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1.

INTRODUCTION

1.1

Background and Scope
The region around the Giant Mine, bounded by the West Bay and Akaitcho faults, and
Great Slave Lake (Figure 1), is transected by a high density of Proterozoic faults. This
generation of faults developed in conjunction with the large displacements on the
West Bay and Akaitcho faults that are responsible for the offset between the Giant and
Con deposits. This fault system comprises the most important structures in terms of
hydrogeological and geotechnical issues around the arsenic chambers in the Giant
Mine.
Regional and mine scale studies of the Proterozoic fault system were undertaken in
order to characterize the nature and distribution of the faults, and to provide a
structural context for subsequent hydrogeological and geotechnical assessments. The
study involved review of the existing geological and structural data for the area, along
with reconnaissance mapping, on surface and underground, during two brief field
visits, in February and October, 2000. Following the field visits, the regional structural
setting of the Giant Mine was characterized in terms of ‘lithostructural domains’, on
the basis of structural orientations, density and dominant rock types.
This report describes observations made on the Proterozoic fault system during the
course of this study, from both the field checks and existing maps.

1.2

Previous Work
A number of structural geology studies have been conducted on the area, each with a
different set of objectives, but mostly focused on those structures controlling ore
emplacement. As stated above, the most important structures, in terms of
hydrogeology and geotech, are the Proterozoic faults, which offset the ore body, and
are therefore unrelated to ore development.
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West Bay Fault

Akaitcho Fault

Figure 1 - General geology around the Giant Mine, Yellowknife, NWT (Siddorn and Cruden, 2000).
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Previous reports covering a number of different structural aspects are summarized
below:
Duplan, L. (pre-1971)
•
airphoto lineament analysis
•
photomosaics of Yellowknife area with highlighted lineaments
•
photos available, but report not found
Henri, J. and Richert, J.P. (1972). ‘Structural analysis of the Mining Property of Giant
Yellowknife Mines’
•
originally in french, translated version available
•
evaluation of airphoto lineament analysis by L. Duplan
•
macro- and microscopic fabric analysis and description of deformation in
terms of heterogeneous strain in a flattening strain field, which produced
anastomosing shear zones around isolated ‘fish-like’ lenses of lower strain.
•
report available, but no photos, data or maps found
Norm Brown (1992). ‘Evolution of Deformation and Mineralization Styles within the
Giant Shear Zone Complex, Yellowknife, NWT, Canada’
•
PhD thesis
•
much data lost in a fire (Hendrick Falck, pers. comm.) and the thesis itself
is predominantly a study of fabric-forming mechanisms and lacks a
structural portrayal of the mine
•
the best descriptions from this work are found in progress reports submitted
to Don Lewis in 1988
Intera Consultants Ltd. (1995). ‘Hydrogeological and hydrogeochemical study of the
Miramar Con Mine - Yellowknife, NWT’
•
detailed descriptions of fault-specific pump tests, stress measurements,
geochemical and isotopic analyses of groundwater at the Con Mine
•
full report available on-site, or from Atomic Energy Control Board, Ottawa
(Report 95-212)
Bill Barclay (1996). ‘Aspects of Structural Geology at the Giant Mine, Yellowknife,
NWT’
•
partly focused on distribution and kinematics of late faults (‘slips’)
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detailed mapping in two areas; fault data plotted on stereonets (these plots
constitute the only orientation data found on these structures during this
site visit)

Fracflow Report (1999). ‘Preliminary Hydrogeological, Geochemical and Isotopic
Investigations at the Giant Mine, Yellowknife, NWT”
•
fracture study and numerical modelling of groundwater flow, during and
after mine flooding.
•
fracture measurements on 17 horizontal/sub-horizontal scanlines did not
produce a predictable regularity in the fracture patterns, and the data was
not included in the flow model. The mine workings were considered to
play the dominant role in the flow patterns, and the rock was treated as an
hydraulically isotropic medium.
James Siddorn (Ph.D. thesis in progress)
•
Research to date published in two extended abstracts and two posters;
available on-site.
•
The study is focused, in part, on reconstructing the pre-deformation
geometry of the Giant and Con systems in an effort to develop a genetic
model for use in future exploration
•
Siddorn possesses the most comprehensive understanding of the 3D
geometry of the geology and fault systems around the ‘B shaft’, of anyone
who has worked on the deposit.
Extech III Project (in progress)
•
Large focus on producing a comprehensive 3D picture of the ore system at
Giant
•
Will be achieved through re-logging of core from up to 3,000 drill holes,
compiling all significant geological data, and drilling of a number of
strategically defined holes
The reports by Henri and Richert (1972) and Brown (1992) provide good descriptions
of the ductile deformation fabrics around the mine, but lack detailed analyses of the
younger faults and fractures. Two reports focused on these younger structures, Barclay
(1996) and Fracflow (1999). Barclay’s report presents the best known descriptions of
the late, brittle faults, but only focused on two small areas underground. The Fracflow
report contains stereoplots for approximately 500 fractures and some faults, but the
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data were subject to limited analyses, and the study is inconclusive in terms of its
characterization of the structures and their distribution.
The best geological maps currently available were produced in the mid-1960s by Jim
Kelly and Ken Polk. Structures in the vicinity of the Giant Mine were mapped in great
detail at a scale of 1:1000, providing an impressive portrayal of the density and
distribution of faults and shear zones. These maps have been scanned, and some
structural data have been extracted for the lithostructural domain analysis described
below.
Until very recently, the bulk of the geological data at Giant was recorded on crosssections, and comparatively little effort was directed towards the production of
geological plans. This has resulted in a generally poor understanding of the
3-dimensional geometry of the ore system and associated structures. Efforts by
J. Siddorn to integrate geological sections and level plans, in order to produce such a
3D picture, have met with frustrating inconsistencies between the two datasets. These
inconsistencies arise, in part, from the lack of a 3D focus in the original recording of
the data, but also from the subjectivity of the large number of different geologists who
have worked at the mine over the years. One of the primary goals of the Extech III
program is to resolve this lack of understanding.
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REGIONAL STRUCTURES
The Proterozoic West Bay Fault system comprises a vast number of faults, occurring
with wide ranges in orientation, strike length, displacement directions and magnitudes,
and distribution frequencies. This fault system can be divided into three categories, on
the basis of strike length and significance to the overall deformation: 1st order
bounding structures (West Bay and Akaitcho faults), 2nd order major faults (Townsite,
3-12, Rudolph, Ole faults, and unnamed faults of comparable magnitude, ~74 total),
and 3rd order minor faults (more than 3500 mapped structures).

2.1.1

Bounding structures
The two major bounding faults, the West Bay and Akaitcho faults, are continuous
across the entire region. Where observed, these structures are developed over widths
ranging from 30 cm to more than 1 meter. The displacement along these structures
was predominantly sinistral, with a small dip slip component, and may have been as
much as several kilometres along the West Bay, and more than one kilometre along
the Akaitcho.
These faults consist of intensely comminuted material ranging from very fine gouge to
clay. However; they are associated with numerous subsidiary structures which may be
gouge-filled or open along strike. Mineral infilling was not observed on these
structures. The degree to which these subsidiary structures are developed may be
expected to increase in the vicinity of flexures along the faults, for example, around
the West Bay Fault in the A1 Pit.

2.1.2

Major Faults
Exposures of major faults typically consist of zones of relatively closely spaced, subparallel, narrow structures (e.g. 3-12 and Rudolph faults), rather than being discrete,
continuous structures (e.g. Townsite fault). Surface exposures of the Rudolph fault
show that it comprises a number of discontinuous fault segments that are sub-parallel
and not quite co-linear (offset by several metres across strike). The 3-12 fault appears
to exhibit similar characteristics in underground exposures (James Siddorn, pers.
comm.). While these individual structures cannot be shown to be continuous for more
than a few 100 meters on exposed surfaces, they may still converge at some point in
the subsurface, or they may be connected by subsidiary structures along their length.
Thus, these faults may be referred to as fault ‘zones’, but will be referred to simply as
faults, since their continuity in the subsurface is unknown.
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The major faults are quite varied in their amount of gouge or mineral fill, and are
commonly associated with a significant number of subsidiary structures. In some
places, these faults consist of no more than a single, discrete, gouge-filled structure
(Figure 2); whereas, along strike, the same fault may comprise broad zones of
intensely fractured material surrounding a central gouge-filled fault (Figure 3). High
degrees of fault-related fracturing were rarely observed and may be restricted to
intersections of major structures. In most cases, the major faults are gouge-filled, and
open segments are very limited in extent.
Major faults consist of the known, named faults (e.g. Rudolph, 3-12, Townsite and Ole
faults), as well as a number of faults interpreted from Kelly and Polk’s maps. Most
interpreted faults consist of narrow corridors, in which there is a high density of
mapped, sub-parallel faults, and some may be inferred from prominent lineaments in
the topography.
2.1.3

Minor Faults
Minor faults are typically narrow structures with limited displacements and strike
lengths (less than 100 meters). They occur at a wide range of orientations, but have
dominant NW-SE to N-S trends that generally coincide with the principal orientations
of the major structures. This coincidence of orientation supports the interpretation that
they are all part of a single structural system.
Minor faults commonly contain quartz and/or vuggy calcite vein fillings (Figure 4),
associated with a well-developed shear foliation. However, in most cases, these
structures have been reactivated during a younger brittle event, which produced
fracturing of the vein fill and gouge development (Figure 5). The minor faults rarely
have a significant gouge component, and more commonly comprise coarse brecciated
material in isolated segments along their length (Figure 6), causing variations from
tight to open along strike. Hematite staining on many of these faults indicates that
they have been exposed to young, oxidized fluids, probably meteoric in origin. Minor
faults commonly contain arrays of subsidiary structures, which may extend up to 0.5
meters on either side of the fault (Figure 7), and form an interconnected fault network
across the entire region (Figure 8).
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Figure 2 - Example of a discrete major fault (3-12 fault) with well-developed gouge fill and limited
amount of subsidiary structures.

Figure 3 – The 3-12 fault, 15 meters away from figure 2, exhibits intense brecciation up to 3 meters
into its hanging wall.
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Figure 4 - Calcite crystals and stibnite rosettes in fault-hosted vein indicate open-space filling and
mineralization of some of the minor faults.

Figure 5 - Minor structures commonly contain central quartz or calcite vein filling associated with a
well-developed foliation, but later brittle reactivation of the faults produces open
fractures, gouge and brecciation along most of these structures.
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Figure 6 - Intensely brecciated segment developed locally in minor fault. Note hematite staining along
fault and nearby fracture surfaces.

Figure 7 - Subsidiary fracture array developed in association with minor fault in pillow basalts. Note
hematite staining along fault and fracture array.

Figure 8 - Characteristic example of minor fault network developed in foliated mafic volcanics.
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Lithostructural domains
Kelly and Polk’s maps were scanned and geo-referenced to the Giant Mine
engineering grid. All of the faults (3496 minor faults and 74 major faults) were
digitized into a MapInfo database and plotted at a scale of 1:3000 for structural
interpretation and construction of lithostructural domains.

2.2.1

Domain Concept and Model
Structures in and around the Giant mine are developed at a variety of orientations,
with variable styles and extents. This variability is expected to be partly controlled by
the distribution of individual structures, with respect to major and/or bounding
structures, and partly by the lithologies in which they are developed. This spatial
variation was therefore examined in terms of ‘lithostructural domains’ in order to
produce a synthesis of the structural system, at a regional scale, that might provide a
useful context for subsequent hydrogeological studies.
A lithostructural domain is defined as an area or volume of rock that exhibits some
degree of uniformity in terms of its structural characteristics (e.g. Figure 9). This
uniformity may be expressed by a common orientation(s) of structures, or uniform
frequency/intensity developed within a definable area. Changes in domain
characteristics commonly coincide with changes in the dominant rock type, or across
major structures, as defined in Kelly and Polk’s maps (1966-67).
For example, in Figure 9, Domain 1 comprises weakly-foliated, basalt flows; faults
are predominantly parallel to bedding and foliation planes; ~1 fault/10m; faults are
continuous over >15 m strike length and poorly connected across strike; Domain 2 is
characterized by weakly-foliated pillow basalts; more varied orientations of faults
(likely due to pre-existing anisotropies in the host rock - i.e. pillows); dominant fault
orientation trends more easterly, relative to Domain 1; ~3 faults/10m; continuous over
5 to >15 m strike length; moderately well-connected across strike; and the 3-12 Fault
Domain consists of a major structural corridor with a master fault (3-12) and subparallel subsidiary fault splays; faults may be continuous along strike for more than
100 metres, but stepped (en echelon) and discontinuous along the full length of the
corridor (~1km).
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Detailed geology map of a segment
of the 3-12 fault (north of the B1 pit),
mapping by Jim Kelly and Ken Polk
(ca.1965-67).
Scale bar = approx. 25m

Interpreted geology overlay.
Structures have been grouped
according to their character and
orientation. Red lines = 3-12 fault
and associated splays; Black lines
= narrow shears, or, ‘slips’; Dark
green zones = chlorite/sericite
schist or shear zones; mauve =
gabbro dyke; transparent green =
pillowed basalts; transparent mint
green = basalt flows.

Domain
Domain Analysis.
Analysis.
Domains
Domains defined
defined on
on the
the
basis
basis of
of structural
structural and
and
lithological
lithological characteristics

Figure 9 - Illustration of the lithostructural domain concept. See text for details.
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Domains
Eleven litho-structural domains have been interpreted in the Giant Mine area, on the
basis of minor fault trends (i.e. strike only) and lithological contrasts (Figure 10).
There are a number of different domains where dominant structural trends can be
clearly identified, and others that contain more than one well-developed fault set. The
domains are bounded by major structures, and in some cases, their boundaries
coincide with lithological contacts.
Lithological control is a function of inherent weaknesses in the rock and contrasting
rheologies between different units. For example, pillow basalts have an inherently
high density of irregularly oriented discontinuities (i.e. pillow selvedges, Figure 11
and Figure 12), and will tend to develop a wide range of fault/fracture orientations
(e.g. domains 8, 10 and 11). On the other hand, well-foliated mafic volcanic rocks
will tend to have a single, consistently oriented rock fabric (weakness plane), and thus,
will preferentially develop a single, strong fault orientation (e.g. domains 4 and 7).
The southeastern boundary of Domain 5 coincides with a contact between a highly
competent gabbro intrusive, and less competent sedimentary rocks of the Townsite
Formation. Smaller gabbro dykes occur throughout the property, within many of the
other domains, but are not large enough to have a significant control on the regional
scale fault patterns.
Fault Domains
Each of the major faults (blue lines in Figure 10) has been assigned a ‘domain of
influence’ (red) that extends approximately 50 meters on either side of each fault.
This domain is meant to include all subsidiary faults associated with the main
structure, and can include sub-parallel faults, splays and bifurcations, as well as minor
faults that intersect the structure at a high angle.
Domain 1
Domain 1 is bound by the West Bay and Townsite Faults. The dominant NNW-SSE
trend of minor faults in this domain is clearly governed by the two bounding major
faults. Exposed rock in this domain exhibits a very high density of faulting.
Domain 2
Domain 2 is small sliver of rock adjacent to the West Bay fault and is bounded by the
Ole fault to the east. This domain is characterized by a dominant E-W trend for minor
faults. The domain is cut by two en echelon major faults at a low angle to the West
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Bay fault whose asymmetry is compatible with sinistral strike-slip movement on the
West Bay fault. The domain contains a subordinate amount of minor faults, parallel to
these en echelon major faults.

Ole Fault

3-12 Fault

Rudolph Fault

Townsite Fault

Figure 10 - Summary of the lithostructural domain interpretation around the Giant Mine, NWT.
1CI001.10_Support_Doc_1_CBL_StructuralGeology_Final-pdf.doc/12/19/2002 11:04 AM/mrr

SRK Consulting
December, 2002

Giant Mine - Structural Geology

page 15

Figure 11 - Pillow selvedges act as weakness planes/discontinuities that can facilitate faulting at a
variety of different orientations. Rusty iron staining illustrates the higher permeabilities
of the pillow selvedges.

Figure 12 - Photograph illustrating a typical outcrop of pillow basalts in Domain 10.
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Domain 3
Domain 3 is adjacent to the Akaitcho fault and is bounded to the west by interpreted
major faults. These faults were interpreted from topographic lineaments that locally
coincide with a high density of parallel minor faults on Kelly and Polk’s maps, and by
the fact that they separate the distinct NW-SE structural trend of Domain 3 from
adjacent domains. The orientation of faults in Domain 3 seems to be strongly
influenced by the adjacent Akaitcho fault.
Domain 4
Domain 4 hosts the arsenic chambers and much of the ore sequence in the Giant mine.
The dominant fault directions here are parallel to the volcanic stratigraphy and the
penetrative tectonic fabric that encloses the ore. This NNE-SSW trend also dominates
in Domain 7, where the penetrative fabrics associated with the mineralization are also
well-developed. The NNW-SSE trend is therefore interpreted to have been strongly
controlled by the orientation of the pre-existing fabrics and the deformed stratigraphy.
Domain 5
In Domain 5, the fault orientations tend to swing towards the NNW. The change in
orientations occurs fairly abruptly at a lithological boundary between the mafic
volcanics and sediments (Townsite Fm) of domain 4 and 7, and a large gabbro
intrusive. Rheological contrasts between the gabbro of Domain 5, and the mafic
volcanics/sediments of Domains 4 and 7, is likely responsible for this change in fault
behaviour. The boundary between these two domains is thus drawn along the
lithological contact between the two.
Domain 6
Domain 6 has both a dominant N-S trend and an E-W trend, both of which are likely
controlled by proximity to the West Bay and Akaitcho faults. The development of the
E-W trend suggests similar controls to Domain 2, adjacent to the West Bay fault.
These faults may be very poorly developed conjugate faults, related to movements
along the West Bay fault. As such, they may be expected to exhibit minor dextral
displacements.
Domain 7
Domain 7 is very similar to Domain 4, as discussed above, but is separated from it by
the 3-12 fault. They were separated in this interpretation, since the 3-12 fault is a
fairly significant structure in the Giant Mine workings and may influence hydraulic
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conductivity between the two domains. From a hydrogeological perspective, these
two regions may therefore behave differently.
Domain 8
Domain 8 is dominated by relatively weakly deformed pillow basalts, which impart a
‘blocky’ nature to the rock. The resulting spread of fault orientations may be
attributable to this lithological/rheological characteristic of the pillows.
Domain 9
Domain 9 has a very well developed NW-SE trending fault population. This trend is
also well developed, but not uniquely so, in the adjacent domains 10 and 11. This
orientation is an unexpected fault direction in this region, since there does not appear
to be any regional-scale structure to control it, as in the domains adjacent to the West
Bay and Akaitcho faults. Nevertheless, it is a significant feature of each domain along
the Great Slave Lake shoreline, and is roughly parallel to the topographic gradient
between the lake and the mine.
Domain 10
Domain 10 has the dominant NW-SE structures as well as the fault set at a high angle
to the West Bay structure. In this case, the high angle structures are more likely
related to the Townsite fault.
Domain 11
Domain 11 contains the NW-SE set, but also a strong N-S set. The latter may be
reflecting an influence from the three interpreted structures to the east.
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Two broad rock types were recognized underground, during the field visit carried out
for this study: chlorite schist and sericite schist. The sericite schist encloses most of
the ore bodies, and has a very irregular distribution (Figure 13). Both rock types are
variably deformed, with numerous high strain zones separating less-deformed rocks.
The high strain zones range in width from less than 1 meter to more than 50 meters.
They are exposed over strike lengths of more than 100 metres underground, and
probably extend for considerable distances beyond the mine workings. The high strain
zones have generally steep to moderate dips towards the east and west, with a
predominantly north to northeast strike. Zones of high strain are preferentially
developed in the sericite schist, and very well-developed around most ore bodies.
Less-deformed rocks carry a variably-developed foliation that has a predominantly
steep dip and northerly strike, but is locally folded about shallow, north-plunging
hinges. At least two generations of ductile fabrics are present in the rocks, but the
reader is referred to J. Siddorn’s posters and abstracts for a more detailed description
of these structures.
The high strain zones and the intervening zones of lower strain, are transected and
variably offset by many younger, brittle structures. These structures are of primary
significance in terms of their hydraulic properties (conduits or barriers) and stability of
the rock mass. They may be subdivided, on the basis of scale and distribution, into 1st,
2nd and 3rd order structures. 1st order structures are synonymous with the ‘major
structures’ at the regional scale, and the regional ‘minor structures’ comprise the 2nd
and 3rd order structures seen underground.
1st order structures are continuous for many 100s of metres, and occur only once at
the mine scale; although, they may be repeated at larger scales. They include the major
bounding faults, such as the West Bay, Townsite and Akaitcho faults, which have
accommodated 100s of meters to several kilometers of displacement, as well as,
relatively minor faults, such as the Rudolph, 3-12 and Ole faults, which record slips of
less than 50 meters.
The Akaitcho Fault was the only accessible major structure during the field visit. The
fault deflects and truncates the northernmost termination of ore in the 11-83 stope, and
is defined by a zone of intensely sheared and clay-altered rock. Exposed fault rocks
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Figure 13 - Detailed geology in the vicinity of the B-Shaft, around the arsenic chambers. Map compiled from cross-sections and plans by Sharon
Cunningham, Royal Oak geologist.
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consist of a 20 cm wide zone of clay and up to 50 cm of sheared and fractured rock
(Figure 14 and Figure 15), but the full width of the fault is not known.
Where observed, the Rudolph Fault, 3-12 Fault and Ole Fault are very narrow
structures, typically less than 5 centimetres wide, but up to 10 centimetres in places
(Figure 16). They may contain central quartz veins, and commonly comprise sets of
narrower splays, which bifurcate from the main faults at low to moderate angles
(Figure 17). The 3-12 and Ole faults can be found on Figure 13, and the Rudolph fault
(an “E-W” fault) is located south of the C shaft. These faults are differentiated from
2nd order structures by virtue of their continuity along strike.
2nd order structures are continuous for 10's of meters or less, and occur as faults and
fractures at a variety of orientations, with regular or irregular spacings ranging from 3
to 50 meters. Displacements across these faults are typically less than 1 meter. They
are highly varied in terms of their widths of gouge development (1 mm to 10 cm),
cementation (quartz, calcite, chlorite), degree of plasticity (i.e. fabric development)
and orientation. Many of the 2nd order structures may be related to the 1st order
structures, possibly as splays or less well-developed products of the same deformation,
but their variability suggests that they comprise several generations of faulting. Figure
18 shows an example of a 2nd order structure.
3rd order structures are continuous for less than 20 meters, and occur as regularlyspaced structures that are repeated on a centimetre to meter scale. These structures
include joints and fractures, which, in rare cases, have accommodated small amounts
(<5 cm) of slip. Joints and fractures may be open or closed and coated with calcite.
Some joints have a distinct red (hematite?) coating. 3rd order structures are considered
to be an integral property of the rock mass, but vary according to their host lithology.

3.2

Relationship of Brittle Structures to Geological Units
1st order structures transect all geological units, and are independent of lithology;
whereas, 2nd and 3rd order structures show varying degrees of dependence on rock
type.
2nd order structures occur in all rock types, and commonly transect lithological
boundaries. However, they tend to preferentially exploit pre-existing discontinuities,
such as high strain zones (Figure 18) and contacts between the chlorite and sericite
schists. One such structure, in the hanging wall of a shallow-dipping stope, has caused
major instabilities and failures in the back (Figure 19).
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Figure 14 - Akaitcho Fault, 11-83 stope. Intensely-fractured and clay-altered rock .
Note dryness of rock.

Figure 15 – Akaitcho Fault. Slickensides and steps on clay-altered gouge surface indicate dextral
movement.
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Figure 16 - Examples of minor 1st order structures. (a) Small section of the 3-12 Fault with a 5 cm
wide cataclastic zone, including brecciated rock fragments and gouge, (b) Narrow splay
from the Rudolph Fault, with bifurcating splays enclosing brecciated rock (to the right
of Mike Stacey’s hand), (c) Splay from the Ole Fault cutting strongly foliated rock in the
west wall of the B2 pit, with up to 10 cm of gouge and rock fragments.
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Figure 17 - Example of minor 1st order structure with a central quartz vein and bifurcating splays,
cutting strongly-foliated, chlorite schist. Note minor amounts of fabric development
within the upper portion of the fault.

Figure 18 - 2nd order structure preferentially developed at contact between highly-strained sericite
schist (below) and relatively undeformed and unaltered rock (above).
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Figure 19 - Failure along 2nd order structures in the hanging wall of a shallow dipping ore body in
the B shaft area. (a) Collapsed block, approximately 600 tons, controlled by 2nd order
structures, parallel and perpendicular to the high strain zone. (b) Historical support
methods in the same stope.
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3rd order structures also occur in all units, but appear to vary between rock types. In
the chlorite schist, joints and fractures rarely develop more than one or two regular
sets. They are commonly curved and discontinuous. Mine workings in this unit
typically require limited ground support. The sericite schist, on the other hand,
appears to coincide with regions where wedge failure has occurred in the backs, and
more effort is required to stabilize the drifts. These areas are characterized by at least 3
regular joint sets

3.3

Hydraulic Properties of the Various Structures
The only major 1st order structure observed (Akaitcho Fault) is dry. The clay gouge in
the fault is moist, but there is no evidence of significant groundwater flow (staining
along associated fractures, etc.). Other 1st order structures show highly variable
degrees of wetness, and no correlation was found between the orientation of these
structures and the amount of water staining or flow. Both E-W structures (Rudolph
Fault and associated splays) and N-S structures (3-12 and Ole fault systems) exhibit
wet and dry areas.
2nd order or ‘minor’ structures, associated with high strain zones, consistently produce
the most amount of water. This is true for structures at both high (E-W) and low (N-S)
angles to the predominantly north-south-trending high strain zones around the
orebodies. Water occurs in patchy areas along the high strain zones, and is most
obvious in areas where they intersect another 2nd order structure. 3rd order structures
are typically dry, but may be water-bearing in the vicinity of other wet structures.
Some impressive examples of water incursion into the mine workings may be
controlled by the relationship between 2nd order structures and the highly-strained ore
zones. For example, drill holes intersecting the 3-70 ore zone, from below, produce
enough water to fill a sump that supplies much, or all, of the drilling on that level. The
ore zone itself is relatively dry, but is bound by wet, 2nd order structures. One of the
bulkheads for the C212 chamber sits within a high strain zone that is producing water
from 2nd order faults over more than a 50 meter strike length. The bulkhead is
deteriorating as a result of water damage, and the amount of flow is made obvious by
the presence of bacterial growth (Figure 20).
Water-bearing structures in the mine occur at all orientations. This observation
significantly undermines predictions of hydraulic transmissivity, made on the basis of
orientation alone. It has been suggested (Fracflow, 1999), on the basis of extrapolation
from the Con Mine, that the ambient stress conditions will effectively seal the N-S
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Figure 20 - Badly deteriorated bulkhead of the C212 Chamber. Water flow, around the cement-rock
contact and from faulted high strain rocks, is associated with bacterial growth.

faults, and open the E-W. This prediction rests on two assumptions that may be illfounded: (i) stress conditions at Con (at depths greater than 700 meters) are analogous
to those at Giant (at depths less than 700 meters), and (ii) normal stress, acting across
a fault plane, has a direct control on its hydraulic transmissivity.
Stress-strain theory predicts that planar discontinuities, oriented perpendicular to the
minimum compressive stress (s3), will open preferentially to those at any other
orientation. In other words, a stress field with an E-W s1, and a N-S s3, will
encourage dilation of E-W faults, preferentially, over N-S faults. However, at shallow
depths, the loss of confining pressure results in a switch from a horizontal s3 to a
vertical s3, which should encourage dilation of horizontal structures (Figure 21a).
Further, if the stresses are produced as a result of Poisson’s ratio, as suggested by
Fracflow (1999), then the overall stress magnitudes will be significantly reduced close
to surface, and their effects correspondingly lessened. Figure 21b is a plot of the ratio
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of horizontal to vertical stresses versus depth (from Franklin and Dusseault, 1989),
and shows how dramatically the stress conditions change at shallow depths.
Qualitative observations of wet versus dry faults and fractures, made during this study,
do not support the prediction that N-S structures are relatively dry. Indeed, some of the
wettest structures are 2nd order structures, oriented in a N-S direction. The fact that
2nd order structures, in general, preferentially occur along the boundaries of high
strain zones and lithological contacts, coupled with the predominantly north-south
trend of these features, implies that the N-S direction has a high potential for
significant groundwater flow.
The enhanced development of 2nd order structures within sericite schist, and around
the ore bodies also has strong implications for stability in at least 5 of the arsenic
stopes: B208, B212, B213, B214, C212. 3rd order structures in these same areas will
also require special attention, if ground stability becomes an issue.

Figure 21 – Example of measured stress variations with depth provide possible analog for the state of
stress at the Giant and Con mines. (a) Vertical stress component can usually be
predicted from weight of overburden. (b) Ratio of horizontal to vertical stress rapidly
increases towards shallower depths, less than 700 meters (from Franklin and Dusseault,
1989).
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CHAMBER AND STOPE AREAS
The arsenic chambers and stopes reside in a volume of rock that is bounded by the 312, Rudolph, Ole and Townsite faults (Figure 22). Internally, this rock volume is
relatively free of major structures; however, projection of the Ole fault from surface
(G. Kirkham fault model), indicates that it may truncate Chamber #15 (see also Figure
23). During mapping by the Royal Oak mine geologists (Nov., 1997), water seepage
was observed from two different faults in Chamber #15.
The background rock mass, away from the major structures, contains a relatively high
density of small scale structures, consisting of a network of minor shear zones (Figure
24). These structures cross-cut and truncate each other at relatively high angles,
forming fault patterns similar to those observed elsewhere on the Giant mine property
(c.f. Figure 8 and Figure 12).
While the arsenic-filled chambers and stopes away from the UBC area are not
transected by any major Proterozoic faults, they are found in or adjacent to the main
ore zones, which consist of highly strained sericitic schist (c.f. Figure 13 and Figure
25). This rock type has been recognized as typically having a higher density of minor
faults and fractures than other rock types, and the competence contrasts between it and
the adjacent chlorite schist provide an ideal site for the development of small scale
structures.
Most of the stopes and chambers occupy steeply-dipping sericite or chlorite schist and,
thus, remain fairly stable; whereas, stope B212, 213 and 214 rest in the nose of a
major fold developed in the sericite schist. The dominant sericite schistosity is rotated
through very shallow-dipping attitudes around this fold nose, creating a very unstable
environment where the primary weakness plane in the rock is sub-horizontal. This
instability has resulted in some failures in this area, including a major hanging wall
collapse in the B 2-08/2-07 stopes (See Supporting Document 7: Re-assessment of
Mining Methods, Giant Mine Arsenic Trioxide Dust; Section 4 and Section 5.2.1).
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Townsite fault

Ole fault

Ole fault

3-12 fault

Rudolph fault

Diabase dykes
Arsenic
Chambers

North

Figure 22 – 3D, aerial view of major structures, as mapped on surface (transparent blue) and
underground (red), and diabase dykes (blue) in the vicinity of the arsenic chambers. The
rock volume hosting the chambers is relatively free of major structures, with the
exception of the Ole fault, which appears to cut through Chamber #15.
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Ole fault?

H2O flow observed
in back
Figure 23 - Fault and fracture mapping of upper sill level, Chamber #15. The NW trending fault
(wavy line) may correlate with the Ole fault mapped on surface in the UBC pit. Water
flow from the back was noted in two locations.

Figure 24 - Mapped structures in Chambers #12 and #14 illustrate the background fault density and
style of the fault network away from the major structures.
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B212
B213
B214

North

Chamber 12
Chamber 15

Shear zone developed in
sericite schist

Chamber 14

Figure 25 - Aerial view of the arsenic chambers seen in relation to the principal shear zone that
hosted the Giant ore zones. The shear zone is folded such that steeply-dipping limbs
rotate through a shallow-plunging fold nose. The B212, B213 and B214 arsenic-filled
stopes rest in the hinge of the fold, and the shallow dip of the primary schistosity results
in a high instability of open excavations in this area.
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This study has shown that the structural trends around the Giant Mine have a domainal
distribution. This distribution is controlled, in part, by the orientations of the major
bounding structures, the West Bay and Akaitcho faults, but also by the distribution of
the dominant lithologies in each domain.
The domains are characterized by one, two or, in some cases, three prominent
structural trends. The population of trends appears to change fairly abruptly across
domain boundaries, indicating that the structures in each domain formed in response to
distinct local stress fields, bounded by the major structures. The major structures,
therefore, acted as accommodation zones between the separate domains, and, as such,
they are likely to have experienced greater amounts of movement, gouge development
and, potentially, hydrothermal circulation and mineralization.
The lithostructural domain interpretation presented here is based solely on surface
exposures of the faults, and the orientation data is only 2D. Interaction between the
various structures at depth is likely to be the same as it is along strike; however, the
orientations of these zones will be governed by the 3D attitudes of the intersecting
structures, such that both steep- and shallow-plunging zones are expected.
5.1.1

Hydrogeological Properties of the Regional Structures
The potential influence of the structures on groundwater flow will vary according to
their scale of development. Major structures include those faults that are continuous
over significant distances and intersect many other structures. Minor faults, on the
other hand, are truly discrete, yet pervasive, features that may or may not intersect
other structures. The minor fault population may, therefore, be thought of as a
background anisotropy in the rock mass, but is not expected to channel large volumes
of groundwater.
The faults exhibit highly variable characteristics in terms of gouge and/or mineral fill
and aperture widths. This variability is indirectly corroborated by the variability in
observed groundwater flow from faults exposed underground. Single faults commonly
express groundwater only from localized areas, rather than behaving as continuous
planar conduits. The major faults, in particular, were dry along most of their observed
lengths. These observations have been supported by subsequent hydrogeological
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testing, which showed that the major faults behave as flow barriers, as opposed to
conduits, and that the groundwater system(s) is largely compartmentalized within the
different lithostructural domains and primarily stored in the discontinuous minor fault
network.
The low transmissivities of the major faults is likely related to the nature of the fault
fill, be it a fine fault gouge (i.e. clay) or a late mineral fill (e.g. carbonate, hematite or
quartz). The development of each type of fill has been observed to vary significantly
along the individual fault planes, such that some areas in the fault plane are more, or
less, permeable than others. Thus, it may be possible to attach an ‘average’
permeability to any given fault, but some variability must be expected along strike and
down dip.

5.2

Mine, Stope and Chamber Scale Structures
At the local scale, the 2nd order and 3rd order structures are of primary concern for
both hydrogeological and ground stability issues. They form the primary porosity in
the host rock around the mine (apart from the mine workings themselves), and occur,
repeatedly, at a scale that cannot be avoided by underground development. Their
limited extents will effectively cap their ability to conduct large volumes of
groundwater, but any local flow can be expected to be controlled by these structures.
The development of 2nd and 3rd order structures appears to be controlled, in part, by
the host lithology. The sericite schist unit and the high strain zones, around the ore
bodies, have particularly well-developed 2nd and 3rd order structures. This
relationship is very important around the arsenic stopes, since they occupy the minedout portions of ore zones, and are thus contained primarily by sericite schist and
associated high strain zones.
The B212, B213, B214 arsenic stopes occupy the hinge of a major fold in the orebearing schists. This area is characterized by a shallow-dipping, fissile, schistose
fabric that is prone to instability, as evidenced by the presence of several hanging wall
failures in this area (e.g. Figure 19). The region surrounding the other chambers
appears to consist of predominantly steeply-dipping sericite and chlorite schist and
may, therefore, behave in more stable fashion; however, the propensity of the sericite
to fracture development and minor faulting, will likely result in a relatively elevated
water conductivity in these areas.
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A 3D reconstruction of the regional faults by Garth Kirkham indicates that one of the
major structures, the Ole Fault, may transect Chamber #15. This is supported by the
underground mapping, which records a fault at the appropriate location with a similar
strike direction. This fault and associated subsidiary structures that transect this
chamber may explain the difficulties that Royal Oak encountered in trying to stop
water flow into the chamber.

This report, Project 1CI001.07,Giant Mine Arsenic Trioxide Project, Structural
Geology, has been prepared by:
STEFFEN, ROBERTSON AND KIRSTEN (CANADA) INC.

Chris Lee M.Sc.
Structural Geologist
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