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Abstract 

The Yanacocha Operation is an open pit gold mining operation in the Andes Mountains of Northern Peru. 
Since 1993, mining at Yanacocha has occurred in eight large pits, and several smaller pits. Mineralisation 
typically occurs in hydrothermally-altered volcanic rocks. Weak rocks at Yanacocha include argillically- and 
propylitically-altered volcanic rock masses, which are often in sharp contact with higher-strength rock 
masses with silica and silica-alunite alteration. Although mineralisation generally occurs in the silica-altered 
rock masses, pit slopes are developed in part in the weaker rocks. 

In October–November 2010, a deep-seated instability was identified in the north and northeast walls of the 
El Tapado (ET) Pit. The implications of the instability were substantial, in that it put up to 400,000 ounces of 
gold at risk in the ET Pit; and affected the planned production schedule for the adjacent El Tapado Oeste 
(ETO) Pit, as much of the waste from ETO was to be placed as backfill in the ET Pit. This instability also 
possessed the potential to propagate beyond the pit crest, and impact the stability of a large waste dump 
and a main haul road located just outside the pit limit. 

Mining in the area of the north wall was discontinued between December 2010 and July 2011 to allow for: 

 Geotechnical, geological, and hydrogeological characterisation. 

 Development of alternate mine plans. 

 Evaluation of design changes and development options. 

 Stability analyses. 

 Assessment of slope displacement experience. 

 Slope depressurisation. 

Mining resumed in July 2011, subject to slope displacement monitoring, and a process of continuous input 
and review from the site Geotechnical, Hydrogeological, Planning, and Mine Operations groups; and a 
group of external geotechnical and hydrogeological professionals. The ET Pit was completed successfully in 
July 2012. 

This case history summarises the conditions that contributed to the instability in the ET North wall; 
characterisation and mitigation work that contributed to a decision to proceed with mining; and results of 
subsequent pit development. 

doi:10.36487/ACG_rep/1308_25_Byers

https://doi.org/10.36487/ACG_rep/1308_25_Byers


Case history: deep-seated slope failure in weak rocks, El Tapado pit north wall,  G.A. Becerra Abregu et al. 
Yanacocha operation  

 

410 Slope Stability 2013, Brisbane, Australia 

1 Introduction 

The Yanacocha Operation is an open pit gold mining operation in the Andes Mountains of Northern Peru, 
about 550 km north-northwest of Lima, and 20 km north-northeast of the city of Cajamarca. 

The overall footprint of the site is about 18 km east-northeast, and 14 km north-northwest (Figure 1). Since 
1993, mining at Yanacocha has occurred in eight large pits, including the El Tapado Oeste, El Tapado, La 
Quinua, Yanacocha, Carachugo, Chaquicocha, San Jose, and Maqui Maqui Pits. 
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Figure 1 Existing mining areas 

The El Tapado (ET) Pit is located in the west half of the district. During Phase 2 mining in 
October−November 2010, a deep-seated instability was identified in the north and northeast walls of this 
pit. The implications of the instability were substantial, in that the resource model indicated about 
400,000 ounces of gold were at risk. The instability also affected the planned production schedule for the 
adjacent El Tapado Oeste (ETO) Pit, as much of the waste from ETO was to be used as backfill in the ET Pit. 

2 Site conditions 

2.1 Topography and climate 

The Yanacocha Operation is located in an area of rugged, but only locally steep topography. Site-wide, 
ground surface elevations vary from about 3,500 to 4,100 mRL; in the area of the ET and ETO Pits, 
elevations are between 3,500 and 4,030 mRL. 

Average annual precipitation recorded at a station near the ET and ETO Pits is 1,450 mm. Of the total 
annual precipitation, 80 to 95% occurs during a wet season between September and April. Virtually all of 
the precipitation occurs as rainfall, and rainfall events of 20 mm/hr are common. 

2.2 General geology 

The Yanacocha District consists of a northeast trending belt of high-sulfidation type, epithermal gold 
deposits, developed within Miocene age (10.9–12 Ma) andesite and dacite. The basement geology of the ET 
deposit features lithic-crystal pyroclastic volcanic rocks, intruded by phreatic breccias, porphyritic rocks, 
hydrothermal breccias, and phreato-magmatic breccias. 
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All lithologies were subjected to intense acid-sulfate alteration, and gold mineralisation occurs in late-stage, 
intensely silicified hydrothermal breccias. The pattern of alteration varies by deposit, but in general, 
mineralisation is concentrated in a silica-dominated core, which is surrounded by outwardly zoned 
assemblages of leached silica, advanced argillic, argillic, and propylitic alteration. Within each of these 
broad alteration types, alteration intensity occurs as a continuum, but the contacts between silica-
dominant and other alteration types at ET are in all cases sharply defined. 

Steeply-dipping, deposit-scale faults strike west-northwest, east-northeast, and north-northwest (Figure 2). 
These faults affect the distribution of alteration types at ET, and hydrothermal breccia occurrence in 
particular is controlled by ENE and WNW faults. 

 

Figure 2 Deposit-scale faulting (December 2010 pit topography) 

At the west end of the district, the Yanacocha, ET, and ETO deposits occur in a series of structural blocks 
that are down-dropped toward the west along E–NE and W–NW striking faults. The ET deposit was 
down-dropped relative to the Yanacocha deposit along the La Quinua and Carbon Faults; and the ETO 
deposit relative to the ET deposit along the El Tapado Fault. Displacement along the La Quinua Fault 
created the La Quinua basin, which was infilled with intercalated mudflow and fluvio-alluvial sediments, 
with maximum thickness on the order of 300 m. The source for some of this sediment was erosion of 
exposures of mineralised rock on the Yanacocha block to the east, such that the La Quinua basin fill was 
itself mineralised. The basin fill constituted a separate deposit in non-indurated sediments, overlying the ET 
bedrock deposit. This was mined by the La Quinua Pit. Most of the sediments in the La Quinua basin fill 
were assigned to the Upper Sequence Gravel (USG) and Lower Sequence Gravel (LSG) units. 
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The contact at the base of the La Quinua sediments is significant from a pit slope performance perspective. 
It was structural in some areas, as along the La Quinua Fault; and in other areas, it was a relatively flat-lying 
erosional surface. In either case, the contact was marked by medium- to high-plasticity, slickensided clays 
that contributed to instabilities during mining of the La Quinua and ET Pits (Perez et. al., 2011). 

3 Phase 2 El Tapado Pit 

Mining for the Phase 2 ET Pit was started in 2009. Exposures of the USG and LSG were developed along the 
upper north, east, and south walls during early Phase 2 mining and during the final development of the La 
Quinua Pit. Instabilities controlled by the gravel/bedrock contact occurred as the contact was exposed. 
These instabilities were mitigated with a combination of buttresses constructed along the contact; 
off-loading to reduce driving forces; and use of dewatering wells to decrease heads in the underlying 
bedrock. 

By November 2010, Phase 2 mining had developed the north and northeast walls down to elevation 
3,480 m (Figure 3). At that time, the mine plan called for completion of the Phase 2 Pit by Q2 of 2011, with 
a floor elevation of 3,324 mRL, and maximum overall heights for the north and northeast walls of 450 m 
and 525 m, respectively. 

 

Figure 3 Phase 2 ET pit topography, November 2010 

3.1 Geotechnical characterisation 

The geotechnical model for the Phase 2 ET Pit was generated from a three-dimensional model of alteration 
types; a conceptual hydrogeological model; and material and rock mass properties based on laboratory 
testing data, geotechnical core logging data, and empirical experience with as-built slopes throughout the 
Yanacocha Operation. 
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3.1.1 Geology 

Section LQN-3 (Figure 4) provides a representative indication of the alteration type distribution in the north 
and northeast walls of the Phase 2 ET Pit (see Figure 3 for section location).From a slope performance 
perspective, the most important features of the model included: 

 USG and LSG in the upper section of the wall, with a contact that was relatively flat-lying in the 
immediate area of the pit shell. 

 A ‘non-competent’ variant of propylitic alteration (NCP) in the middle section of the slope. 

 Massive silica alteration in the lower section of the slope (mineralised zone). 

 Argillic alteration (Clay 3) separating the propylitic and massive silica alteration. 

 A silica-alunite rock mass dipping toward the pit that approached within 100 m to 150 m of the pit 
shell. 
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Figure 4 Geological section LQN-3 

3.1.2 Material and rock mass shear strength parameters 

Slope stability evaluations of Yanacocha Operation pits are based on Mohr–Coulomb or Hoek–Brown 
criteria shear strength characterisations, depending on the material type. The parameters applied in the 
slope stability evaluation for the Phase 2 ET Pit prior to mining are listed in Table 1. 

Table 1 Material and rock mass shear strength parameters 

Unit Cohesion, kPa Friction Angle (°) 

USG / LSG (La Quinua Gravel Units) 10 39 

Fault gouge 0 20 

Silica clay 3 15 30 

Silica clay 2 15 32 

Non-competent propylitic (NCP) 15 32 

Contact, USG and LSG with bedrock 0 21 

Unit UCS, MPa GSI mi mb s D 

Massive silica 123 52 17 1.09 0.00082 0.75 

Silica alunite 37 51 17 1.03 0.00070 0.75 
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Propylitic 70 41 12 0.412 0.00016 0.75 

Granulars silica 2 48 50 12 0.69 0.0061 0.75 

Note: mi, mb, and s are material parameters for the Hoek–Brown shear strength criterion, which was applied for these alteration types. D is the 
disturbance value for the criterion, which ranges from 0 (undisturbed) to 100% (completely disturbed). 

 

3.2 Phase 2 ET pit slope design parameters 

The Phase 2 ET Pit was designed with a production bench height of 12 m, and the following inter-ramp 
angles: 

 USG – 37°. 

 LSG – 33°. 

 Clay 3 – 25°. 

 NCP and Silica Clay 2 – 32°. 

 Granular silica 2 – 43°. 

 ‘Competent’ propylitic – 45°. 

 Silica (vuggy and massive variants) – 52°. 

The geotechnical model did not indicate kinematic controls of slope designs, but rock mass strength was 
the controlling factor for all material types except the vuggy and massive silica. Overall slopes were 
designed to a minimum Factor of Safety (FS) of 1.2. 

3.3 Hydrogeology and dewatering 

Pre-mining hydrogeology in the La Quinua/ET area featured groundwater flow generally to the southwest, 
but separate head conditions in the USG/LSG, the silica-altered bedrock, and the surrounding lower-
permeability bedrock. Within the silica blocks, groundwater levels stepped down to the west across NNW-
striking faults. 

With the completion of the La Quinua Pit and the Phase 1 ET Pit, the USG and LSG were effectively drained 
in the ET Pit area, but remained susceptible to transient pore pressures due to surface water infiltration. 
The groundwater level in the silica core of the deposit was controlled by six ex-pit wells installed along the 
crest of the west wall, and by the end of Phase 1 mining, the silica groundwater level was below elevation 
3,363 mRL. 

The original dewatering strategy for development of the Phase 2 ET Pit focused on reducing through-flow 
from the east, and using the ex-pit wells to maintain a groundwater level below the pit floor in the silica 
core. Reduction of through-flow was achieved by continued pumping of wells located along the east side of 
the La Quinua Pit, which were originally installed to mitigate instabilities during mining of the La Quinua 
and Phase 1 ET Pits. During the time period of concern for this paper (November 2010 to July 2012), the 
silica groundwater level was kept below the pit floor, through a combined pumping rate for the ex-pit wells 
around 150 L/s. 

The NCP/argillic rock mass that surrounded the silica core was not targeted for specific depressurisation 
beyond horizontal drains on an as-needed basis. Pore pressures in these rocks were not monitored 
extensively during Phase 1 and early Phase 2 mining, but experience in other pits suggests that heads in 
these materials were not significantly affected by pumping from the silica. 
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4 Deep-seated instability in north wall 

During the initial stage of mining in the Phase 2 north wall, construction of a buttress was required in order 
to address instability associated with daylighting of the bedrock contact. The mitigation plan associated 
with this instability included installation of inclinometers, with one located east of the buttress that 
extended into the bedrock, well below the known slip surface at the bedrock contact. As mining proceeded 
to elevation 3,480 mRL, monitoring data for the deep inclinometer indicated shearing well below the 
bedrock contact, along the contact between the in-dipping silica alunite, and the overlying NCP (Figure 4). 

Shortly after the deep-seated instability was identified, prism and radar monitoring data indicated total 
velocities on the order of 2 cm/day across a wide section of the north and northeast walls. Without a clear 
understanding of the mechanism for the instability, mining was suspended in December 2010. In the 
ensuing seven months, investigations, slope displacement monitoring, stability analyses, and mine planning 
were carried out to determine contributing factors, and to develop a plan for continued mining. 

Figure 5 shows pit topography, and the condition of the slope when mining was discontinued. 
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Figure 5 Phase 2 north wall conditions, December 2010 

4.1 Characterisation 

With pit slopes designed to a minimum FS of 1.2, the deep-seated instability indicated a clear difference 
between actual conditions and the pre-mining geotechnical model. With this in mind, a field 
characterisation program was carried out in order to determine the factors that contributed to the 
instability. The characterisation program included core drilling, multi-level vibrating wire piezometer (VWP) 
installations, and laboratory testing, all of which augmented an on-going program of pit mapping focused 
on large-scale structures and alteration type. 

The 3D alteration model was updated based on drillhole intersections and pit mapping, and displacement 
monitoring and field observations were used to define the limits of the instability as shown in Figure 6. The 
overall area of instability was subdivided into zones of higher (Zone 2) and lower (Zone 1) displacement 
velocities. 
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Figure 6 Approximate limits of instability, November 2010 

The following were concluded from the characterisation work: 

 Aspects of actual geotechnical and hydrogeological conditions deviated from the pre-mining 
geotechnical model. The most significant deviations included: 

○ The contact between the in-dipping silica alunite shape and the surrounding NCP/argillic rock 
mass is marked by plastic clay, with a residual friction angle on the order of 20°. 

○ Heads in the silica alunite shape were artesian, and generally in the range of elevations 3,700 
to 3,740 mRL. 

 The slip surface followed the low-strength contact between the silica-alunite and the overlying 
NCP/argillic rock mass; then broke through the ‘intact’ NCP-argillic rock mass to daylight just 
above the silica rock mass (Figure 7). 

 Heads in the lower-permeability rock masses around the silica alunite were clearly not draining 
readily in response to pit development or dewatering the silica. 

 The NCP/argillic rock mass narrowed with depth, and came in contact with the massive silica at 
the Fraile Fault. The projected lowest elevation of this rock mass in the pit slope was 3,420 mRL. 
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Figure 7 Interpreted slip surface, section LQN-2 
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4.2 Stability analyses 

Two-dimensional slope stability models were developed for ten sections along the north and northeast 
walls. These were used with Rocscience software packages SLIDE and Phase2 to complete repeated 
iterations of stability analyses throughout 2011, with focused on back analysis, development of mitigation 
strategies, updates to the geological model, and sensitivity to depressurisation. 

4.3 Mitigation plan 

Considering the contributing factors listed above, the mitigation plan targeted heads in the silica alunite; 
heads in the surrounding low-permeability rock masses, and the geometry of the slope below elevation 
3,480 mRL. Elements of the plan included: 

 Installation of five depressurisation wells that targeted the heads in the silica alunite. 

 A nominal 30 m wide stepout at elevation 3,480 mRL. 

 Expansion (with depth) of the NCP/argillic design sector to elevation 3,420 mRL. 

 Surface water controls on ramps and on benches developed in the NCP/argillic rock mass. 

 Installation of horizontal drains in the NCP/argillic rock mass on the 3,480 and 3,444 benches. 

 A robust system for slope displacement monitoring. 

 Development and rehearsals of operational procedures for pit evacuation. 

 Development of a revised pit design. 

4.4 Revised pit design 

The ounces below the north wall were considered to be ‘higher risk’ due to adverse geotechnical conditions 
and higher displacement velocities. The remainder of the pit below elevation 3,444 mRL was therefore 
divided into two phases, namely the east/northeast wall (Phase 2-1), and the north wall (Phase 2-2).The 
sequence for this plan is summarised in the following points, and illustrated in Figure 8 (MYSRL Operation 
and Planning departments, 2010–2011). 

 Mining of the north, northeast, and east walls to elevation 3,444 mRL by November 2011 
(nominal start of wet season). 

 Mine Phase 2-1 (east wall) during the wet season, nominally November 2011 to April 2012. 

 Mine Phase 2-2 (north wall), with concurrent backfilling of the Phase 2-1 Pit with waste rock from 
the ETO Pit. 
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Figure 8 Revised pit design 

4.5 Depressurisation 

Between January and March 2012, four wells (LQPW-45, -46, -47, and -48) were constructed in the north 
and northeast walls (Figure 9). These wells were drilled through a vertical sequence of USG, LSG, 
argillic/NCP bedrock, and silica alunite. Screens were set in the silica alunite, but gravel packs extended 
up-hole to the base of a surface seal about 5 m below the ground surface. Each of the new wells 
penetrated two active slip surfaces, i.e. the bedrock contact, and the silica-alunite contact. Two pre-existing 
wells, LQPW-35R and LQPW-25 also contributed to depressurisation of the silica alunite (MYSRL 
Hydrogeological department, 2010–2011). 
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Figure 9 North and northeast wall pumping well and horizontal drain locations 

Most of the depressurisation in the silica-alunite occurred between March and June 2011. During this 
period, the design pumping rate for the north/northeast wall depressurisation wells combined was 180 L/s. 
Actual pumping rate was mainly between 140 and 180 L/s, and the targeted level of depressurisation was 
achieved by June 2011. Afterward, the maintenance pumping rate to maintain a depressurised condition 
was about 140 L/s. Towards the end of 2011, achieved pumping rates were in the 100 to 120 L/s range. 

The effects of pumping were monitored with VWPs. Representative installation locations are shown in 
Figures 10, and hydrographs in Figure 11. 
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Figure 11 Pore pressure monitoring from VWPs, section LQN-05 

Depressurisation pumping reduced heads in the silica alunite by as much as 150 m between February and 
June 2011. Heads in the NCP-argillic rock mass dropped only slightly during and after this period, although 
the muted response in the NCP/argillic VWPs was not universal, as data from LQVWP-10 and LQVWP-16 
indicated significant head reductions. 

Since the wells penetrated active slip surfaces, redundancy was a consideration in the design of the 
wellfield. The redundancy in the original wellfield was eliminated during a three-week timeframe starting 
early January 2012, with well LQPW-48 falling out of service on 9 January; and LQPW-47 on 24 January due 
to shearing along the silica-alunite contact. Well LQPW-35R fell out of service during this period due to 
sedimentation around the collar generated by erosion of the slope above. 

The decision was made in late February to drill well LQPW-49 near the location of the sheared well 
LQPW-46. Drilling and installation of this well was completed in about five weeks, and the well was put into 
service on April 6, 2012. Well LQPW-46 failed due to shearing during the week of 8 April 2012. 

4.6 Horizontal drains 

Horizontal drains were installed along two benches in the north wall in order to reduce pore pressures in 
the low-permeability NCG and ARG rock masses. The drains did not extend back to the silica alunite in order 
to avoid the potential for bringing relatively high flows to the bench faces. As shown in Figure 9, the 
installations included: 

 Twelve drains along a 200 m long section of the 3,480–3,492 m bench face, with lengths between 
85 and 201 m. The combined flows from these drains started at about 2 L/s in June 2011, and 
declined 0.5 L/s by November 2011. Flows remained relatively steady at 0.5 L/s through late 
February 2012, but then declined to 0.2 L/s. 

 Ten drains along a 100 m section of the 3,444–3456 m bench, with lengths between 208 and 
292 m. Combined flows from these drains ranged from 0.6 to 1 L/s through April 2012, then 
decreased with time to 0.4 to 0.5 L/s. 
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The horizontal drains did not affect pore pressures throughout the NCP/argillic rock mass, as some VWPs 
showed very little response throughout the monitoring period. However, in other VWPs, pore pressures 
decreased consistently over time, perhaps reflecting local influence from the drains. 

4.7 Surface water control 

Surface water management controls were constructed as weak rock benches were developed in the 
Phase 2 ET Pit based on methods developed during mining of the Yanacocha and La Quinua Pits. The basic 
elements of the designs included geomembrane-lined ditches, graded at a nominal 3%; flexible HDPE 
pipeline drop structures to convey the drainage from the ditches to detention ponds, or infiltration basins 
in silica-altered rock masses. The purpose of these measures was to minimise drainage-induced erosion; 
minimize infiltration; and prevent saturation of the bench faces, all of which contributed to historical poor 
slope performance in other pits in the district. 

4.8 Slope monitoring system 

Given the likelihood of additional displacements, and uncertainties about slope behavior with increasing 
height of NCP/argillic exposure, a robust slope monitoring system was a prerequisite for continued mining. 
Components of the system included: 

 One Ingeneria Dei Sistemi(IDS) IBIS-L radar, with IBIS Guardian software. 

 One Reutech Radar Systems Ltd. MSR-200 radar , with MSR-HMI software (from January 2012). 

 One Leica robotic total station (RTS, model TM-30), with GeoMos software to control the RTS. 

 Up to 13 inclinometers (manual measurement with an RST probe). 

 Up to 45 VWPs. 

 One SLIDEMINDERTM extensometer (starting January 2012). 

Throughout Phase 2-1 and Phase 2-2 mining, slope monitoring data were reviewed on a full-time basis by 
the site Geotechnical Group, and communicated to external consultants and corporate geotechnical 
engineers through weekly reports, and during periodic conference calls and site visits. At the mine office, 
‘real-time’ prism and radar displacement graphics were displayed on large-screen monitors in public areas. 

5 Completion of mining 

The combination of depressurisation of the silica alunite, low precipitation during the dry season, and a lack 
of mining along the north and east walls, resulted in displacement velocities in the north wall of less than 
1 mm/day by June 2011. With a robust slope displacement monitoring system in place, and stability 
analyses based on the achieved depressurisation that indicated a substantial increase in FS, the decision 
was made to resume mining in early July 2011. 

The two-phase design combined risk mitigation, the likely effects of the wet season on displacements, and 
the competing priorities of resource recovery and discharging waste rock from ETO as backfill. In 
developing an approach that accounted for these factors, the plan was well-conceived. However, in early 
July 2011, the likelihood of achieving the plan was quite uncertain. This is reflected the following points: 

 Given narrow mining widths, and the distribution of mineralisation below elevation 3,480 mRL, it 
was clear from the start that virtually any changes in slope geometry could sterilise much of the 
remaining resource. 

 The interpreted overall shape of the slip surface featured a ‘keel’, such that the unstable rock 
mass included a driving component, and a resisting component. With the NCP/argillic rock mass 
continuing down to elevation 3,420 mRL, each successive bench mined below elevation 
3,480 mRL would remove more of the resistance from the toe section of the displacing mass. 
Starting from the June 2011 condition, it was clear that FS would decrease as each bench was 
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mined out below elevation 3,480 mRL until the contact between the NCP/argillic and the silica 
was reached. 

 Historically in Yanacocha Operation pits, the stability condition of pre-existing slope failures 
degrades during the wet season. 

Mining in the ET Pit resumed on 1 July 2011, and reached the elevation 3,444 mRL by 1 October. Phase 2-1 
mining took place between 1 October 2012 and 13 March 2013, after which Phase 2-2 mining started. 
Phase 2-2 mining was completed on 19 June 2012 (Figure 12).Significant events during this timeline 
included: 

 Early May 2012 – full exposure height of NCP/argillic developed; mining proceeds below. 

 10 to 15 May 2012 – mining discontinued after abrupt acceleration indicated by radar, prisms, 
and inclinometers after a blast in silica at the west end of Phase 2 on 10 May. 
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Figure 12 Phase 2 north wall nearing completion, July 2012, looking NE 

5.1 Slope displacement monitoring 

The combination of prism, radar, and inclinometer monitoring provided a sound basis for establishing the 
safety of working conditions with respect to slope displacements; and the mechanics of the instability. 
Displacements in the N/NE wall proved to be most sensitive to precipitation, blasting in the silica, and 
mining activity. As shown in Figure 13, prism monitoring indicated a pattern of increasing velocities as the 
mining continued. However, despite total displacements of over 2 m since mining resumed, slope 
performance was tolerable, and the two phase mining plan was achieved with only occasional delays 
related to velocities above alarm thresholds. When mining resumed in early July 2011, total velocities for 
prisms were on the order of 1 mm/day. At the conclusion of Phase 2 mining, prism velocities were in the 
1.4 to 1.6 cm/day range. 
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Figure C.3   La Quinua and El Tapado North Wall - Zone 2 - Cumulative Displacement - Prism Data
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Figure 13 Prism monitoring, north wall (Zone 2 total displacements, April 2011 to July 2012)  

The combination of prism displacements and radar data provide insight into the displacement mode for the 
north/northeast wall. This is illustrated in Figure 14, which shows contoured vertical displacements from 
prism data between 2 January and 10 February 2012. The dark red region in the upper section of the north 
wall delineates an area with 10 to 60 cm of vertical downward displacement. The blue/purple area in the 
lower section of the slope is truncated because of incomplete monitoring coverage, but it indicates 
vertically upward displacement component in the lower section of the slope, mainly below elevation 
3,480 mRL. The downward displacement in the higher elevations of the slope, and the upward 
displacement at the toe of the NCP/argillic rock mass indicates a rotational aspect to the instability. 

 

Figure 14 Contours of prism vertical displacement, 2 January to 10 February 2012 
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5.2 Blasting 

Below the elevation 3,480 mRL bench, in the north and northeast walls, the NCP and argillic rocks were 
free-dug. However, the silica rock masses adjacent to the west and east required blasting for excavation. 
Blast designs evolved empirically, as displacement monitoring results were compared to various design 
parameters. All final wall blasts during Phases 2-1 and 2-2 mining were executed using presplit blasts with 
one to two free faces, and separate trim shots when there was adequate mining width. Even so, slope 
monitoring data indicated short-term accelerations and abrupt permanent displacements in the NCP and 
argillic rock masses associated with nearly all blasts. The accelerations generally lasted three or four hours 
before velocities reverted to pre-blast values; and associated permanent displacements associated with 
individual blasts were 10 mm or less. Displacements were seen to be most responsive to the number of 
blastholes, the total charge weight in the pattern, and decking practices. A maximum of 60 blastholes per 
blast were allowed toward the end of Phase 2-2 mining. 

5.3 Reconciliation 

When the instability was identified in November 2011, 400,000 ounces of gold were at risk in the parts of 
the ET Pit that were subsequently designated Phases 2-1 and 2-2. Through the combination of the revised 
mine plan, and opportunistic mining of silica rock masses outside of the plan, 312,000 ounces were 
recovered by the end of Phase 2-2 mining. 
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