by sighting on the intersections of the
structures with the toe and crest of the pit slope
benches, and plotting on the 1 in. = 50 ft (1:600)
‘mine plan.

Geological controls, such as major faults

and marked changes in 1ithology, were utilized as

the basic criteria for fourteen

preliminary structural

selecting
domains. Five final
structural domains were determined by comparing
the orientation of minor discontinuities.  Four
joint sets were described as to tracelength,
spacing, waviness and groundwater occurrence.

The pit was divided into seven design
sectors based on structural domains and straight
slope segments. Within each design sector, kine-
matically possible modes of instability were
identified with respect to the orientation of
major discontinuities and joint sets.

This identified the following combinations
of structural discontinuities to be critical for
design in the various areas of the pit:

a. major faults and cross joints on the north side

b. foliation joints on the south side

c. longitudinal joints and cross Jjoints on the
east side of the pit.
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SUMMARY

Geological mapping of an dron ore pit was
carried out over a four month period in the summer
of 1973. The bulk of the field work consisted of
1ithological classification, detailed 1ine mapping
of minor and major structural discontinuities with
the Discodat System and plane table mapping of
major structural discontinuities.

About 25,000 ft (7600 m) of detailied 1ine
mapping were carried out covering the northern and
eastern sections of the pit. Only joints greater
than 12 ft (4 m) in trace length were recorded.

Plane table mapping was done with a
telescopic alidade and a large drafting table was
set up at three strategic points in the pit where
major structures could easily be seen. These were
Tocated by sighting on the intersections of the
structures with the toe and crest of the pit siope
benches, and plotting on the 1 in. = 50 ft (1:600)
mine plan.

Geological controls, such as major faults

and marked changes in lithology, were utilized as

the basic criteria for selecting fourteen
preliminary structural domains. Five  final
structural domains were determined by comparing
the orientation of minor discontinuities. Four
joint sets were described as to tracelength,
spacing, waviness and groundwater occurrence.

The pit was divided 1into seven design
sectors based on structural domains and straight
slope segments. Within each design sector, kine-
matically possibie modes of instability were
identified with respect to the orientation of
major discontinuities and joint sets.

This identified the following combinations
of structural discontinuities to be critical for
design in the various areas of the pit:

a. major faults and cross joints on the north side
b. foliation joints on the south side
¢. longitudinal joints and cross Jjoints on the

east side of the pit.
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INTRODUCTION

1. A detailed investigation of the structural
geology of the hanging wall side of the Hilton
mine open pit was conducted to delineate areas
which could become subject to possible stability
problems as the mine was deepened.

2. Instability of slopes in hard rock occurs
because of failure along structural discon-
tinuities such as foliation, Jjoints, geological
contacts, faults, etc. The most important single
factor in stability analysis and design of rock
slopes is therefore to determine location,
orientation and other significant properties of
discontinuities in the slope.

3. The study involved analysis of major dis-
continuities and Jjoints to define structural
domain boundaries and joint sets. Design sectors
were delineated where slope geometry and
structural geology are similar., Parameters con-
sidered in the structural analysis included orien-
tation, size, spacing, waviness, rock hardness,
and groundwater flow. Consideration was given to
genetic and age relationships and to the question
of extrapolating geological information with
depth.



REGIONAL GEOLOGY

4. The Hilton mine is situated in the Ottawa
River low land which is underlain predominantly by
Precambrian basement rocks, the oldest of which
are gneisses, quartzites and 1limestones of the
Grenville Series. The Grenville rocks have been
intruded by acidic and basic rocks and are
overlain in several areas by flat-lying Paleozoic
limestones, shales and sandstones. Pleistocene
formations consist of till, sand, gravel and
marine clays.

5. Most of the Grenville rocks have well
developed gneissdsity which strikes predominantly
northeast and dips steeply southeast. The
formations appear tightly folded along northeast

trending axes. The folds are regional and have
been deformed by continued
igneous intrusions (1). Folding is difficult to

recognize - in the areas of heavy overburden near

metamorphism  and

the mine, but drag folds were seen in the
Timestone and in ore in the pit.

6. The Hilton orebody occurs in rock somewhat
less metamorphosed than the usual Grenville rocks
in the area but are the same as the rest of the
Grenville Series. The eastward trend of the
Bristol beds, quite different from the regional
trend, indicates that they were in a place that
was protected from the more 1intense metamorphism
that affected the rest of the area (1).

PIT SITE LITHOLOGY

7. The Hilton orebody consists of lenses and
beds of magnetite and associated gangue minerals
in a sequence of highly faulted Grenville meta-
sediments which have been intruded by granite and
granodiorite,
setting. The intrusions
metamorphism of the metasediments and altered some
of  the
amphibolite

producing a complex geological

caused contact
metasediments to  amphibolite and

skarn, which in turn provided

favourable sites for the deposition of ore from
hydrothermal solutions.

8. The ore zone is about 500 ft (152 m) wide
and 2500 ft (760 m) long. It is roughly tabular
and is conformable with the enclosing metasedi-
mentary rocks, striking approximately east-west
and dipping 55°N. The ore zone narrows and
appears to pinch out at either end of the deposit.
Exploratory drilling dinformation dindicates that













STRUCTURAL GEOLOGY OF PIT SITE

FAULTS A concern to adjust the slope angles. The dominant

20. Faults extent in most cases over 100 ft set of faults and associated shears strike north-
(30 m) and are classified as major discontinui- south and dip between 55 to 65 degrees to the east
ties. This means they are mapped individually and as indicated in Fig 1 and in the lower hemisphere
if critically orientated would cause sufficient of the equal area net of Fig 4(a). Another obvi-

B
(1470 0BS)

c
(440 OBS)-

+

D(9il 08BS)

! e \A (882 0BS)

Contours

—_—— = > 2%
> 5%
- > 10 %
(G) — > 15 % (b)
— > 20% L. .
108 fault observations ——— > 25 % 3503 joint observations

Fig 4 - Equal area net of lower hemisphere showing major faults (a)
and joints (b) for pit area.
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about 40° going from a strike of 90° on the west
side to about 130° on the east side of the pit.
27. Folding of compositional layering was map-
ped in ore and but the quantity and
magnitude of minor folds were not

Timestone,
sufficient to
obtain a relationship to major folds 1in the area.
Axial of minor folds, however, could be
traced for as much as 3 ft (0.9 m) in some cases.

Fractures parallel

planes

to compositional layering have

pronounced undulations - as do several major
faults, especially the Southwest fault.
GEOLOGICAL CONTACTS

28. Geological contacts occur between
intrusive or metamorphic rocks or both. Contacts
between metamorphic rocks are generally
comformable with the compositional Tayering.

Contacts of intrusive dykes have a general
north-south trend and westerly dip varying from
20° to 70°.

29. Healed contacts
and for engineering purposes appear relatively
insignificant with respect to stability. On the

are generally irregular

other hand, open contacts are generally damp and
contain infillings which vary depending on the
type of wall rock. Serpentine and amphibole are
" common oh all contacts. Other minerals found are
calcite, mica, and pyrite.
30. The length of
considerably. Continuous
on the south wall where the host rock occurs as

contacts varies

contacts are prominent
elongated lenses between extensive granite dykes.
On the south wall, these contacts are important to
stability of the slope.
in 1972,
granite and host rock

In a major wedge failure
for example, one such contact between
formed one plane of the

wedge.

MINOR DISCONTINUITIES
31. The term minor discontinuities

has no ge-
netical significance and comprises all relatively
short and frequently occurring systematic frac-
tures like joints (extension fractures) or shears
or those following compositional layering. Minor
discontinuities are described in regard to orien-

tation, size, spacing, waviness, groundwater, and




wall  rock hardness. A summary 1is given in net (peak) do not always agree. If a minor dis-
Table 1. continuity set conforms to a spherical normal
distribution or Fisher distribution, then the
Orientation
32. At first fourteen preliminary structural
domains were chosen based on major faults and Table 1: Summary of minor discontinuity properties
distinct changes in 1ithology. Measurements of
orientation were carried out with a clino rule. A Sets A B ¢ D
plot of all observations 1is given in Fig 4(b)
. Orientation
which clearly shows the exjstence of four m 682 1470 440 o
prominent sets as described below. Peak concentration  094/46N 014/75E 130/25SH 171/60E
33. Set A: foliation fractures which consist Fisher mean 093/55N 020/84E 136/265W 165/59E
of all fractures formed parallel to the composi- 95% confidence (°) 1.3 1.0 1.1 0.9
tional layering of the metamorphic rock sequence; 99% confidence (°) 1.7 1.3 1.4 1.1
this set 1is very dominant and has an average R/N 0.34108 D.94642 0.97317  0.96614
K 16.9 13.6 37.2 9.5

strike and dip of 093/55N throughout the pit.
34 Set B: cross joints which dip steeply,
approximately normal to the hanging wall face and Spacing (ft)

perpendicular to joint set C. These form angles No. of obs. 386 1072 253 594
between 70 and 77 degrees to the compositional Mean (ft) 5.4 7.0 3.5 6.9
layering and angles between 72 and 86 degrees to Standard dev. 6.3 7.4 3.2 7.1
set C. The mean orientation of this set is
020/84E. The fractures of set B are generally not Haviness
No. of obs. 162 326 66 180

as continuous and appear to terminate at those of Mean ILA® 167 169 169 173
set C. Standard dev. 8.4 7.6 5.9 7.8

35. Set C: Tlongitudinal fractures which dip
moderately and form high angles with the composi- Groundwater
tional layering of set A and are approximately at No. of obs. 682 1466 438 907
right angles to the cross joints of set B. These Most frequent class 3.5 3.8 3.9 4.0
fractures have an average attitude of 136/26SW. Hardness
Due to their orientation they have resulted in No. of obs. 682 1470 240 011
some stability problems on the hanging wall and Most frequent hardness 3.9 4.1 4.0 4.0
their orientations are independent of the 40° Standard dev. 0.6 0.6 0.6 0.6
clockwise rotation of the metasediments from one
side of the pit to the other.

36. Set D: these are fractures formed in Size in feet Number of observations per

T . . minor discontinuity set

association with faulting and shearing and A B c 0
appear to be the youngest in the pit. As they
consist of shear and feather fractures, a wide 2 ft - 6 ft 1 3 0 1
range of orientations is to be expected. In 6 ft - 20 ft 27 43 6 24
comparing the equal area plots of the faults 20 ft - 6D ft 644 1400 424 870
in Fig 4(a) and the minor discontinuities in 60 ft - 200 ft 8 21 8 n
Fig 4(b) it can be seen that the fractures Total 680 1467 438 906
conform  with some of the main fault
trends.

37. The vector mean orientation and the high-
est concentration in the cluster on the equal area



vector.mean of the distribution should correspond
the distribution
centre on the net, and the density contour Tines
should be Lack of data
and sampling bias and poorly defined population
boundaries allow 1in most cases only a close

to the peak concentration, ie,

uniform about the mean.

approximation.

38. By rotating the mean of the discontinuity
set to the centre of the equal area net and main-
taining other portions of the distribution in
their relative positions, ie, by rotating along

Joint set A
(682 0BS)

>25%

Joint set C
(440 0BS)

10

small circles of the net, a representation of the
set can be obtained which is not affected by dis-
tortion of the equal area net and a judgement is
possible as to the fit of a spherical normal dis-

tribution. In the numerical analysis, the
"Fisher" mean of the vectors was used for rotation
to the centre of the net.
sets are shown in Fig 8.
39. Some skewness of the discontinuity sets is
evident in sets A, B and D, whereas set C is rela-

tively conformable with the expected concentric

N
Joint set B
(1470 0BS)

Joint set D
(911 0BS)

Fig 8 -~ Fisher mean and mode of joint sets in the pit area.

The replotted joint



distribution. Skewness can possibly be explained

as follows:

a. The effect on set A of minor folding and
rolling of the foliation is evident throughout
the pit;

b. Maxima B and D probably consist of sub sets (B]
and B2) and (D1
different

morphic rocks

and D2) due to anisotropy and
strength properties of the
with the

meta-

compared intrusive
rocks.

c. Uncertainty of distribution boundaries of the
sets due to the overlap between sets B and D;

d. Directional bias of measurements taken in the
field;

e. Discontinuity distributions may not fit the

rotationally symmetric Fisher Distribution and

a better fit may possibly be obtained with

other distributions.

Lithological Control of Minor
Discontinuity Orientation

40. To determine the
the orientation

1ithological control of
with
rocks in

of minor discontinuities
respect to the metamorphic and intrusive
the pit, separate equal projections of
fractures occurring in these rocks were compared
in each of the 14 preliminary structural domains.
41. The results indicated that in
stances there are small differences between
that occur in the metamorphic rocks
the instrusive materials.
ie, those parallel to the
are about 10° steeper in

area

some in-
the
means and
those occurring in

Fractures of set A,
compositional layering,
the

This variation in orientation is probably due

in the metamorphics.
to

compositional

intrusive vrocks than

the anisotropy resulting from the

layering in the metamorphic rocks. Similar
variations are also noted in sets B and D.
Variation of Minor Discontinuity
Orientation with Depth

42. For purposes of evaluating variations of

fracture orientations that may exist from the top
to the bottom of the pit on the hanging wall,
those fractures the west side of the Central
Fault Zone were compared with those on the east

on

11

side. For the individual bench  Tevels,
preliminary structural domains 1 and 2 were
combined on the west side and 3, 4 and 5 on the

side. Details concerning orientation and

A, Cand D are

east
number of observations
given in Table 2.

43.
rotation with regard to
any of the sets 1in
bottom of the pit.

44, However, with
development of the sets,

for sets
The results indicate no obvious pattern of
either strike or dip of
going from the top to the

respect to the degree of
it appears that set C is
better developed on the east side of the Central
Fault Zone than on the west side. If one assumes
that variation in minor discontinuity frequency is
changes lithology, certain
be made which might
structure at depth.

45, As the of 200 ft (60 m) of the
Central Fault Zone is to the east, it would appear

that joints below the existing benches

due to in useful

correlations can indicate
downthrow
mapped on
the east side of the pit, will be similar to those
already exposed and mapped on the west side. In
other words, the average frequency of set C, which
is unfavourably oriented with respect to stabil-
ity, should decrease on the east side.

Dip Variation of Set C in the Hanging Wall

46. Figure 9 is a plot of the average dip of
set C  in  the vgrious preliminary
domains in the hanging wall.
the average dip

structural
It can be seen that
is greater by about 15° in pre-
lTiminary domains 2, 3 and 4 compared with prelim-
inary domains 1, 5 and 6. These vresults would
indicate why set C has tended to contribute to
stability problems the hanging wall slope in
preliminary structural domains 2, 3 and 4.

in

Local Minor Discontinuities

47. The compilation of all measurements of
minor discontinuities into one plot was useful for
a general overview of the pit site. But this
ignored significant differences and the previously

selected 14 preliminary structural domains were
structural The
1imits of each set within each domain were defined

on the equal area

grouped into five final domains.

net by a range in dip direction
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Table 2: Set orientation on the hanging wall, west and east of central fault zone

Preliminary structural domains 1+2 Preliminary structural domains 3, 4, 5

(west side of pit) ° E . (east side of pit)
Qle
Bench Obs Set A Set C Set D Obs Set A Set C Set D
level ' q L
1250 46 088/44N(6) (-) 161/64E(10)
1118 201 086/51N(3) 141/20S4(2) 165/55E(11) | 162 097/486N(2) 147/458K(2)  172/60E(6)
1052 199 081/46N(4) 140/2854(3) 156/54E(9) =%y 267 (-) 170/204(4) 170/63E(9)
986 189 090/47N(4) 147/25S4W(2) 173/54E(10) | 262 62/54N(2) 143/245K(6)  172/59E(8)
920 183 066/48N(3) 123/4854(2) 165/55E(12)
821 198 091/47N(4) 130/37SW(1) 168/52E(8) »177 096/57N(5) 151/30SK(6)  16B/65E(7)
755 94 097/46N(4) 153/175W(2) 175/62E(7)
Note: 1) Set A: fracture set developed parallel to compositional layering of metasediments.
Set C: moderately dipping cross fractures approximately parallel to hanging wall and
dipping toward pit.
Set D: steeply dipping fractures associated with shearing and faulting trends.
2) Fracture set orientations given as strike, dip and general direction of dip (eg, E = east);
the number in parentheses ( ) indicates the peak concentration of the population in
the equal area net.
3) (-) implies no fractures of the set were mapped in that structural domain.
4) No entry indicates an inaccessible bench.

601
504 -
40-
30-

K . /"

204

Mean dip of joint set C {degrees)

10

14 1 I 121314 5 I 6 I
WEST Structural sub-areas EAST

Fig 9 - Dip variation of joint set C in the hanging wall.



and dip. Because sets B and D occur close

together on the net, it was not possible to define
the exact boundary between them, and some overlap

13

distributions. The T1limits of the sets are shown
in Table 3.
48. The five structural domains are shown on

resulted. This overlap may have skewed the Fig 10 and comprise the following preliminary
Table 3: Ranges of dip direction and dip for various sets
Set A Set B Set C Set D
Final Preliminary Dip Dip Dip Dip Dip Dip Dip Dip
domains domains direction direction direction direction
ANl 332°-360° 30°-82° 84°-144° 60°-90°  180°-270° 6°-45° 45°-96° 36°-76°
observations 0°-33° 264°-324° 60°-90°
D1 1,2 332°-360° 28°-88° 89°-134° 65°-90°  186°-246° 4°-60° 35°-89° 12°-74°
0°-24° 266°-320° 58°-90°
D2 3,4,5 337°-360° 36°-72° 91°-158° 70°-90°  192°-298° 0°-40° 26°-114° 30°-76°
0°-18° 260°-336° 60°-90°
D3 6,7 345°-360° 19°-71° 98°-163° 78°-90°  176°-284° 4°-56° 68°-120° 42°-80°
0°-52° 277°-338° 65°-90°
D4 8,9,10,11 328°-360° 20°-80° 98°-159° 76°-90°  167°-249° 10°-60° 63°-119° 26°-76°
0°-52° 273°-319° 66°-90°
D5 12,13,14 320°-360° 28°-80° 97°-154° 56°-90° - - 42°-97° 38°-80°
0°-31° 262°-315° 70°-90°
§ ]
S\ 500N
% X ¥

190 Q 100 200 Fest
R e
= STRUCTURAL DOMAINS

Boundarios

and number

SUBAREAS

Apprex. Scale

Beundartes ~=——~
and numbar @

Fig 10 - Structural
Mine pit.

domains and

ncm
A ON

@

SYMBOLS

Joint sets  a.8,c.0
Joint orientatien given in lower
hamisphare of equal area net

PIT GEOMETRY
Bonch leval us4,t2se ste.
Pit crast

as percent af tetal weight proposgd — — —
occuring in o ong percant area existing
Centour values — >5% ——>i5%
>10% —=- >20%
———>25%
orientation of joint sets of Hilton



structural domains:

Final Domains Preliminary Domains

DT 1,2

D2 3,4,5

D3 6,7

D4 8,9,10,11
D5 12,13,14

Orientation in Final Domains
49. The
examined for each domain.

orientation of wminor discontinuity
sets was Equal area
plots of sets 4in each domain are shown in Fig 10
and orientation data are summarized in Table 4.
The analysis was carried out assuming that the

sets fit a spherical normal distribution or Fisher

14

The vector mean of orientation,

distribution.

confidence 1imits of the mean, and dispersion
parameters for each set are given. Descriptions
of the properties of the spherical normal

distribution are given in the main text of the

structural chapter.

Size

50. It can be seen in Table 1 and the more de-
tailed
mapped
length, ie,

Table 5 that most minor discontinuities

20 and 60 ft (6 - 20 m) in
than
only fractures greater than

are between

less one bench height. Since
12 ft (3.6 m)

mapped, a complete sample of the range of sizes

were

was not obtained and no attempt was made to carry

out an analysis on the basis of a negative normal

Table 4: Orientation data of minor discontinuity sets A to D
Set Domain Number Peak orientation Mean orientation of Variation of Resultant Concentration
of obs. Strike Dip Fisher distribution Fisher mean (°) vector / parameter (K)
Strike Dip 95% 99% observations
) confidence confidence (R/N)
D1 134 088 51N 084.9 57.2N 2.9 3.7 94518 18.1
D2 46 094 49N 089.7 54.4N 3.6 4.5 .97240 35.4
D3 272 101 43N 104.8 50. TN 2.0 2.4 .95041 20.0
D4 128 098 40N 107.6 57.5N 3.5 4.4 .92648 13.5
A M4 65N
D5 106 094 56N 082.8 58.1N 3.5 4.3 .93977 16.4
Al1 observations .
of set A 682 094 46N 093.2 55. 4N 1.3 1.7 .94108 16.9
D1 204 012 72E 009.1 56.0E 11.4 14.1 93123 1.7
D2 272 016 80E 025.9 89.5E 2.2 2.7 .93744 “15.9
B D3 364 D27 884 033.9 85,50 1.8 2.2 94611 18.5
D4 93 024 90 026.7 88. 50 3.1 3.9 .95748 23.3
D5 80 023 76E 027.4 82.1E 4.0 4.9 97 16.9
Al1 observations
of set B 1470 D14 75E 20.0 84.3E 1.0 1.3 .94642 13.6
D1 q4 133 21sH 127.4 34.15H 3.9 4.9 .95434 21.6
D2 104 158 300 148.4 24.8u 2.2 2.7 .97641 42.0
c D3 293 121 2554 136.8 26, 35H 1.6 2.0 .96341 27.2
D4 | 32 122 33sH 123.9 34,654 5.6 7.0 .95508 21.6
D5 - - - - - - - -
A1l observations
of set C 440" 130 255W 136.3 26.15M 1.1 1.4 .97317 37.2
D1 356 164 54E 158.7 51.1E 1.6 2.0 .95354 21,5
D2 " 343 174 62E 165.7 60.3E 2.0 2.4 .93742 15.9
D D3 320 176 65E 004.3 56,4E 1.4 1.8 .96754 30.7
D4 116 167 66E 004.7 56.9E 2.6 3.3 .96185 26.0
D5 47 160 62E 163.8 58.5E 4,2 5.2 .96188 25.7
A1l observations
of set D 911 171 60E 165.3 59.1E 0.9 1.1 .96614 9.5
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Table 5: Properties of minor discontinuity sets
Set Domain No. No. of observations Spacings Waviness Groundwater Hardness
set of fracture size (ft) No., Mean  S.D.* No. Mean S.D. of No. Mean S.D. No. Mean S.D.
obs. 2-6 6-2D 20-60 60-200 of space of  interlimb dnterlimb of of
obs. (Ft) obs. angle (°) angle obs. obs.
D1 134 © 5 128 1 71 4.3 6.6 44 168 7.6 134 3.7 .80 134 R3.8 .67
A D2 46 0 0 43 3 18 4.9 5.0 12 169 7.3 46 4.1 1.1 46 R3.9 .61
D3 266 O 2 263 1 158 5.3 5.7 55 168 9.2 272 3.6 .89 272 R3.8 .63
D4 128 1 7 120 0 81 6.4 7.0 23 165 9.1 128 3.1 .53 128 R4.1 .67
D5 106 0 7 97 2 73 4.8 5.7 23 165 10.1 106 3.1 .72 106 R3.9 .61
A1l set ABBO 1 27 644 8 386 5.4 6.3 162 167 8.4 682 3.5 .89 682 R3.9 .64
D1 206 0 12 191 1 127 8.8 8.9 54 168 7.6 204 4.0 .97 204 R4.1 .53
B D2 272 0 261 3 191 7.4 6.9 66 169 7.6 272 4.2 .97 272 R4.2 .53
D3 364 0 3 354 7 238 7.4 7.6 69 169 7.1 363 3.6 .98 364 R4.0 .58
D4 93 0 6 86 1 49 8,7 9.2 16 167 3.3 93 3.1 .47 93 R4.1 .58
D5 79 0 8 al 0 60 6.8 8.7 17 174 5.1 79 2.9 .36 80 R4,0 .54
A1l set B 1467 3 43 1400 21 1072 7.0 7.4 32 169 7.6 1466 3.B 1.0 1470 R4.1 .5B
D1 64 0 2 61 1 22 7.2 5.7 1 165 5.8 64 3.9 .88 64 R3.9 .64
C D2 105 0 1 99 4 65 3.2 2.8 8 173 6.2 104 4,3 .81 104 R4.1 .36
D3 290 0 4 282 4 189 3.5 3.3 46 170 4.9 291 3.7 .89 293 R4.0 .62
D4 32 0 2 30 0 n 5.0 6.2 5 174 B.2 32 3.3 .87 32 R4.4 .56
D5 - - - - - - - - - - - - - - - - -
A1l set C 438 0 6 424 8 253 3.5 3.2 66 169 5.9 438 3.9 .83 440 R4.0 57
D1 345 1 16 324 4 267 6.1 6.4 59 171 8.1 356 4.0 .95 356 R4.0 .61
D D2 339 0 4 329 6 256 6.3 6.4 88 172 B.0 342 4,3 .94 343 R4,1 .53
D3 318 0 2 312 4 192 7.0 6.3 75 170 B.4 317 3.7 1.001 320 R3.9 .60
D4 116 2 2 112 0 68 6.B B.3 16 167 7.8 116 3.3 .64 116 R4.1 .59
D5 47 0 3 44 0 22 4.2 4.2 10 17 5.5 46 3.2 .91 47 R3.8 .45
All set D 906 1 24 870 11 594 6.9 7.1 180 173 7.B 807 4.0 .9B 911 R4.0 .58

*5.D. = standard deviation

distribution.
51.
size of minor discontinuities in each

A clear distinction between the average
set was not
Field observation indicated that dis-
set A and D tend to
developed and generally longer than those of sets
B and C.

observed to be shorter than those of set C.

possible.

continuities of be well

In general, fractures of set B were

Spacing

52. The mean and standard deviations for
spacing are shown for each set in Table 1 and
Table 5 based on the negative exponential
distribution.

53. The standard deviations of the mean are
quite high due to the possible large error intro-

duced by correcting for bearing of the traverses

in relationship to strike of the minor discontinu-

ities. An example is given in Fig 11 for set A.
Waviness

54, Measurements of waviness angles were
plotted 1in histograms as shown in Fig 12. Mean

and standard deviations of interlimb angles for
the four sets are given in Table 1.

55. only measured for about 20
per cent of the mapped discontinuities. Those for

which it was not measured were either irregular or

Waviness was

inaccessible.

56. Variations in the average waviness of sets
in different zones may be related to different
quality of exposures. Fractures of set A are much
better domains D4 and D5, and
accordingly the waviness is much better defined in

exposed 1in
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TOTAL NO. OF DISCONTINUITIES = 682
FREQUENCY TABLE FOR VARIABLE SPACING
TOTAL NO. OF OBSERVATIONS = 386

X NO. LESS % LESS

THAN

F 0.6 0.
1.1 0.

G 2.0 .
3.5 15,

H 6.0 36.
1.0 77,

1 20.0 135.
35.0 205.

dJ 60.0 270.
110.0 338.

K 200.0 369.
350.0 384,

L 600.0 386.
1100.0 386.

M 2000.0 386.

MEAN SPACING

FREEDOM

THAN X

0.0

0.0
1.55
3.89
9.33
18.39
34,97
53.11
69,95
87.56
95,60
99.48
100,00
100.00
100.00

(1/LAMBDA) = 54,21

TEST OF HOMOGENEITY OF SPACINGS F = 379.40
HAS CHI-SQUARED DISTRIBUTION WITH 385 DEGREES OF

MEAN OF OBSERVED SPACINGS IS 54,21

STANDARD DEVIATION OF OBSERVED SPACINGS 1S 63.38
MEAN OF LOGARITHMS OF OBSERVED SPACINGS IS 3.42

STANDARD DEVIATION OF LOGARITHMS OF OBSERVED

SPACINGS IS 1.14

11:28:15 2.081 RC=

SI PREVIOUS

0

CHISQUARED TABLE FOR Z
LOG {(Z) = LAMBDA*X, VHERE
LAMBDA = 1/MEAN SPACING

X = SPACING
CLASS LIMITS
0.0 - 1.33
1.33 - 2,00
2.00 - 4,00
4,00 OVER

CHISQUARED = 6.44

Fig 11 - Spacing plot of joint set A,

FE Fo
97. 100.
97. 115.
97. 89,
97. B2.

(FE-FO)**2/FE

0.1
3.5
0.6
2.2
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Roughness

Interlimb Angle

Discontinuity

Waviness

TALLJA
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9 * * * * *

8 * * * * * *

7 * * * * * *

6 * * * * * * * *

5 * * * * * * * *

4 * * * * * * * * * * * * * * *

3 * * * * * * * * * * * * * * * * *

2 * * * * * * * * * * * * * * * * * *

'| * * * * * * * * * * * * * * * * * * *
Interval .0 .51.0 1.5 2.0 2.5 3.0 3.5 4.04.5 5.0 5.5 6.0 6.57.0 7.5 8.0 8.5 9.09.5
Class
Mean = 6.4 St. Dev. = 4.22 No. of observations = 162 No. of discontinuities = 682

4
field dilatancy (dO)

Fig 12 - Histogram of waviness measurements of joint set A.



these areas, It 1is generally noted that older
sets have smoother waves than those more recently
formed.

Groundwater
57. A1l minor discontinuity sets in the pit
“ show evidence of water flow. The mean flow for

each set is summarized in Table 1. It generally

appears that set D has a greater flow than the
others.
58. It was noted that there was more water

along Jjoints in the hanging wall. The reason
appears to be that the natural drainage in the pit

occurs along well developed foliation joints which

seldom daylight on the footwall side. Major
traverse faults on the hanging wall, however,-
carry abundant water as do fractures of set D
parallel to these faults.
Hardness

59. As might be expected, hardness of the

fracture walls is relatively uniform for all sets.
As shown in Table 1, the mean hardness is about
R4. The uniform distribution of hardness for all
sets indicates that no alteration or other effects
have accompanied the formation of the discontinu-
ity sets in the pit.
Fig 13.

An example s shown in

SUMMARY OF GEOLOGICAL EVOLUTION
60. The general
structural history of Hilton mine rocks appears to

geb]ogica] evolution and

have dinvolved the following stages which are
discussed in chronological order:

1. Deposition of a flat-lying sedimentary se-
quence of argillaceous material, ie, shale,
siltstone, etc, arenaceous material, ie,

sandstone, etc, and calcareous materials.
ii. Low to medium grade metamorphism and the
folding of the strata into a steeply dip-
ping sequence. Until this time, all defor-
mation was by and plastic flow followed by
recrystallization. _
iii. Granite and granodiorite intrusions spread
over two phases. Doming during the intru-

sive phases appears to have caused

additional deformation of the metasediments

18

as indicated by the general clockwise
rotation of the compositional layering from
west to east across the pit, set A. This
doming of the metasediments must have
occurred before the cross fractures, set B,
: fractures, set C,

developed because these sets do not rotate

and v]ongitudina] were
as does the compositional layering.

iv. Subsequent to metamorphism and
was the development of sets A, B, and C and
the majority of faults.

intrusion

Set D developed in
connection with the transverse faults which
maintain a position approximately at right
angles to the strike of the compositional
layering.

TALLIA HISTOGRA 2 - HARDNESS

FREQUENCY ©0 0 o0 O 1 1 2 151 423

04

EACH * EQUALS 9 POINTS
423
414
405
396
387
378
369
360
351
342
333
324
315
306
297
288
279
270
261
252
243
234
225
216
207
198
189
180
7
162
153
144
135
126

I L T T T T T e S T T T L T T T T O

]
O

R Y

INTERVAL S1
CLASS
HEAN = R3.9

Sz S3 sS4 S5 Rl R2Z R3 R4 RS

ST. OEY. = 0.64 110, OF OBSERVATIONS = 682
0. OF OISCONTINVITIES = 682

Fig 13 - Histogram of hardness measurements of

joint set A,
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GROUNDWATER

61. The groundwater table appears to be near

the excavation surface in the hanging wall and
water s apparent on nearly all benches. Seepage
generally starts about 15 ft (4.5 m) below the

crest of each bench with the result that bench
to
groundwater level in the

faces are generally wet from that point down
the toe.
hanging wall is indicated in Fig 14.

62.
may be due

The possible

A large amount of groundwater infiltration
to near surface drainage of a diverted
stream and swamp land located behind the crest of
the pit. These areas are partly filled all
due to frequent rain, the average rainfall being
about 36 in. (0.9 m) per year.

year

The stream on the

north side of the pit is 1in the gully near the
Northwall faults. Significant seepage occurs
along this fault on bench 1184N and 1118N. This

stream is dammed about 250 ft (75 m) from the pit
crest and water is pumped along the top of the
north wall into the gully on the east side of the
pit.
63.
along major faults.

The most abundant water flow in the pit is
Faults generally appear to be
in

permeable, especially the lower reaches where

free running water 1is evident.

contacts occasionally

Open Jjoints or
show similar freely running
water conditions, although the quantity s
generally less.

64. It appears that groundwater problems
develop during the winter and spring when ice
tends to retard free drainage of the slope. Also,

frost action can also lead to numerous rock falls.

It is significant that the Central Fault Zone is

so highly fractured that it appears to be almost

entirely free draining. In comparison with

adjacent wall rock, this zone contains no damp or

wet spots.

Summary of Groundwater Occurence in Joints

Average Water
Classificatian for
Damain Location All Joints in Zone
D1 West Hanging Wall 3.96
D2 East Hanging Wall 4.29
D3 East Wall 3.76
D4 East Footwall 3.14
D5 West Footwall 3.83
Crest of pit

==

Groundwafer toble\/

Zone of water seepage

Toe of pit

Fig 14 ~ Groundwater
with a visual classification of seepage.

level in the hanging wall,
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KINEMATIC ANALYSES

65. An analysis was carried out to determine
discontinuities
which could possibly lead to slope instability as

individual or combinations of

the pit was deepened.
and bench failure were

Both overall slope failure
considered. The following
instability modes were examined: plane sheér,

stepped plane shear, 3-d-wedge, and blockflow.

ANALYSIS OF MAJOR DISCONTINUITIES

66. All discontinuities which could be traced
or 120 ft (36 m)
are considered to be major structures and alil
75 major discontinuities

for more .than two bench heights

observed were analyzed.
Judgement was required in assigning an attitude to
some structures which may have been mapped 1in
several different localities in the pit.

67. Major discontinuities are most often

invoived in wedge instability. Before being
considered as potentially unstable, wedges
involving major structures must satisfy all the

following requirements (Fig 15):

a. The two planes that form a wedge must have an
interior dihedral angle of less than 180° and,
except for planes within z 5° of vertical, must
dip in opposite directions;

b. The Tine of intersection must plunge between
20° and 60° in the direction of dip of the pit:

wedge 1intersections with plunge Tess than 20°

are considered
60° are
angle;

stable and those greater than
steeper than the overall pit slope
c. The azimuth of the 1ine of intersection must be
within £ 15° of the direction of dip of the
slope; this variation is also assumed for the
direction of dip of the slope. It should be
for major

noted that this assumption is made

instabilities based on experience and may not
be valid for smalier instabilities involving
sets of minor discontinuities;

d. The 1line of intersection must occur below
elevation 1400 ft, which is about 100 ft (30 m)
above the crest of the pit, and must be above
elevation 191 which is about 300 ft (100 m)
below the proposed base of the pit; 1in both
cases these elevations and pit geometry are
based on the proposed final pit design as of
September 1973.

68. The major structures were grouped in areas
in which the trend of the bench faces are approxi-
mately similar and plotted on equal area nets.
Each plot was examined individually and in

combination with adjacent equal area nets to

define the lines of intersection of all possible
unstable wedges using the criteria described
above. A1l intersections falling within the

shaded area marked by heavy Tlines on Fig 15 were



+15°
variation
of strike
of slope
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face

azimuth
intersections

Most critical
of wedge

Y

Average dip direction
of bench face

. ——
e — ——

Most critical
plunge of wedge
intercections

Location of most critical
wedge intersections

Fig 15 - Critical wedge intersections.

considered unstable wedges.
69. Having defined wedges, the
relationship of the pit geometry and the lines of

these

intersection were examined in plan and section to
determine whether the lead to
instability. A 1ist of potentially unstable major
wedges and their volumes is given in Table 6. A
plot of
intersections is also given in Fig 16.

70.
seven possible unstable wedges in the pit.

wedges could

major faults and unstable wedge
The analysis of major structures indicates
Two of

these major wedges have already daylighted on the

pit
indicating critical instability.
the footwall
and wedge 14 + 24 has been exposed for less than
one year in the hanging wall.

71. The Tlines of intersection of the wedges in
the hanging wall plunge at only moderate angles.
One of these, ie, 14 + 28, occurs below the
proposed pit bottom and the other, 14 + 24, has
already been exposed, as explained earlier and has
not failed. Of the five wedges on the footwall
side of the pit, three have 1ines of intersection

slope, but in neither case 1is any movement
Wedge 60 + 61 in

has been exposed for over five years
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Table 6: Possible unstable wedges involving major geologic structures

Structure A Structure B Wedge intersection Bench Location
orientation
Ho. Type Avg Avg Ha. Type Avg Avg PL Az Int. Elev Easting lNorthing Dip dir
Strike Dip Strike Dip Angle

1 14 FL 027 58E 24 FL 009 90 3% 198 34 659 -196.0 374.0 mn HY

2 14 FL 027 58E 28 FL 003 79 22 188 52 530 - 41.0 288.5 187 H

3 83 FL 016 731 63 pLi] 166 676 34 004 50 <491 - - 347 3%
>191

4 45 FL 019 88E 61 FL 176 65 42 021 32 <491 - - 343 Fu
>191

5 60 aH 019 86E 61 FL 176 BS5E 44 024 32 1154 +192,0 -541.0 17 3%

6 60 an 019 86E 63 an 166 67€ 56 D26 39 <491 - - 19 FH
. >191

7 B3 an 166 67E 65 FL 018 M 35 004 52 - - - 17 3%

NDTES: 1. PL, AZ and Int angle refer to the plunge and azimuth of the line of intersection
and the interfor angle of the wedge respectively, FL = Fault, JH = Joint.

2. ELEY, Easting and Horthing refer to the elevation and location of the line of
intersection of the wedge with the existing or proposed pit wall according to
the pit design of Septenber 1973, except where the 1ine of intersection is below
the pit face (ie, < 491 and > 191) or where no intersection was observed on the
face.

3. Dip dir bench is the average azimuth in degrees of the bench dip direction in the
vicinity of the intersection of the 1ine of intersection of the wedge with the
existing or proposed pit wall as of September 1973.

4. HW = hanging wall and FW = footwall.

Q0N
—

N 1
~N
~

5003 ~—

x|
3
4l
SYMBOLS
MAJOR DISCONTIRUITIES WEDGES
assumed ——-— unsfoble  —a-
R et 200 Fact defined stable  ——--
20 ° EC identificotion .5 ozimuth/plunge = oz
Approx, Scals mber of wedge infersection **

i ip -~
strike and dip o30/08 structures forming

wedge and (elevatian)
where infersectian
dayiights in pit

Fig 16 - Critical wedges from fault intersections
of Hilton Mine pit.

PIT GEOMETRY
bench levels uss,izsoele.

pit crest
proposed ——
existing ——

in proposed slopes




Table 7 continued:
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v East wall D3 298° Wedge failure involving set A and set C 6° - 21° Safe - shallow None
plunge
Blockflow involving set B 80° - 88° Safe if not Scale benches, controlted
in slope disturbed; small blasting, possible use of
size inclined bench faces
Blockflow involving set D 62° - 65° Safe if not None
in slope disturbed
Wedge failure involving set B and 60° Small None
Fault No. 48*
Wedge failure involving set C and 22° - 26° Safe if dry Possibly drainholes
Faults No. 46, 50 and 52*
v Fast D4 016° Plane failure on set A with separation on set B 40° - 65 Generally small Use of inclined bench
footwall Wedge failure involving set A and set B 38° - 64° failures faces
Wedge failures involving set A and set C 40° - 8° Safe shallow None
plunge
Wedge failures involving set A and set D 39° - 62° Critical Shear strength investi-
gation; possible artific-
ial support and drainage
in critical areas
Wedge failure involving set A and 39° - 61° Critical Artificial support in
north-south striking faults critical areas
Wedge failures involving set B and 35° - 60° Small dihedral None
north-south striking faults angle
Wedges involving set D and Faults 63° & 58° Small dihedral None
No. 45 and 60 angle
VI Sothwest D4+D5  324° Plane failure on set A with separation on set B 40° - 65° Generally small Use of inclined bench
nose Wedge failures involving set A and set B 37° - 39° Generally small  faces
nose Wedge failures involving set C 4° - 12° Safe - shallow None
Wedge failures involving set D 42° - 62° Critical Shear strength investiga-
tion; possible artificial
support and drainage in
critical areas
Wedge failures involving set A and 51° Critical Artificial support where
Fault No, 68*% required
Wedges involving sets B or D and 20° - 60° Small dihedral None
Major faults angle
VII West D5 025° Plane failure on set A with separation on set B 56° Small failures Use of inclined bench
footwall Wedge failures involving set A and set B 59° Small failtures faces
Wedge failures involving set A and set D 50° Small failtures Use of inclined bench
faces; possibly some
artificial support
Wedges involving set A and 32° & 60° Critical Artificial support where
Faults No. 71 and 73* required
Wedges involving set B or D and 22° - 60° Small dihedral None
Major faults angle
*Faults are not shown in Fig 1 or 16, Details are given below:
Fault No. Strike/dip Hid point Length (ft) Fault No. Strike/dip Mid point Length (ft)
46 085/138BS 673E/060N 100 68 010/80W 356W/200S 105
48 016/85W 767E/011S 22D 71 015/854 791W/800S 180
50 090/ 45N 1111E/2008 135 73 030/90 962W/450S 100
52 095/55N 684E/344S 100



procedures and remedial work. Since the size of
minor discontinuities relative to faults is con-
siderably less in most cases, any of the

postulated possible wedge failures to be discussed
in the following paragraphs are likely to be small
in size, less than one bench, and of a
nature only.

Tocal

Hanging Wall (Design Sectors I, II and III)
87. The dominant north-south striking set of
faults form possible wedges with set C virtually

at all Tocations where these faults exist on the
hanging wall. As dindicated in Table 7 the lines
of intersection of these wedges plunge between 20°
and 40° towards the pit.

88. Examples of wedge failures involving set C
are especially apparent in the hanging wall area
shotcreted in July 1973, Wedge failures involving
set C and the Southwest Fault have caused
unravelling and narrowing of the haul road at this
point. Table 7 findicates that this is not unique
and possible wedge failures exist wherever
easterly dipping major faults cross the hanging
wall side of the pit. This implies that further
remedial measures may be
road crosses the
levels. The
be reduced
with depth.

89. Wedges formed from combinations
steeply dipping cross fracture set B
with faults no. 24 and 28 in design
The wedges formed by these sets have a very small
dihedral angle and the discontinuous nature of
set B, tend to make lafge wedge failures unlikely.

90. Also, wedges are formed by combining joint
set D with faults no. 24 and 28,
however, have been observed
features in the pit.

required where the haul
Central Fault Zone at Tower

1ikelihood of wedge instability may
if the frequency of set C decreases

of the
occur only
sector II,

No failures,
involying these

East Wall (Design Sector IV)

91. On the east wall, set C forms shallow dip-
ping wedges with faults no. 46, 50 and 52.
Failures involving these features were not noted
in the pit, possibly because the major structures
involved are not well defined,
they occur in areas of shallow

possibly because
slope; or possibly

28

because they are only partly exposed. The steeply

dipping cross fractures 1ie, set B, also form
wedges with  faults no. 46 and 48, The
discontinuous nature of set B probably explains

why wedge failures are not seen on the east wall.

Footwall (Design Sectors V, VI and VII)

92. On the footwall side of the pit, set C
dips into the wall, Set A on the other hand, dips
parallel to the wall,
failures, and in

shear
combination with transverse

leading to plane

faults form unfavourable steeply dipping wedges.
93. The cross fractures of set B form wedges
with north-south trending faults in the footwall.

However, because of possible variation in the
strike and dip of the fractures, possible wedges
are small and tend to have very small dihedral
angles.

94, Set D could also form wedges with some
westerly dipping or vertical structures on the
footwall, such as faults no. 45, 60, 28, 65, 68,
71 and 73.

CONTACTS OF INTRUSIVES
95. Contacts of intrusive rocks such as

granite and grahodiorite appear to have a well

developed north-south trend and 30° to 60°
westerly dip in the pit area. These structures
could lead to plane shear finstability if they

persist in the east wall in design sector IV.

96. Since these features are nearly parallel
to the dominant set of transverse faults, their
line of intersection with these faults is flat
lying and therefore of
hanging wall.

1ittle consequence on the
footwall
VI and VII, geological contacts
with set A and compositional
to set A have led to occasional

However, on the
design sectors V,

side 1n
in  combination
layering parallel

wedge failures.

THE SOUTHWEST NOSE_AREA

97. The southwest nose in design sector VI on
the footwall side immediately east of the
consists

sump ,
Targely of intrusive waste rock in the
upper parts of the slope.
on the
instability because it has a

The slope configuration
highly conducive to
radius of

southwest nose 1is
reverse
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v East wall D3 298° Wedge failure involving set A and set C 6° - 21° Safe - shallow None
plunge
Blockflow involving set B 80° - 88° Safe if not Scale benches, controlled
in slope disturbed; small bIasting,‘possible use of
size inclined bench faces
Blockflow involving set D 62° - 65° Safe if not None
in slope disturbed
Wedge failure involving set B and 60° Small None
Fault No. 48%
Wedge failure involving set C and 22° - 26° Safe if dry Possibly drainholes
Faults No. 46, 50 and 52%
v East D4 016° Plane failure on set A with separation on set B 40° - 65 Generally small  Use of inclined bench
footwall Wedge failure involving set A and set B 38° - 64° failures faces
Wedge failures involving set A and set C 40° - 8° Safe shallow None
plunge
Wedge failures involving set A and set D 39° - 62° Critical Shear strength investi-
gation; possible artific-
ial support and drainage
in critical areas
Wedge failure involving set A and 33° - 61° Critical Artificial support in
north-south striking faults critical areas
Wedge failures involving set B and 35° - 60° Small dihedral None
north-south striking faults angle
Wedges involving set D and Faults 53° & 58° Small dihedral None
No. 45 and 60 angle
VI Sothwest D4+D5  324° Plane failure on set A with separation on set B 40° - 65° Generally small Use of inclined bench
nose Wedge failures involving set A and set B 37° - 39° Generally small  faces
nose Wedge failures involving set C 4° - 12° Safe -~ shallow None
lledge failures involving set D 42° - 62° Critical Shear strength investiga-
tion; possible artificial
support and drainage in
critical areas
Wedge failures involving set A and 51° Critical Artificial support where
Fault No. 68% required
Wedges involving sets B or D and 20° - 60° Small dihedral None
Major faults angle
VII West D5 025° Plane failure on set A with separation on set B 56° Small failures Use of inclined bench
footwall Wedge failures involving set A and set 8 59° Small failures faces
Wedge failures involving set A and set D 50° Small failures Use of inclined bench
faces; possibly some
artificial support
Wedges involving set A and 32° & 60° Critical Artificial support where
Faults No. 71 and 73* required
Wedges involving set B or D and 22° - 60° Small dihedral None
Major faults angle
*Faults are not shown in Fig 1 or 16. Details are given below:
Fault No. Strike/dip Hid point Length (ft) Fault No. Strike/dip Mid point Length (ft)
46 085/138S 673E/060N 10D 68 010/80W 356W/200S 105
48 016/854 767E/011S 220 n 015/85W 791W/800S 180
50 090/ 45N 1111E/200S 13 . 73 030/90 962W/450S 100
52 095/55N 684E/344S 100



Since the size of
relative to faults is con-

procedures and remedial work.
“minor discontinuities
siderably 1less in most any of the
postulated possible wedge failures to be discussed
in the following paragraphs are 1ikely to be small
in size, 1less than one bench, and of a TJocal

nature only.

cases,

Hanging Wall (Design Sectors I, II and III)

87. The dominant north-south striking set of
faults form possible wedges with set C virtually
at all locations where these faults exist on the
As indicated in Table 7 the lines
of intersection of these wedges plunge between 20°
and 40° towards the pit.

88. Examples of wedge failures involving set C
are especially apparent
shotcreted in July 1973. Uedge failures invo]ving
set C the Southwest Fault have caused
unravelling and narrowing of the haul road at this
point. Table 7 indicates that this is not unique
and possible wedge failures exist
easterly dipping major faults cross the hanging
wall side of the pit. This implies that further
remedial measures may be required where the haul
road crosses the Central Fault Zone at

hanging wall.

in the hanging wall area

and

wherever

Tower

levels. The T1ikelihood of wedge instability may
be reduced if the frequency of set C decreases
with depth.

89. MWedges formed from combinations of the
steeply dipping cross fracture set B occur only
with faults no. 24 and 28 in design sector II.
The wedges formed by these sets have a very small
dihedral angle and the discontinuous nature of

set B, tend to make large wedge failures unlikely.

90. Also, wedges are formed by combining joint
set D with faults no. 24 and 28,
however, have been observed
features in the pit.

No failures,
involving these

East Wall (Design Sector IV)

91. On the east wall, set C forms shallow dip-
ping wedges with faults no. 46, 50 and 52.
Failures involving these features were not noted
in the pit, possibly because the major structures
involved are not well defined, possibly because
they occur in areas of shallow slope; or possibly

28

because they are only partly exposed. The steeply

dipping cross fractures ie, set B, also form
wedges with faults no. 46 and 48, The
discontinuous nature of set B probably explains

why wedge failures are not seen on the east wall.

Footwall (Design Sectors V, VI and VII)

92. On the footwall side of the pit, set C
dips into the wall. Set A on the other hand, dips
parallel to the wall,
and

Teading to plane shear

failures, in combination with transverse
faults form unfavourable steeply dipping wedges.
93, The cross fractures of set B form wedges

with north-south trending faults in the footwall.

However, because of possible variation in the
strike and dip of the fractures, possible wedges
are small and tend to have very small dihedral
angles.

.94. Set D could also form wedges with some
westerly dipping or vertical structures on -the
footwall, such as faults no. 45, 60, 28, 65, 68,
71 and 73.

CONTACTS OF INTRUSIVES
95. Contacts of intrusive rocks such as

granite and granodiorite appear to have a well

developed north-south trend and 30° to 60°
westerly dip in the pit area. These structures
could Tead to plane shear instability if they

persist in the east wall in design sector IV.

96. Since these features are nearly paraliel
to the dominant set of transverse faults, their
line of dintersection with these faults is flat
lying and therefore of
hanging wall.

Tittle consequence on the
footwall in
VI and VII, geological contacts
with set A and compositional
to set A have led to occasional

However, on the side
‘design sectors V,
in  combination
layering paraliel
wedge failures.

THE SOUTHWEST NOSE AREA

97. The southwest nose in design sector VI on
the footwall side immediately east of the
consists

sump,
Targely of intrusive waste rock in the
upper parts of the slope.
on the

The slope configuration
is
instability because it has

southwest nose highly conducive to

a reverse radius of






