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Section 1.0 Introduction

1.0 INTRODUCTION

This appendix provides an assessment of the stability of the overburden slopes at the JEB open
pit for both short and long term slope stability. Analyses considers additional work conducted in
the vicinity of JEB pit.

COGEMA Resources Inc. - McClean Lake Project November 22, 1997
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Section 2.0 Stratigraphy

2.0 STRATIGRAPHY

An investigation of the drift stratigraphy in the JEB pit area was conducted as part of this study
by EA. Christiansen Consulting Ltd. Quaternary deposits in the JEB pit area range in thickness
from about 10 m to 30 m. The deposits, in ascending order, are designated informally as units
1, 2 and 3. Unit 1 is composed of less than 1 m to 15 m of sandy till and sand interbeds. Unit 2
is composed of {ess than 1 m to 15 m of silty till with a more sandy interbed in the pit area. Unit
3 is composed of less than 1 m to 20m of sandy till and probably sandy interbeds. The
drumlins in the JEB pit area appear to be composed mainly of Unit 3. The three stratigraphic
units are thought to represent three separate and distinct glaciations.

A geotechnical investigation for the McClean Lake mill facilities (AGRA, 1993) drilled bore holes
in the mill and pit area with numerous standard penetration tests conducted at various levels
throughout the drift stratum. Standard penetration test results are summarized in Table 3.1.

COGEMA Resources Inc. - McClean Lake Project November 29, 1997
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Section 3.0 Stability Analysis

3.0 STABILITY ANALYSIS

Stability analyses conducted for this study were done using SLOPE/W software by GEOSlope
International Inc. for two-dimensional analysis. Analyses were conducted using the Morgenstern
Price method with a half sine interslice force function.

Pit slope designs presented Section 3.3.2 of the McClean Lake Project Environmental impact
Statement, 1991 with drift slopes maintained at 27° (2 horizontal: 1 vertical) were analyzed for
both short and long term stability. Short term stability was analyzed to assess stability of the
drift slopes soon after excavation with piezometric conditions near the surface of the slope and
long term slope stability was analyzed with piezometric conditions drawn down to the base of
the drift unit. A section of the stability sections analyzed is presented in Drawing No. §765.11-
H1.

The effective friction angle of the drift was estimated from standard penetration testing results
(de Mello, V.F.B. (1967)). Table 3.1 provides a summary of standard penetration testing
conducted in the JEB pit area and the estimated effective friction angle.

Table 3.1
Summary of Standard Penetration Testing in Mill Area (AGRA, 1993)
Depth Vertical Stress Average Effective Friction
{m) (kPa) SPT No. Angle*

1 20 452 50

2.5 50 50.0 50

4.5 90 30.2 45

5.5 110 19.0 40

75 150 24.8 40

8.5 170 17.3 35

* after Apud de Mello (1967)
Material properties used in the stability analyses are summarized in Table 3.2.

Table 3.2
Soil Parameters Used in Stability Analysis

Effective Effective
Unit Weight Cohesion Friction Angle
_ (kN/m3) (kPa) : ()
Drift” 20 10.0 40.0
Sandstone Impenetrable - -
COGEMA Resources Inc. - McClean Lake Project November 29, 1987
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Section 3.0 Siability Analysis

The estimated factor of safety of the drift slope for the short term case is 1.5. For the fully
softened condition with the effective cohesion equal to 0 kPa the estimated factor of safety is
1.22 in the short term. Drawing 5765.11-H2 illustrates the calculated circle failure piane. The
estimated factor of safety with an effective cohesion of 30 kPa is greater than 2.

The estimated factor of safety of the drift slope for the long term drained case is in excess of 2.

COGEMA Resources Inc. - McClean Lake Project November 28, 1987
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Section 4.0 Conclusions

4.0 CONCLUSIONS

The design drift slope angles of 27° (2 horizontal:1 vertical) will be more than sufficient to meet
the criteria set out in the Basis of Design report dated 24 May 1996 of 1.25 for long term slope
stability of the drift portion of the pit wall.

The geometry of the excavated slopes in the overburden was controlled to a substantial degree
by construction conditions. The overburden was excavated in an undrained condition, resulting
in limitations on trafficability and some minor deviations in overburden slope geometry. Locally,
the slopes were oversteepened to 45° by sloughing and ravelling, and while slumping did occur
over a short length (less than 50 m) of the highwall, the remainder of the overburden slopes are
stable even at the steeper angles. The safety of the slopes is reinforced by the wide (22 m)
safety berm at the top of the bedrock that will safely contain any sloughing or slumped material.

COGEMA Resources Inc. - McClean Lake Project November 29, 1997
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Section 1 introduction

1.0 INTRODUCTION

The JEB pit is located in the northeast part of the Athabasca basin at the boundary of two major
geological domains of the Trans-Hudsonian Orogeny: the Wollaston domain to the southeast
and the Mudjatik domain to the northwest. At the property scale, it is situated at the southwest
tip of the Rainbow granitoid dome on the west extension of the E-W Rainbow geophysical
trend. Bore holes campaigns carried out in the JEB zone showed that about 74.5m of Middle
Proterozoic sandstone (Athabasca group), covered by on average 18m of glacial overburden,
overlies a Lower Proterozoic basement. This basement consists of graphitic para gneisses,
calcosilicate gneisses, and pegmatite. Mineralization is closely associated with graphitic units.
The basement foliation dips steeply to the south.

Previous geological studies recognized three principle fault systems in the basement in the
vicinity of the ore body: NE-SW, NE-SE and E-W (parallel to the foliation) steeply dipping sets.
Structural mapping of the JEB Pit at the 421m [evel indicates the presence the same three
trends of fractures in the overlying Athabasca sandstone (N40-70°, N140-160° and N80-90°).
The mapping of the pit showed the absence of major structures in the sandstone and instead a
uniform fractured sandstone rock mass. It also led to the reinterpretion of the hydrogeological
model with four hydrostratigraphic units corresponding, from the bottom to the top, to the
regolith basement, the altered sandstone, the unaltered silicified sandstone and the
overburden.

Structural mapping extended to the lower benches of the sandstone and in the basement in
order to improve the geological model. A geotechnical mapping of 421m, 397m, 373m and
358m benches and a detailed structural and lithological mapping of the basement at the bottom
of the pit (below 360m) was carried out.

COGEMA Resources Inc. November 27, 1997
JEB Tailings Management Facility Version 1997.1
G:\OperatiMcClean\Manuals\JEB Pit Tailings Management Facility Page 1-1



Section 2 Methodology

2.0 METHODOLOGY

2.1 Geotechnical Mapping

in order to complete a thorough analysis of the fracture distribution, systematic measurements
were taken in the sandstene on four different benches (or levels) of the pit at the 421m, 397m,
373m and 359m elevation. All fractures crossing through at least two sandstone beds were
measured. The 421m bench was remapped as only fractures. Overall the spatial distribution of
measurement stafion gives a homogeneous data sampling. The entire circumference of the
upper bench (421m) has been covered and 85% of the 397m bench and 2/3 of the 359m bench
was accessible. On the 373m bench, only the northwest quarter has been studied.

Fractures and bedding joints have been measured along 10 meter-wide stations. Randomly
oriented fracture sets due to blasting and subsequent stress release were disregarded. For
each station, structures crosscutting a subhorizontal line (traverse; made evident by a tight
string) have been systematically collected. Station locations have been marked on pit walls with
paint and surveyed.

Along each traverse, the following parameters have been recorded:

 azimuth and exact plunge of the traverse (subhorizontal line)

» strike and dip (right-hand rule) of every set of structures crosscutting the traverse
o number of structures of that orientation per traverse

s alteration

* roughness

¢ presence of limonite coating

e type of structure (bedding joint: JN, 'fracture: FC, fault with evidence of significant
movement: FT)

¢ comments: hydraulic breccia size and shape, type of filling, wet fractures

o Numerical codes used for alteration and roughness corresponds to international
geotechnical norms defined by the Norwegian Geotechnic Institute- (NGI).

For the alteration the code is as follows:

1 = clean joint 14 = hard clay = 5mm
2 = fine coating 15 = soft clay > 5mm

4 = hard clay < 5 mm 16 = sandy clay > 5mm
5 = soft clay < 5 mm 17 = sand > 5mm

6 = sandy clay < 5mm 20 = hydraulic breccia

8 = sand < bmm

COGEMA Resources Inc. November 27, 1997
JEB Tailings Management Facility Version 1997.1
G:\OperatiMcClean\Manuals\JEB Pit Tailings Management Facility Page 2-1



Section 2 Methodology

Roughness:

1 = smooth plane (irregularities at metric scale)
2 = undulated plane (irregularities at decimetric scale)
3 = rough plane (irregularities at centimetric scale)

FFor the data processing, the geotechnicai DIPS 4.03 software designed by the Department of
Rock Mechanics at the University of Toronto was used, This program takes the Terzaghi
correction into account for the calculation of a fracture frequency weighted plot.

The Terzaghi correction is a coefficient applied to the frequency of each set of fractures
according 1o the orientation of the studied wall (represented here by the fraverse). It allows to
correct the fact that, on a E-W oriented traverse for instance, an observer will meet more N-S
(perpendicular to the traverse) E-W structures than structures subparallel to parallel to the wall.
A total of 184 stations were established (fig. 1). and 3300 structures were measured.

2.2 Structural Mapping

In addition to the geotechnical mapping, main structural features such as main fracture planes,
fracturing corridors and hydraulic breccia zones, have been mapped. Hydraulic breccia are
zones of strong delithification and fracturing of the rock forming permeable and sandy bodies.

In the basement lithological units, brittle structures (fractures, faults) as well as more ductile
older structures (foliation, shear zones, fold, etc.) mapped. The lithology variation have been
also noticed.

This structural mapping and the rosette map of fig. 7 permitted us to produce structural maps
for the basement (fig. 10) and for all the pit (fig. 11 ).

COGEMA Resources Inc. November 27, 1097
JEB Tailings Management Facility Version 1997.1
G\OperatWicClean\Manuals\JEB Pit Tailings Management Fagcility Page 2-2



Section 3 Results

3.0 RESULTS

3.1 Sandstone Fracturing

3.1.1 Sandstone Generality

The sandstone bedding is globally flat-lying (fig. 3). Local tilting occurs notably between A37
and A41 due to a south-dipping WNW-ESE normal fault. In the upper benches (421m and -
409m) the sandstone is weakly altered and silicified. The rock has a massive appearance. It is
still purple (weak bleaching of the primary hematite) on 421m bench and moderately bleached
on bench 409. Bleached zones are parallel to the bedding. From 397m bench, sandstone
matrix is increasingly argilized and bleaching becomes strong. Primary hematite is locally
preserved, espemally in coarser beds,

3.1.2 General Description of Fractures

Fractures are steep: 88% of all measured fractures have a dip greater than 70° (fig. 2). No
significant displacement is visible on fault plane except a for a normal fault zone (dip-slip striae)
identified in the southern part of the pit as well as a sinistral fault (strike-slip striae) on the west
wail of the 358m bench.

The size of fracture planes are variable: biggest plan can cut across at least two benches
(24m), smallest across two sedimentary beds (around 20 cm).

Limonite coating on fracture planes is very frequent throughout the pit and equally affects the
different sets of fractures. Most often, strongest limonite coating (several mm thick) occurs on
large straight planes. Druzy quartz coating was found occasionally.

The alteration of wall fractures produced most often a dry sand or sandy clay filling (desilicified
and argilized sandstone), a few millimeters to several centimeters thick. An other type of
alteration observable in JEB pit is the hydraulic breccia. It corresponds to the delithification of
sandstone due to flowing fluid under pressure at the time of mineralization. It produces
generally lenses or pockets of dry strongly friable and porous sand or sandy clay associated
with limonitization, hematization, argilization or chioritization. It can be a few centimeters to
several meters wide with typically no vertical and horizontal continuity along the fracture plane
or at the intersection with two fractures (column). Hydraulic fracturing can also affect a broad
area, such as the west wall of benches 385 and 373 (see below), producing arge breccia and
‘zone a boules’ without well-defined trend.

COGEMA Resources Inc. November 27, 1997
JEB Tailings Management Fagcility Version 1897.1
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Section 3 Results

The general appearance of fracturing changes vertically. In the upper 421m and 409m benches
where sandstone are less altered and more competent fractures seem more regularly
organized and straighter than in the lower benches.

3.1.3 Fractures Distribution

The fracture density (number of fractures per 10 m) decreases slightly downwards (Table 1).
However variations are weak and the fracturing seems to be homogenous throughout the pit.

A the scale of the pit fractures are distributed along three trends: NW-SE (N130-160°), NE-SW
(N40-70°) and E-W (70-100°) [fig. 4a].

The NW-SE trend is the predominant one (peak at N140-150°: fig. 4a). It is represented often
by large straight limonitic plane which stands out in the pit. Fractures are vertical to steeply
dipping to the south-west (fig. 3). The NW-SE trend is particularly strong on the 421m, 373m
and 359m benches (fig. 4b, d, ) with an average density of 8 (Table 2) but less abundant on
the 397m bench (density of 4). It is the predominant trend on 421m and 359m benches. On the
373m bench, the NW-SE trending fractures are divided in two distinet sets: N130-140° and
N150-160° (fig. 4d).

The NE-SW trending fractures are mostly dipping steeply to the southeast (fig. 3). The peak is
at N30-70° (fig. 4a). They are particutarly abundant on the 373m bench (fig. 4d). It is due to the
presence of NS0 fractured corridor (fig. 11). They are also predominant on the 387m bench
(fig. 4c) but are almost absent on the 359 m bench where N10-30° trending fractures dominate.

E-W trending fractures are generally subverticai. They are not the principal set on any bench
and are more abundant on lower benches (373 and 359). Fracture orientation varies within a
30° wide range from N70-80° on the 373m bench to N80-100° on the 359m and 397m benches.

On the bench 359, an other minor trend at N110-120° was identified.

3.1.4 Altered Fractures

Fractures are considered altered when they show a sand or sandy clay alteration thicker than
5mm (NGI code 14, 15, 16 and 17) as well as hydraulic breccia development (20).

The density and percentage of altered fractures progressively increase downwards (Table 1) to
the 359m bench where it drops significantly. This variation is comparable to changes in
hydraulic breccia density and percentage. It shows that the presence of hydraulic breccia
implies a greater density of altered fractures. '

COGEMA Resources Inc. November 27, 1997
JEB Tailings Management Facility Version 1997.1
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Section 3 ' Results

At the scale of the pit altered fractured are distributed homogeneously among the three main
fracture trends (fig. 5a). The N50-60° trending altered fractures are slightly dominant. On each
bench, orientation rosette of altered fractures is similar to the rosette for altered and unaltered
fractures.

Most hydraulic breccia-filled fractures belongs to a wide N120-170° orientation range (fig. 6a).
They are more abundant on the 373m bench (4 per 10 meters, Table 1).

3.2 Main Fracturing Corridor Repartition and Altered Zone Location

The plot of the hydraulic breccia-filled fractures on a pit map shows that hydraulic breccia exists
throughout the pit (fig. 8). However they are less frequent on the northeast part of the pit.
Combining this map with the rosette map (fig. 7) for every three traverse, we can define main
fracturing corridors surrotnding the ore body (fig. 8). Those corridor corresponds to more dense
or altered (hydraulic breccia} fracturing. The foliowing trends were identified:

+ Two NW-SE fracturing corridor to the west and east of the ore deposit zone.
o Two NE-SW fracturing corridor to the north and southeast.

* A NBO” fracturing corridor on the northwest face of the pit.

+ A NB80-90° fractured zone on the western face of the pit.

+  AWNW-ENE normal fault zone to the south.

The two NW-SE trending corridors are wrapping around the ore body and orientation refraction
occurs (cf. fig. 4d). That suggests a genetic link between ore deposit process and NW-SE
trending fractures.

In the southeast part of the pit, the eastern NW-SE corridor intercepts a NE-SW trending
corridor producing a strong development of hydraulic breccia. This NE-SW corridor dips to the
southeast making all the lower southeast wall unstable up to the 421m bench.

Simitarly, 2 WNW-ESE fracturing corridor dips to the south in the southern part of the pit. It
corresponds to a normal fault zone particularly obvious on the 397m bench (slickensides). The
western NW-SE trending corridor bends toward the ESE meeting this fault zone (fig. 11). The
latter seems to crosscut and interrupt to the west a N80-90° fracturing zone which exhibits thick
hydraulic breccia running along straight fracture planes. This EW fractured corridor is not visible
above the 385m bench (photo 7). Towards the east it limits the ore zone to the south and meets
at this point NW-SE and south dipping NE-SW fractures making this zone unstable. This E-W
fracturing does not appear on the east face of the 397m and 421m benches.

Northward, on the west face of JEB pit a broad zone of hydraulic breccia with ‘zones a boules’
is visible in the lower benches (385 and 373). A strong alteration is associated (argilization and
hematization). No fracturing trend is obvious. However, above on the bench 397 local hydraulic

COGEMA Resources Inc. November 27, 1997
JEB Tailings Management Facility Version 1997.1
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Section 3 Results

breccia indicate that this zone could correspond to the meeting point of the west NW-SE
caorridor and of a N70-80° fracturing corridor. Upwards on the 421m bench between station F73
to F77, a large hydraulic breccia zone {zone a boules’) with strong clay alteration was
identified, however associate fractures trends NW-SE and NNE-SSW (N26-30°) and no E-W
trending fractures were visible.

Northward, on the 373m bench south of station B1, N70-80° trending fractures controlled the
development of & large hydraulic breccia. It disappears rapidly upward in the uppermost
benches and fractures turn to NE-SW (around N50-60°} when intersecting the southwest
continuation of a NE-SW fracturing corridor on the NE face of the pit at the 373m (B1C-B14),
385 and 397bench. This NE-SW corridor vanishes upward on 409m bench.

3.3 Discussion on the Sandstone Fracturing

Hydraulic breccia in JEB pit are linked fo the hydrothermal activity contemporary to the
formation of the ore deposit. It is noted that they are controlled by the three main fracturing
trends and that they follow the same distribution variation as the altered fractures. This
suggests that the global fracturing in JEB is related to ore deposit process.

Whereas the NW-SE and NE-3W trending fractures are widespread throughout the pit and
seems homogenous, the E-W trending fracturing is concentrated along a fractured corridor.
These zones are located in the southern part of the pit (fig. 7) and on the west wall of 373m and
385m benches. The latter corresponds to the most altered and tectonized area of the pit. it is
important to notice that the E-W hydraulic breccia fracture do not extend to the east side and
appears fo stop above the ore zone when meeting NE-SW less altered fractures. Similarly on
the west wall E-W fractures are rare and NE-SW trending fractures predominate.

On the 359m bench, the closest from the ore body, the geotechnical mapping showed that
sandstone are less fractured, and the large hydraulic breccia zone encountered on the 373-
385m benches is not present. It leads us to propose a fan geometry for the hydraulic fracturing
{fig. 12): the Tracturing is localized at the base in narrow hydraulic breccia zone (358m bench)
and spreads out upward in larger hydraulic breccia corridors (373 and 385m benches). In the
more silicified zone, as the density of fracturing increases, the brecciation scatters in local
hydraulic breccia-filled fractures (397m bench) and then declines (409 and 421m benches). The
resuli is that in the upper benches density of fractures is higher but the alteration lower.

COGEMA Resources Inc. November 27, 1997
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Section 3 Results

3.4 Basement Fracturing (fig. 10)

3.4.1 Lithology

At the boitom of the pit, unconformity elevation varies from 362 m to the east to 358 m to the
west. The basement is overlain by a discontinuous basal conglomerate or directly by
sandstone.

The basement consists mainly of graphitic gneiss and pegmatite. Gneiss composition is
variable (calcosilicate gneiss, feldspar-bictite gneiss, quartz-rich gneiss...). Main pegmatite
bodies bracket the graphitic rocks.

Some anatectic gneiss showing segregation give evidence that gneiss reached high-grade
metamorphism conditions, certainly during Hudsonian events. They were aifected by a
widespread chloritization most probably as they were exhumed. The hydrothermalism
associated with the ore deposit process removed most of the paleoregolith hematization.
Nevertheless it is still possible to observe it locally. Hydrothermal activity also caused
argilization (illitization or kaolinitization), chloritization (sudoite?) and local silicification of the
basement. Chloritization is especially strong near the mineralized zones.

3.4.2 Basement Structures

Gneisses generally exhibit a tight foliation attesting of a strong old ductile deformation (mylonite
to ultramylonite). This foliation trends around N100° vertical to steeply dipping north (fig. 9a).
On the southern wall it dips locally to the south. Pole sterecgram (fig. 8) shows that foliation dip
locally moderately to the north. It is mainly due to drag folding by shallow to moderately dipping
fractures (cf. below) or bending at the unconformity caused by the Athabasca sandstone
loading.

Fracturing in the basement trends mainly parallel to the foliation as shown by the fractures
rosette (fig. 9b). NW-SE and NE-SW fractures are also present. Similarly NW-SE fractures,
mostly trending N130-140°, are represented mainly by big straight steep planes (west wall).
Nevertheless they are not as frequent. They locally induce brecciation of basement rocks
indicating movement along the fault plane. A dextral sense of movement was recognized on a
132° trending fault.

The NE-SW trending fractures play a more important part in the basement structures. They
tocally induce reorientation of the foliation and of pegmatite-gneiss contacts (fig 9a). A N60°
trending fault seems to produce an significant sinistral offset. However, its northeast extension
shows evidence of reverse movement. NE-SW fractures (N40-60°) have often a shallow to
moderate dip to the southeast.

COGEMA Resources InG. November 27, 1997
JEB Tailings Management Facility Version 1997.1
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Section 3 Results

North-South trending fractures has been observed but they seems to be restricted to the south-
east of the pit (G15). One shows a dexiral displacement.

Faulting running parallel or sub-parailel to foliation is the most widespread. On the west wall,
foliation planes trending around N100°, bear a strong dip-slip chlorite-carbonate striation. The
most fractured zone is sifuated between the points G10 and G189, and correspond fo the main
graphitic zone. Here, graphite lenses developed steep ENE-WSW ftrending britile shear
zones. lLarge cryptocrystalline quartz veins are associated. Weak brecciation occurs. Drag
folding of the mylonitic foliation is common. Nevertheless the kinematics of shear zones is
ambiguous. As some graphitic planes exhibit dip-slip striation, others bear subhorizontal ones
and contradictory senses of movement have been observed. Secondary narrow shear zones,
trending east-west and slightly oblique to the foliation, can be sinistral or dextral.

A major mineralized sirike-slip fault limits this tectonized zone to the north from a wide boudin of
anatectic gneiss and pegmatite. To the south, mylonitic gneiss are separated from a pegmatitic
Zzone by a big irregular ESE-WNW trending reverse fault. The pegmatite-rich zones to north and
fo the south seems to have played a important part in JEB basement tectonic. They acted like
two resistant blocks between which the well foliated softer graphitic gneiss slid. This could
explain the complexity of the graphite gneiss tectonic.

An other feature of the basement tectonic is the presence of shallow to moderately dipping
fractures cross-cutting the structures mentioned above. Some of these fractures show evidence
of reverse or normal movement and induce a drag-folding of the foliation. They trends generally
ESE-WNW or NE-SW.

The two main fracture trends NW-SE and NE-SW observed in the basement are present in the
sandstone. Nevertheless the N100-110° major fracturing trends in the basement is not well
developed in the sandstone. The E-W sandstone fractures run at N80-90° which corresponds
rather to a secondary fracturing trend in the basement. The ESE-WNW normal fault observed in
the southern part of the pit could be related to the basement major trend. A N96° local sinistral
fault have been noticed at the point C8 which is at the continuation of the main basement
fractured zone. Globally few basement fractures crosscut the unconformity.

3.4.3 Water Circulation

Very few seeping fracture have been noticed and they are restricted to the south of the pit. The
hydraulic breccia sand is always dry. Nevertheless the widespread limonite coating on fracture
planes indicate that water has circulated along the fractures. Limonite coating is equally
developed along all fracture set and therefore does not show evidence of a preferential water
drainage system. Currentiy the ground water come from the base of the sandstone and notably
from the contact basal conglomerate-sandstone. When the conglomerate is missing (mostly
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Section 3 Results

above pegmatite) the unconformity acts as a drain. The alteration of bedding joints throughout
the pit shows how important they are for the ground water circulation. In the lower benches
(373, 359) it is frequent to see thick recent clay sealing the bedding. No evidences of water
seepage have been noticed in the basement. Therefore the unconformity seems to be a
important hydrogeologic interface.
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Section 3 Results

Bench | Stations Fractures Nb Fracture Bensity (i110m) Fracture %
Nb totality | altered | hyd.br. | totality | altered | hyd.br. | altered | hyd. br.
421 89 2925 619 87 32.9 7 1 21.1 3
397 88 1895 589 168 28.7 8.8 2.5 311 9 .
373 13 372 143 49 28.6 11 3.8 38.4 13.1
359 16 406 78 4 254 4.9 0.25 19.5 1
All 184 5598 1429 309 304 7.8 1.7 255 558
Tahle 1

Density (/10m) and percentage of totality, altered and hydraulic breceia fractures (weighted)

Bench 130-180° 40-70° 70-100°
Nb Density Nb Density Nb Density
421 777 8.7 518 5.8 298 33
387 280 4.2 347 5.3 264 4.0
373 g7 7.5 118 8.9 81 6.2
359 124 7.7 21 1.3 74 46
Tabie 2

Density (10m;) of the three main trends of fractures (weighted)

CQOGEMA Resources Inc. November 27, 1997
JEB Tailings Management Facility Version 1897.1
G:\OperatiMcClean\Wanuals\JEB Pit Tailings Management Facility Page 3-8



Section 4 Conclusion

40 CONCLUSION

This study confirms the presence of the three groups of fractures trending N130-160°, N40-70°
and N70-80°. In the basement NW-SE and NE-SW fractures have been observed but the main
fracturing occurred aiong N100-110° trending corridors and graphite shear zone. This direction
is not well reflected in the sandstone. The rheologic contrast between marginal pegmatite-rich
zones and the central graphitic mylonitic gneiss played a important part for the structures of the
JEB ore deposit.

The sandstone fracturing in JEB pit is in large way related to the ore deposit event. The vertical
distribution of the fractures and alteration fits with an hydraulic fracturing model. The alteration
is distributed uniformly throughout the different fracture groups.

The main aitered zone (broad hydraulic breccia) is located on the west wall of JEB pit. It seems
that it is restricted to the vicinity of the ore body.

Porous hydraulic breccia are a potential drain for ground water but they have no vertical or
harizontal continuity. The control of the water circulation is rather stratigraphic through bedding
joints and maijor stratigraphic discontinuity like the basal conglomerate-sandstone contact or the
unconformity. The altered sandstone (~397-370m) which is characterized by a broader
development of subvertical breccia and altered fractures as well as stronger alteration of
bedding joints will certainly represent the main drainage unit. No potential vertical hydrogeologic
barrier could be identified as clay-rich hydraulic breccia developing above the unconformity
show a poor lateral and vertical continuity. Nevertheless NE fractures on the eastern wall limits
the eastern extension of the major hydraulic breccia (lower sandstones) and might therefore
create a permeability contrast between the NW and SE part of the pit.
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