
Numerical assessment of an overall instability at Bajo de la 

Alumbrera mine 

CF Cancino  Itasca Consulting Group Inc., USA 

R Silva  Itasca SpA, Chile 

C Giraud  Glencore, Argentina 

 

Abstract 

In May of 2017, an instability at overall scale occurred in the southwestern wall at Bajo de la Alumbrera mine. 

A cessation of mining followed due to unstable material reaching the pushback planned to mine the ore 

located at the bottom of the open pit. This paper describes the numerical modelling analyses developed to 

back-analyse the instability and to study the options to continue mining the remaining ore at the bottom of 

the open pit. In 2012, Itasca carried out a predictive analysis using numerical modelling (3DEC) which 

suggested that a large-scale instability was possible in the area. A new numerical model was developed in 

2017 to back-analyse the instability in terms of Factor of Safety (FS) contours, and this achieved a good match 

with field observations. To continue mining the pushback below while meeting the acceptance criterion of the 

slope design, defined by an FS ≥ 1.2 at inter-ramp scale, sequential excavations were simulated from top to 

bottom. The model showed that an excavation 204 m high would be required to meet the acceptance criterion 

to resume mining in Pushback-12. 
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1 Introduction 

Bajo de la Alumbrera copper mine is an open pit operation located in the northwestern area of Catamarca, 

Argentina. This cupriferous porphyry, owned by Glencore (50%), has been mined since 1997 with an annual 

average of 321,000 tonnes of copper concentrate. In May 2017, an overall wall scale instability occurred in 

the southwestern wall of the mine, with a total height of ~460 m. Pushback-12, planned to mine the ore 

located at the bottom of the open pit, was interrupted by the spilled material and mining was stopped. In 

order to assess the stability of this wall and resume the mining works in Pushback-12, a back-analysis was 

carried out by Itasca and then sequential excavations were simulated from top to bottom to meet the 

required acceptance criterion to resume mining. 

Back-analysis of failures and even of stable slopes can play a significant role in the determination of material 

properties and to predict geotechnical events. This paper aims to describe the numerical modelling analyses 

carried out to back-analyse the instability and study alternatives to resume mining of Pushback-12. 

2 Background 

On 31 May 2017, while developing the last productive sector of the mine (Pushback-12), an overall wall scale 

instability occurred in the southwestern wall at Bajo de la Alumbrera mine, as shown in Figure 1. This failure, 

called the Steve event, mobilised ~700,000 t of rock from the peripheric level (2630) to the working 

area (2169), with a total height of ~460 m. Consequently, Pushback-12 (inter-ramp angle of 43°) production 

was interrupted. 
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(a) (b) 

Figure 1 Instability location: (a) Top view showing the instability location; (b) Field photo looking to the 

northwest showing the limits of the instability 

Figure 2 shows the failure mechanism studied by the mine personnel, where an inferior instability 

sector (170 m) and a superior sector (290 m) were recognised. 

 

Figure 2 Conceptual analysis of the failure mechanism at Bajo de la Alumbrera open pit 

A non-daylighting wedge was identified between the failure of two joint sets (with dip/dip direction of 

67°/57° and 77°/163° respectively) and a major discontinuity called the Steve 5 (S5) fault (see Figure 1b). 

The Steve 4 (S4) fault acted as the northern limit of the instability. The inferior instability sector was affected 

by the deconfinement of the S5 fault, with cracking around the 2356 level, northwards of the S4 fault. The 

superior instability sector between levels 2630 and 2356 composed of a highly fractured rock mass, with 

continuous displacement as a result of stress relief (excavations) from inferior levels. The instability was 

developed after excavating in the southern part of the wedge (below S5) in bench 2188. Neither groundwater 

conditions nor transient pore pressure were believed to play a role in this failure mechanism. 

The monitoring system included a combination of radars, prisms, and extensometers. Three months before 

the event, a deformation increment was recorded; however, on 28 May, a significant acceleration in this 

deformation was identified on radars. In the afternoon of 30 May, the mine staff and equipment were moved 

away from the location of imminent collapse. The decisions made regarding the evacuation of the area at 

Numerical assessment of an overall instability at Bajo de la Alumbrera Mine CF Cancino et al.

28 SSIM 2021



 

risk were precise in terms of time and location and managed well the risk to both workers and equipment. 

The existence of trigger action response plans (TARPs) was key to the success of this evacuation. 

This overall wall scale instability resulted in the closure of the last productive sector of the mine. Different 

design alternatives to continue mining Pushback-12 were then evaluated. 

3 Numerical modelling 

This section summarises the results of previous numerical analyses developed by Itasca, and the inputs and 

assumptions of an updated numerical model built to back-analyse the Steve event and to study the 

geotechnical feasibility of resuming the Pushback-12 development. 

3.1 Previous numerical analysis 

In 2012, Itasca carried out forward predictive analysis for the final open pit design using numerical modelling 

code 3DEC (Itasca 2016a), discussed later in the paper. This analysis suggested a large-scale instability in this 

area, as shown in Figure 3. 

 

Figure 3 Predictive results for final open pit design in terms of numerical velocity (red indicating unstable 

rock mass) 

Several steps were taken by the mine in light of these predictive results, including improving the operating 

practices to reduce and mitigate design variations. The use of pre-split for all benches and controlled blasting 

methods were implemented. Conservative design parameters were adopted (inter-ramp angle of 49° in 2012 

to 43° in 2016), and improvements were made to the monitoring systems and the development of TARPs, 

which later led to a timely evacuation of the area. 

Additionally, the predictive results obtained in 2012 were used to inform field investigations carried out after 

2012 to corroborate the rock mass quality, the presence of rubble rock type (weakest material), and the 

location and persistence of the Steve faults in that area. 

3.2 Model inputs 

After the failure occurred in May 2017, the complexity of the failure mechanism described in Section 2 

required a more powerful tool than empirical and limit equilibrium methods to back-analyse the failure. 3DEC 

is a code for advanced geotechnical analysis of soil and rock, simulating the response of discontinuous media 

(such as jointed rock) that is subject to either static or dynamic loading. Given the good predictive results 

obtained in 2012, 3DEC was again selected to build the updated model to back-analyse the instability and to 

study the geotechnical feasibility of completing Pushback-12. The in situ stress state was considered as 

hydrostatic. The following sections summarise the main inputs and assumptions for the numerical model. 
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3.2.1 Rock mass characterisation 

The latest geotechnical model was used to define six geotechnical units in the area of interest as shown in 

Figure 4a. Superficial mapping was carried out by mine personnel to better define the rubble units (purple 

and pink in Figure 4a), which are the weakest units in the area of interest. 

These units are characterised as Hoek–Brown materials. The Hoek–Brown failure criterion (Hoek et al. 2002) 

introduced a disturbance factor (D) to consider the effect of blasting and stress relaxation after an excavation. 

In this study, the D Factor was defined following the guidelines provided by Silva & Gomez (2015), assuming 

a linear decremental triangular transition between disturbed (D = 1) and undisturbed rock (D = 0) as shown 

in Figure 4b.  

   

(a) (b) 

Figure 4 (a) Isometric view showing the geotechnical units in the southwestern wall of Alumbrera mine; 

(b) Cross-section looking north showing the disturbance factor distribution in the southwestern wall 

Figure 5 shows core boxes of two important units in the southwestern wall, EpiClorita (green in Figure 4) and 

rubble (purple and pink in Figure 4a). The contrast in strength is clearly visible, with a difference in geological 

strength index (GSI) of ~25 points and in unconfined compressive strength (UCS) of ~50 MPa, with the rubble 

units being the weakest rock in this wall. 

   

(a) (b) 

Figure 5 Core boxes of the two important units in the southwestern wall: (a) EpiClorita; (b) Rubble 

Table 1 lists the undisturbed rock mass and fault properties used in the numerical analyses. Note that the  

Hoek–Brown constitutive model considers a linearisation for each element considering its current confinement 

to calculate cohesion and friction angle, which are later used to determine the Factor of Safety (FS). 
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Table 1 Rock mass and fault properties used in the numerical model 

Material 
UCS 

(MPa) 
mi GSI 

Ei 

(GPa) 

Density 

(kg/m3) 
Details 

Rubble A and P 83 7 30 27 2,700 Highly fractured andesite and porphyry 

Pork 104 8 52 46 2,700 
Porphyry with potassic and 

quartz-magnetite alterations 

AndFDA 57 9 47 27 2,700 Andesite with philic-argillic alteration 

EpiClorita 131 11 55 48 2,700 Country rock with propylitic alteration 

AndK 121 10 55 60 2,700 

Andesite with potassic alteration, 

usually located in the porphyry 

contacts 

Material 
Cohesion (kPa) Friction (°)     

Peak Residual Peak Residual     

Major faults 35 5 35 26 
Major faults oriented northwest, 

considering several benches 

Intermediate and 

minor faults 

(ubiquitous joints) 

21 21 29 29 

Bench scale discontinuities, structural 

information from mapping and 

geotechnical core logging 

3.2.2 Structural information 

Three structural scales are defined at Alumbrera mine: major (faults at inter-ramp and overall scales), 

intermediate (persistence of two or more benches), and minor (persistence of less than two benches). 

As mentioned, the S5 and S4 faults are related directly to the failure mechanism, with S5 being the most 

important, controlling the start of the movement, while S4 limits the failure propagation. Figure 6a shows 

the interpretation of a joint system with an inclination between 50° and 56° dipping to the northeast with a 

persistence between two to three benches. This interpretation is aligned with the Steve System and other 

intermediate faults. Figure 6b shows the S4 and S5 faults projected by the mine geologists. All these major 

faults were included explicitly in the numerical model as planes that can slip and separate given a set of 

strength properties (see Table 1). 

   

(a) (b) 

Figure 6 Major faults: (a) Interpretation of observed planes from a pit scan on 27 April 2017; 

(b) 3D surfaces projected by the mine to represent S4 and S5 faults 
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Most of the area of interest is contained within one structural domain with one minor scale joint set 

(J1 – 77°/163°). The intersection line between this joint set (J1) and the Steve System (explicitly modelled) 

has a dip of ~60° and a similar dip direction to the slope. This suggests a non-daylighting wedge between 

these systems at inter-ramp scale. The single joint set was included implicitly using the ubiquitous joints 

model. 

3.2.3 Mining sequence and observed stability conditions 

The mining sequence included in the model considered four excavations, with the pre-mining condition as 

the starting point to initialise rock mass properties and stresses. From the pre-mining condition, the 14 April 

2017 topography is simulated and then the volumes for 27 April, 14 May, and 30 May are mined out as shown 

in Figure 7. Table 2 lists each of the excavations and defines the calibration goals for observed stability 

conditions for each mining phase in terms of FS, which is calculated following the shear strength reduction 

method (Zienkiewicz et al. 1975). 

  

Figure 7 Mining sequence included in the 3DEC model 

Table 2 Mining sequence and observed stability conditions (Factor of Safety) for the back-analysis 

Mining phase Estimated Factor of Safety (FS) Observation 

Pre-mining – Starting point assuming the topographical 

condition prior to mining. Initial conditions are 

initialised here (rock mass properties, stresses, etc.) 

14 April FS > 1.0 Condition before the failure was initiated. Scans 

show bad geometry benches and local spilling 

around S5 

27 April FS < 1.0 in S5 Instability starts to develop in the south sector near 

S5 as a result of the 2188 bench excavation at the 

toe of the instability in rubble materials 

14 May FS < 1.0 in S5 Previous conditions are maintained because the 

excavation was in the north of the sector in bench 

2170 

30 May FS < 1.0 in S5 

1.0 < FS < 1.1 propagating 

northwards and vertically 

Instability propagation to overall scale as a result of 

the excavation of bench 2173 at the toe of the 

instability near S5 
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3.3 Back-analysis results 

Figure 8 shows the calibration results in terms of FS contours for each excavation in the 3DEC model. 

As expected, the condition for 14 April shows a marginal stability condition with an FS ~ 1.0 around the 

S5 fault, with a local failure after the excavation at the toe of this area on 27 April. The same condition is 

observed in the following excavations, with a small propagation northward and vertically as a result of the 

excavation on 30 May. These results are considered to match the field observations for each of the different 

mining stages reasonably well. The estimated failed volume in the field was ~336,000 m3. A similar volume 

(356,000 m3) was reproduced in the numerical model from the failed rock mass (in red, FS < 1.0). 

The rock mass and fault properties listed in Table 1 required no major modifications to match field 

observations; however, the detailed implementation of the different excavations using Griddle (a remesher 

tool developed by Itasca (2016b)) and the structural interpretation were key to match field observations. 

  

Figure 8 Results in terms of Factor of Safety for the different phases of mining 

3.4 Geotechnical feasibility to resume Pushback-12 development 

The calibrated stability condition for 30 May shown in Figure 8 is the result of a ‘small-strain’ simulation. 

In reality, this unstable material (red in Figure 8) has failed and spilled to the toe of the slope, possibly acting 

as a buttress. Any attempt to resume mining in Pushback-12 would consider the extraction of this failed 

material, which could result in propagation of the instability. The extraction of this material was simulated 

and then FS calculations were made, as shown in Figure 9. Results show that almost the entire wall remains 

at marginal stability (FS = 1.1–1.2); hence, resuming the Pushback-12 development could involve a significant 

risk for mine personnel and equipment. The acceptance criterion required by the mine is FS > 1.2 at 

inter-ramp scale, which should be met before resuming mining in Pushback-12. 
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Figure 9 Results in terms of Factor of Safety (FS) contours after extraction of the failed material (FS < 1.0) 

Different simplified excavation (unloading) alternatives were studied to improve the stability condition of the 

failed area before any mining activity in the bottom part of the mine. Figure 10a shows a model built to study 

the geotechnical feasibility of sequential excavations above the unstable area (from top to bottom). Those 

excavation volumes are 40–50 m wide with an inter-ramp angle of 44° and a height of 34 m (two benches of 

17 m), as shown in Figure 10b. 

   

(a) (b) 

Figure 10 Partial excavation model, including actual mining and Pushback-12: (a) Isometric view looking 

west; (b) East–west cross-section looking north 

Figure 11a shows an example of results in terms of FS contours after the excavation of volume 1 (des_01 in 

Figure 10), and Figure 11b shows the excavation down to volume 6 (des_06 in Figure 10). The model indicates 

that the stability condition around S5 improves (Figure 11b) with an FS between 1.2 and 1.3. These results 

may be acceptable for typical acceptance criteria used at inter-ramp scale (FS > 1.2). However, this excavation 

would result in waste removal equivalent to a height of 204 m, meaning economic feasibility could be 

compromised. 
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(a) (b) 

Figure 11 Partial volume excavation results in terms of Factor of Safety (FS): (a) FS contours after excavation 

of volume 1; (b) FS contours after excavation of volume 6 

After the excavation of volume 6, results did not show any significant improvements to the stability condition. 

The recommended option is the excavation of volumes 1 to 6. Finally, Figure 12 shows the stability condition 

in terms of FS after the excavation of volumes 1 to 6 and Pushback-12, the excavation of which does not 

affect the critical area. 

  

Figure 12 Results in terms of Factor of Safety contours after the excavation of volumes 1 to 6 (to level 2390) 

and Pushback-12 at the open pit bottom 

4 Conclusion 

A numerical assessment of the Steve event at Bajo de la Alumbrera mine was performed. The analyses 

described in this paper demonstrate the potential advantage of using numerical tools in the slope design 

process to identify failure mechanisms and quantify slope stability at overall scale. The failure that was 

forward predicted by Itasca in 2012 eventuated as an overall instability in the southwestern wall of the open 

pit in late May 2017. Immediately after the failure, a back-analysis was successfully carried out by Itasca with 

calibration of field observations. The key points to achieve this calibration were the geometry of mining 

excavations and structural interpretation using the 2012 analysis as the starting point. The calibrated model 

was used to study excavation alternatives to resume mining of Pushback-12 whilst still meeting the required 

acceptance criterion (FS > 1.2). The modelling showed that an unloading excavation between levels 2594 and 

2390 (204 m high) was required in order to maintain the acceptable FS criterion to continue to mine 

Pushback-12. This alternative was assessed as uneconomic by the mine, leading to the total closure of 

Pushback-12 and the mine. 
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