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ABSTRACT 

 An updated geological model of the Carlin Formation for slope stability purposes at the 

Gold Quarry open pit mine (Eureka County, NV) has been developed.  The Carlin Formation is a 

sequence of interbedded tuffs, silts, clays, sands, and gravels of variable composition and 

induration that overlies gold bearing rock at the mine and has undergone numerous failures on 

the eastern pit slope.  The model consists of nine geological cross sections that were constructed 

using the available drilling information and supplemented with ranges of engineering properties 

for Carlin Formation sub-units developed from the available testing data along cross section 

lines.  A qualitative assessment of the model consisting of interpreting shear surfaces in cross 

sections that intersected recent failure zones was also performed in order to evaluate whether the 

inferred shear surfaces correlated to sub-units with low values for residual strength parameters. 

 The construction of the model showed that although the Carlin Formation may be highly 

variable and heterogeneous, it is possible to correlate Carlin Formation sub-units between certain 

drill holes within the study area.  Due to the variability in the degree of detail provided in 

logging descriptions, an iterative construction process was implemented in order to evaluate 

which combination of drill holes best characterized the Carlin Formation along each section line.  

Although historically the lower sub-units have been considered the most problematic as related 

to slope stability at Gold Quarry, the ranges of engineering properties suggest that for parts of the 

pit, some of the upper and middle sub-units may also have less than favorable engineering 

properties.  This was also illustrated in the qualitative assessment of the model where the base of 

the inferred shear surfaces repeatedly coincided with the location of sub-units with low residual 

friction angle values relative to other sub-units.  
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CHAPTER 1 

INTRODUCTION 

The Gold Quarry mine (Gold Quarry) is an open pit mine operated by Newmont Mining 

Corporation situated within the Carlin Trend in northeastern Nevada.  In the vicinity of Gold 

Quarry, gold bearing bedrock is typically overlain by 400 to 500 feet (122 to 152 m) of Tertiary 

age Carlin Formation - a volcanoclastic sequence of interbedded tuffs, silts, clays, sands, and 

gravels of variable composition and induration, deposited in a shallow lacustrine environment 

(Sheets, 2011).  The numerous slope failures that have occurred on the eastern pit slope during 

the development of Gold Quarry have led to the conclusion that the materials that comprise the 

Carlin Formation tend to have unfavorable engineering properties for steep pit slopes.  

Conditions are further aggravated by the presence of north-south and east-west trending faults 

that aside from creating zones of weakness, have also compartmentalized groundwater 

throughout the Carlin Formation. 

Numerous geological and geotechnical investigations have been conducted in the vicinity 

of Gold Quarry since the early 1990’s in attempts to gather sufficient data in order to accurately 

characterize and model the Carlin Formation in this area.  However, due to the high variability 

and complexity within the Carlin Formation, it has proved difficult to arrive at a single model 

that accurately and consistently describes conditions at Gold Quarry.  This is made apparent by 

the continued, sometimes unexpected, slope instabilities that are ongoing processes at Gold 

Quarry within the Carlin Formation.  Although in the recent past, slope monitoring equipment 

and inverse velocity charts have allowed engineers to predict slope failures to within one day, a 

recent failure in December 2009 occurred with very little warning and required mining activities 
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to cease at Gold Quarry (Yang et al., 2011).  This exemplifies the need for a representative 

geological model of the Carlin Formation for slope stability purposes at Gold Quarry to ensure 

mining activities continue to be productive in future years and, more importantly, ensure the 

safety of the personnel working within the open pit. 

1.1 Location of Study Area 

Gold Quarry is situated within a 38-mile (60km) long north-northwest alignment known 

as the Carlin Trend in northeastern Nevada which is considered to be the largest and most 

productive accumulation of gold deposits in North America (Teal and Jackson, 2002).  More 

specifically, Gold Quarry is located approximately 7 miles (11 km) northwest of Carlin, Nevada 

(Figure 1.1).   

 
Figure 1.1  Index map showing location of Gold Quarry mine, Carlin, NV (Sheets, 2013). 
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1.2 Purpose and Scope of Research 

The purpose of this research was to develop a comprehensive geological model of the 

Carlin Formation for slope stability purposes at the Gold Quarry mine that could consistently 

explain observed conditions and could be used to adequately predict pit slope stability for mine 

development.  The scope of research consisted of constructing geological cross sections using 

available geological/geotechnical investigation results and correlating geotechnical strength 

testing data to specific Carlin Formation sub-units.  A qualitative assessment of the model was 

also performed which consisted of interpreting shear surfaces in cross sections that intersected 

recent failure zones in order to identify whether there was a correlation between the location 

shear surfaces and sub-units with low geotechnical strength parameter values.  
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CHAPTER 2 

BACKGROUND 

The Gold Quarry mine began production in the 1980s and has current pit dimensions of 

approximately 1.5 miles (2.4 km) long, 1 mile (1.6 km) wide, and a slope height over 1300 feet 

(396 m) (Figure 2.1) on the east wall (Yang et al., 2011).  The following is a discussion of the 

general geological, structural, and hydrogeological conditions in the vicinity of the Gold Quarry 

mine.  Tertiary age Carlin Formation (Carlin Fm.) that overlies gold bearing rock at Gold Quarry 

is emphasized.       

 
Figure 2.1  July 2010 aerial view of Gold Quarry with bedrock/Carlin Formation contact on east 

side shown by dashed red line (Sheets, 2011). 
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2.1 Geology  

Geology at Gold Quarry can be summarized as a thick sequence of Paleozoic marine 

sedimentary rocks, overlain by Tertiary age lacustrine tuffaceous basin-fill sediments, often 

covered by Quaternary age alluvium and/or colluvium (Rota, 1991 and Rota, 1995).   

2.1.1 Paleozoic  

The Paleozoic rocks in the vicinity of Gold Quarry primarily consist of the following: 

(1) the Devonian-Silurian Roberts Mountains Formation (SDrm/DSr), (2) the Devonian 

Popovich Formation (Dp), (3) the Devonian Rodeo Creek unit (Drc), and (4) the Devonian 

Marys Mountain sequence (Dmm/Dm) (Figures 2.2 and 2.3).   

 
Figure 2.2  General geological map for the Gold Quarry mine (Sheets, 2013). 
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Figure 2.3  Stratigraphic column showing Paleozoic rocks present at Gold Quarry (Harlan et al., 

2002). 
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These units comprise a sequence of siltstone, shale, sandstone, silty limestone, and chert 

that thickens to the south and to the east (Rota et al., 1991).  Specific to the Gold Quarry pit 

slopes, bedrock exposures consist primarily of the Devonian age Popovich Formation and Rodeo 

Creek unit (Sheets, 2011).  The Popovich Formation (Dp) is a 1200 foot (366 m) thick sequence 

of micrite, silty limestone, calcarenite, bioclastic limestone, and debris-flow limestone, while the 

overlying Rodeo Creek unit (Drc) is a thin-to-medium bedded grey, siltstone, mudstone, chert, 

and argillite up to 1000 feet (305 m) thick (Rota, 1995).   

2.1.2 Tertiary  

Paleozoic rocks at Gold Quarry are overlain by the Tertiary age Carlin Formation that can  

reach up to 600 m (1970 ft.) in thickness within structural basins near Gold Quarry (Sheets, 

2011) and is generally composed of volcanoclastic lacustrine sediments of inter-bedded gravel, 

sand, silt, and clay (Yang et al., 2011).  However, only a maximum height of 150 m (500 ft.) is 

exposed in the upper extent of the eastern highwall at Gold Quarry (Sheets, 2011).  The 

formation is often described in terms of three different members or lithofacies (Rota, 1991 and 

Rota et al., 1991): 

 Lower –fluvial basal conglomerates and sedimentary breccia 

 Middle – lacustrine claystones and tuffs with minor interbedded fluvial channel 

conglomerates 

  Upper – brown, calcareous colluvial materials resting above an erosinal 

unconformity with lacustrine sediments 

2.1.3 Quaternary 

Quaternary materials in the vicinity of Gold Quarry rest unconformably over the Tertiary 

age Carlin Formation and consist of alluvium and colluvium.  The Quaternary colluvium (Qcol) 
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sediments consist of light brown poorly consolidated fine sands with less than 60% gravel 

fragments and no volcanic clasts (Newmont, 2004).  Quaternary alluvium (Qal) sediments 

consist of silt, sand, and gravel streambed and floodplain deposits (Harlan et al., 2002) that 

usually contain rounded andesite, chert, and siliceous mudstone clasts (Rota, 1991).  Quaternary 

landslide (Qls) deposits have also been mapped in the vicinity of the Gold Quarry and have been 

described as chaotic, unconsolidated layers of coarse gravel and sand (Harlan et al., 2002). 

2.2 Structures 

Gold Quarry is situated within the south-central part of the Carlin Trend which is known 

as the Maggie Creek district.  The structural history of this area has been interpreted to consist of 

four major events.  From oldest to most recent, these events can be summarized as (Harlan et al., 

2002 and Powell, 2007):  

1. East-to-west compression resulting in thrusting and related folding during the late 

Devonian-early Mississippian Antler Orogeny.  

2.  Wrench-style strike-slip, reverse, and dilational faulting due to north-northeast 

principal compressive stress related to the mid-Jurassic Elko Orogeny. 

3. Normal faulting and hydrothermal decalcification of carbonate host-rocks 

resulting in formational (volume-loss) collapse during the mid-Tertiary. 

4. Basin and Range extensional faulting resulting in north-south striking, east- and 

west- dipping normal faults from the Miocene to the present.  

The tectonic history of the area has had numerous impacts on the Carlin Formation at 

Gold Quarry.  The major Basin and Range faults have developed a “stair-stepped” contact 

between the Formation and underlying bedrock that tends to deepen towards the east (Sheets, 

2014b) (Figure 2.4).  The resulting horst and graben structures have affected the depositional 
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pattern such that grabens tend to collect thicker sequences of certain units, some of which are 

considered among the weaker sub-units of the Carlin Formation (Sheets, 2011).  

Basin and Range-style faulting also resulted in widespread reactivation of most 

preexisting faults (Harlan et al., 2002).  Many Paleozoic faults in bedrock that originated during 

compressional episodes underwent reverse movement due to later extension which projected as 

normal faults into the Carlin Formation (Sheets, 2014b).  Although distinct structures have only 

been observed in isolated cases, this scenario has resulted in a preferential “fabric” in the Carlin 

Formation in the northeast corner of Gold Quarry capable of bounding deformation and 

influencing groundwater flow (Sheets, 2011).     

Figure 2.4.  East-west cross section at Gold Quarry showing “stair-stepped” contact between the 

Carlin Formation (Tc) and underlying bedrock (Rodeo Creek unit (Drc)).  Dp indicates the 

Popovich Formation.  SDrm indicates the Roberts Mountains Formation (Powell, 2007). 
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2.3 Hydrogeology 

Due to the complex geologic conditions, it is difficult to accurately define and predict the 

hydrogeologic conditions in the vicinity of Gold Quarry.  However, in recent years, the 

interpretation of hydrogeologic conditions has been simplified to consist of three aquifers 

(Sheets, 2011) (Figure 2.5): (1) a lower bedrock aquifer in the Paleozoic formations, (2) a 

confined shallow bedrock aquifer to the southeast of Gold Quarry, and (3) an aquifer in the 

Carlin Formation.   

 
Figure 2.5  Conceptual cross-section showing observed groundwater levels for three known 

aquifers (Sheets et al., 2014c). 

 

Although for simplicity it may be convenient to model the Carlin Formation as a single 

aquifer, certain geological factors make the hydrogeological conditions difficult to model as 

such.  The two major factors include: (1) the heterogeneous nature of the Carlin Formation sub-

units and (2) the presence and effect of geological structures.  Due to the presence of fine-
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grained materials (silts and clays), hydraulic conductivities in certain sub-units of the Carlin 

Formation tend to be low and in the range of 10
-4

 to 10
-7

 meters/second (Sheets, 2013), while 

significantly higher permeabilities have been reported for more sandy and gravelly zones.  

Geological structures further complicate conditions by (Pettit et al., 1992):  

 Juxtaposing sub-units of variable hydrologic properties against each other. 

 Acting as conduits for groundwater flow where brittle deformation related to fault 

brecciation has increased permeabilities. 

 Creating barriers for groundwater flow where abundant clay gouge has been 

produced from argillic alteration. 

In addition to the geological influences on groundwater flow mentioned above, it should 

be noted that ground water flow in this area is generally to the east-southeast within the Carlin 

Formation, but the excavation of the pit has resulted in a low pressure center that has created 

local gradients toward the pit (Sheets, 2013).  The combination of these factors is what has made 

groundwater conditions within the Carlin Formation difficult to predict, as well as dewatering 

efforts at Gold Quarry difficult and time consuming (Sheets, 2011).  
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CHAPTER 3 

HISTORY OF INSTABILITIES AND FAILURES 

Numerous slope instabilities and failures have occurred within the Carlin Formation at 

Gold Quarry since the mid-1980’s (Sheets, 2011).  The following is a discussion on recent major 

documented instabilities and failures that have occurred within the Carlin Formation at Gold 

Quarry.   

3.1 Phase 2 Layback Instabilities (2004-2005) 

Signs of slope deformation were observed in September 2004 above the northeastern 

extent of the Phase 2 Layback (Sheets, 2011) (Figure 3.1).  The instability resulted in the 

occurrence of two failures on (Bates et al., 2006): 

 (1)  December 1
st
, 2004 – where approximately 311,00 tonnes of material failed 

as shown in Figure 3.2. 

 (2)  December 27
th

, 2004 – where approximately 415,000 tonnes of material 

failed as shown in Figure 3.3.  

Following these instabilities, water seeps were observed at the toe of the slide mass that 

produced an estimated 20 Lpm (Sheets, 2011).  Angle drains were then installed above and 

below the failure in attempts to dewater the slide mass, while piezometers were installed for 

monitoring purposes (Bates et al., 2006).  Ultimately a remediation design was developed that 

had to consider both saturated and dry conditions due to some of the drains and monitoring 

indicating that no groundwater was present (Sheets, 2011).        
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Figure 3.1  Map showing location of the Phase 2 Instabilities (brown shaded area inside black 

circle).  Additional brown areas indicate other locations of instability.  Red lines represent 

intense faults, green lines indicate moderate faults, and blue lines indicate weak faults (modified 

from Bates et al., 2006). 
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Figure 3.2  December 1

st
, 2004 Phase 2 Layback failure (Sheets, 2011). 

 

 
Figure 3.3  December 27

th
, 2004 Phase 2 Layback failure (Sheets, 2011). 

 

Although remediation such as unloading cuts and angle drains was implemented after the 

December 2004 events, in early 2005, signs of continued movement developed in the form of 

new cracks across an unweighting bench (Figure 3.4.) constructed after the December 27
th

 failure 

(Bates et al., 2006).  Failure eventually occurred on October 12
th

, 2005 (Figure 3.5), where 

1,270,000 tonnes of material was released from the slope (Bates et al., 2006).  Water seeps 
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observed a few weeks after the failure within the slide mass ultimately led to the conclusion that 

groundwater had played a role in the October 2005 failure (Sheets, 2011).  

 
Figure 3.4  Photograph showing tenstion cracks at the Phase 2 Instability on October 10

th
, 2005 

(Bates et al., 2006). 

 

 
Figure 3.5  Photograph showing conditions of the Phase 2 Instability after the October 12

th
, 2005 

failure (Bates et al, 2006). 
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3.2 North Waste Rock Facility Slide (February 5
th

, 2005) 

The North Waste Rock Facility (NWRF) is one of the support facilities in close proximity 

to the Gold Quarry pit (Figures 3.6 and 3.7).  Approximately 9.1Megatonnes of material from the 

NWRF unexpectedly failed on February 5th, 2005 (Figure 3.8); covering over 450 m (1476 feet) 

of Nevada State Route 766 (Sheets, 2011).  Although the failure did not occur within the Carlin 

Formation on the Gold Quarry pit slopes, the base of the NWRF was constructed primarily of 

Carlin Formation waste rock material (Sheets and Bates, 2008). 

A post failure investigation ruled out the likelihood of groundwater being a trigger for the 

failure due to: (1) lack of visual signs of groundwater flow on or around the slide mass and (2) 

no measurable pore water pressure in piezometers that had been installed in and around the 

failure zone (Sheets, 2011).  Strength testing of base material of the NWRF, Carlin Formation 

waste material, was also conducted where results indicated that this material could potentially 

fail in a brittle manner, followed by ongoing loss in strength with continual shear deformation 

(Sheets, 2011).  It was ultimately concluded that the failure had been a result of the strain-

softening behavior of the NWRF base material (Sheets and Bates, 2008).  

 
Figure 3.6  Photograph of Gold Quarry pit and surrounding support facilities (Bates et al., 2006). 
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Figure 3.7  Photograph of NWRF prior to failure in Summer 2004 (Sheets and Bates, 2008). 

 

 
Figure 3.8  Photograph of NWRF after February 5

th
, 2005 failure (Sheets, 2011). 

 

3.3 Phase 4 – North Failure (July 19
th

, 2007) 

The Phase 4 – North Failure occurred within the Carlin Formation on the eastern 

highwall at Gold Quarry (Figure 3.9), where slope movement was initially noticed on July 3rd, 

2007 (Figure 3.10) (Sherman and Sheets, 2008).  Movement was monitored using survey prisms, 

an extensometer, and a laser scanner until July 19
th

, 2007, when the slope finally failed and 

released approximately 700,000 tons of material (Sherman and Sheets, 2008) (Figure 3.11).   
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Post failure observations indicated that groundwater had likely not contributed to the 

failure due to the toe of the slide being located approximately 12-15 m (39-49 ft.) above the 

elevation where groundwater was typically encountered for this part of the pit (Sheets, 2011).  

Further investigation and strength testing ultimately led to the conclusion that the Phase 4 – 

North failure was most likely a result of: (1) over estimation of Carlin Formation strength 

properties and (2) structural controls in this part of the pit. 

 
Figure 3.9  Phase 4 – North failure zone map (topographic map date:  August 1, 2007). 
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Figure 3.10  East highwall on July 3

rd
, 2007 (Sherman and Sheets, 2008). 

 

 
Figure 3.11  East highwall after July 19

th
, 2007 failure (Sherman and Sheets, 2008). 

 

3.4 Nine Points Failures (July 2008 – December 2009) 

The Nine Points slope failures were a series of failures that occurred on the east side of 

Gold Quarry in an area known as Nine Points (Figure 3.12), which ultimately concluded in a 

catastrophic failure on December 24, 2009.  The following is a discussion on the major 

instabilities that occurred in this area which began in July 2008. 
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Figure 3.12  Nine Points failure zone map (topographic map date:  January 1, 2010). 

 

3.4.1 Midway Slide (Summer 2008)  

 As mining progressed in the summer of 2008, bench-scale failures developed in the Nine 

Points area and slope displacements propagated up the eastern highwall (Sheets, 2013) (Figure 

3.13).  Creeping style deformation continued as debris spilled onto the primary in-pit ramp 

intersection at the Nine-Points area with seeps and wet bench faces being reported prior to failure 

(Knight Piésold, 2011).  The instability, named the Midway Slide, was eventually stabilized by 

creating a 5 bench 680,000 ton unweighting cut (Sheets, 2013) (Figure 3.14).  However, the 

mitigation would only be temporarily successful with continued slope deformation being 

detected in February 2009 (Sheets et al., 2014b).   
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Figure 3.13  Midway Slide – failure zone map (topographic map date:  March 1, 2009). 

 

 
Figure 3.14  Eastern highwall on January 2009 after initial remediation.  Area within dashed red 

lines indicates zone of localized unweighting (Sheets, 2013). 

 

3.4.2 April 26
th

, 2009 Failure 

 In early-2009, upper east wall deformation in the Nine Points area accelerated due to 

excavation at the toe of the slope and ultimately forced mining operations to cease in February 

2009 (Knight Piésold, 2011).  As movement continued, deformation eventually became visible 

on March 8
th

, 2009 with the appearance of cracks around the head and toe of the instability 
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(Sheets, 2011).  Although movement was obviously occurring, groundwater flow through the 

Carlin Formation resulted in sloughs of saturated material that did not allow for mitigation of the 

slope (Sheets, 2013). Eventually slope movements increased up to 10-15 ft/day (3-5 m/day) and 

a progressive circular type slope failure occurred on April 26, 2009, where an estimated 3 

million tons of run-out material flowed over the existing ramp intersection (Figures 3.15 and 

3.16) (Yang et al., 2011).   

 
Figure 3.15  April 26

th
, 2009 failure zone map (topographic map date: May 1, 2009). 
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Figure 3.16  Nine points area failure on April 26

th
, 2009 (Sheets, 2012). 

 

3.4.3 October 14
th

, 2009 Failure 

To the south of the Nine Points Slide area (Figure 3.17), a slope instability began to 

develop within a graben formed by the Challenger and Grey-Tuff Faults (Figure 3.18) as mining 

activity progressed with the Phase 4 South Layback (Sheets, 2011).  Mitigation of the instability 

consisted of reducing the inter-ramp slope angle from 25 degrees to 20 degrees, sloping and 

localized unweighting of benches, and monitoring by a robotic prism system and radar 

monitoring system (Sheets, 2011).   

In order to further reduce movement, the construction of a buttress was also planned.  

However, the slope ultimately failed on October 14th, 2009 (Figures 3.19 and 3.20) as efforts 

were underway to expose bedrock for the buttress foundation (Sheets, 2011).  Although 

groundwater was not observed within the graben formed by the Challenger and Grey-Tuff Faults, 

signs of groundwater were observed on the footwall of the Challenger Fault (Sheets, 2011). 
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Figure 3.17  October 14

th
, 2009 failure zone map (topographic map date:  November 1, 2009). 

 

 

 
Figure 3.18  View looking approximately east at area of instability south of the Nine Points slide 

in early September 2009 (Sheets, 2011). 
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Figure 3.19  View looking approximately east at the October 14

th
, 2009 failure (Sheets, 2011) 

 

 
Figure 3.20  View looking approximately south at the October 14

th
, 2009 failure (Sheets, 2011). 

 

3.4.4 December 24
th

, 2009 Failure 

Following the April 2009 failure, movement of the Nine Points slide continued to the 

point that a 31 m (102 ft.) high vertical head scarp had formed (Sheets, 2013).  The remediation 

plan at the time consisted of monitoring the head scarp until sufficient debris had accumulated 

and dozers could safely be used to slope the head scarp from the crest into the slide mass (Sheets, 
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2013).  The ultimate plan was to re-slope the slide mass to a more stable geometry and construct 

a buttress that would be founded on bedrock (Sheets, 2013).     

By December 2009, final sloping activities were underway and appeared to be going as 

expected (Sheets, 2011).  However, on the morning of December 24, 2009, approximately 1.5 

million tons of Carlin Formation failed catastrophically within the Nine Points area (Figures 3.21 

and 3.22) (Yang et al., 2011).  A 1.25 Mt block of Carlin Formation approximately 40 m (131 ft) 

behind the April 2009 failure scarp failed in a brittle manner, drastically and rapidly changed 

loading conditions at the head of the slide, which resulted in reactivation of the Nine Points slide 

and a new head scarp of approximately 91 m (299 ft.) (Sheets, 2011).   

Although numerous failures had occurred in the past within the Carlin Formation at Gold 

Quarry, the December 2009 failure was distinct in that: (1) brittle failure behavior had only 

previously been observed at the one or two-bench scale and (2) previous slides typically 

exhibited observable and/or measureable movement weeks or months prior to complete failure 

(Sheets, 2011).   

 
Figure 3.21  View looking east showing conditions at Gold Quarry on March 2010 (Yang et al., 

2011). 
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Figure 3.22  December 24

th
, 2009 failure zone map (topographic map date:  January 1, 2010).  

Run-out zone approximated from Sheets et al., (2014a). 

 

 

 

 

 

 

 

 

 

 



 

28 
 

 

CHAPTER 4 

PREVIOUS WORK 

 Available previous work regarding the Carlin Formation in the general vicinity of Gold 

Quarry primarily consists of three varieties: (1) published articles in geological, geotechnical, 

and mining publications (2) boring logs describing materials encountered during drilling for 

geological/geotechnical investigations or during installation of piezometers/dewatering wells, 

and (3) geotechnical reports prepared by or for the Newmont Mining Corporation summarizing 

results from laboratory testing of Carlin Formation samples, slope stability analyses, and/or 

subsurface geotechnical investigations.   

 These works have been performed by numerous entities including Newmont Mining 

Corp. (1988-2012), Golder Associates (1990-2002), Knight Piésold Ltd. (2010-2011), Call & 

Nicholas, Inc. (2009-2012), Norwest (2010), Itasca, Inc. (2010), AMEC (2011), and Zonge, Inc. 

(2011-2012).  Most of these works consist of geotechnical reports prepared from 1988 to the 

present as development of the Gold Quarry mine progressed or in response to slope instabilities 

within the Carlin Formation.  Reports by Zonge, Inc. (2011-2012) vary slightly in that they 

present the geophysical findings of Controlled Source Audio Frequency Magnetotelluric 

(CSAMT) and gravity surveys. 

 Historically significant, is Kuiper (1998) where a new model of the Carlin Formation was 

presented which subdivided the Carlin Formation into 14 sub-units based on lithology (Figure 

4.1).  Although that degree of detail proved difficult to consistently apply throughout the entirety 

of the pit due to the Carlin Formation’s complexity, sub-unit nomenclature and descriptions from 

that model are still used to this day. 
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Figure 4.1  Stratigraphic column showing Kuiper (1998) 14 unit subdivision of the Carlin 

Formation (Golder, 2002). 
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In this stratigraphic column, the Carlin Formation sub-units are described from lower to upper as 

(Kuiper, 1998): 

 Tertiary Graben Gravel (Tggvl) – The Tggvl unit consists of gravels found at the base of 

the Hewettite fault and has a unit thickness of 100 ft. (30.5 m) (Figure 4.2). 

 
Figure 4.2  Photograph of core from GTC-2 (583-595 ft. interval) showing the Tggvl unit 

(Newmont, 2006). 

 

 Tertiary Basal Reduced Clay (Tbrc) – The Tbrc unit consists of a dusky red and green 

swelling clay with a thickness of 30-70 ft. (9-21 m) and occasional gravel lenses (Figure 

4.3). 

    
                                     (a)                                                                           (b) 

Figure 4.3  Photographs of: (a) dusky red Tbrc in core from GTC-14 (609-609.8 ft. interval) and 

(b) green Tbrc in GTC-78 (340-342 ft. interval) (Newmont, 2006 and Newmont. 2010b). 
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 Tertiary Basal Tuff (Tbt) – The Tbt unit is composed of greenish yellow to greyish green 

fine sand to silt-size waxy tuff with a thickness of 40-60 ft. (12-18 m) (Figure 4.4).  The 

unit also contains occasional gravel clasts and is commonly silicified west of the Grey 

Fault. 

 
Figure 4.4  Photograph of core from GTC-7 (402-403 ft. interval) showing the Tbt unit 

(Newmont, 2006). 

 

 Tertiary Lower Glassy Sands (Tlgs) – The Tlgs unit consists of massive glassy sands that 

are grey to olive in color.  The unit has a thickness of 1-70 ft. (0.3-21 m) (Figure 4.5). 

 
Figure 4.5  Photograph of core from GTC-11 (463-464 ft. interval) showing the Tlgs unit 

(Newmont, 2006). 
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 Tertiary Lower Laminated Tuff (Tllt) – The Tllt unit is composed of grey to olive sand-

size shard(s) interbedded with ripple laminated white tuff.  The unit has a thickness of 60-

125 ft. (18-38 m) (Figure 4.6) and commonly has silty swelling white tuff at the top of 

unit.  This unit is one of two Carlin Formation units commonly referred to as a “zebra 

unit”. 

 
Figure 4.6  Photograph of core from GTC-14 (450-458 ft. interval) showing the Tllt unit 

(Newmont, 2006). 

 

 Tertiary Clayey Silts (Tcm) – The Tcm unit consists of white, yellowish grey, and pink 

swelling lacustrine silts, as well as pale yellowish brown plastic silts with a thickness of 

1-40 ft. (0.3-12 m) (Figure 4.7). 

 
Figure 4.7  Photograph of core from GTC-48 (515- 525 ft.) showing the Tcm unit (Newmont, 

2009). 
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 Tertiary Gravelly Sands (Tgvs) – The Tgvs unit is composed of coarse, yellowish brown, 

loose and indurated sands with angular gravel clasts.  The unit has a thickness of 1-30 ft. 

(0.3-9 m) (Figure 4.8). 

 
Figure 4.8  Photograph of core from GTC-13 (329 – 329.7 ft. interval) showing the Tgvs unit 

(Newmont, 2006). 

 

 Tertiary Middle Tuff (Tmt) – The Tmt unit consists of light brown and moderate orange 

pink interbedded indurated tuff.  East of the Grey Fault, the unit becomes dominated by 

finely ripple laminated silts and fine sands, while becoming more massive west of the 

Grey Fault.  The unit has a thickness of 50-125 ft. (15-38 m) (Figure 4.9). 

 
Figure 4.9  Photograph of core from GTC-7 (283-284 ft. interval) showing the Tmt unit 

(Newmont, 2006). 
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 Tertiary Middle Massive Sands (Tmms) – The Tmms unit is composed of yellowish 

brown glass and lithic sands.  The unit has a thickness of 1-30 ft. (0.3-9 m) (Figure 4.10). 

 
Figure 4.10  Photograph of core from GTC-10 (234-235 ft. interval) showing the Tmms unit 

(Newmont, 2006). 

 

 Tertiary Upper Tuff (Tut) – The Tut unit is similar in appearance as the previously 

discussed Tllt unit.  This unit consists of grey to olive sand-size glass shard interbedded 

with ripple laminated white tuff (Figure 4.11).  The unit has a thickness of 20-100 ft. (6-

30 m) and commonly has a silty swelling white tuff at the top of unit.  This unit is one of 

two Carlin Formation units commonly referred to as a “zebra unit”. 

 
Figure 4.11  Photograph of core from GTC-2 (313-322 ft.) showing the Tut unit (Newmont, 

2006).  
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 Tertiary Upper Silts and Sands (Tuss) - The Tuss unit consists of pale brown silts with 

interbedded loose sands and indurated tuff (Figure 4.12).  The unit has a thickness of 50-

100 ft. (15-30 m). 

 
Figure 4.12  Photograph of core from GTC-14 (200-201 ft. interval) showing Tuss unit 

(Newmont, 2006). 

 

 Tertiary Upper Massive Sands (Tums) – The Tums unit is composed of yellowish brown 

indurated glass and lithic sands with gravel lenses (Figure 6.12).  The unit has a thickness 

of 50-150 ft. (15-46 m) and is mostly found east of the Grey Fault. 

 
Figure 4.13  Photograph of core from GTC-14 (129-130 ft. interval) showing Tums unit 

(Newmont, 2006). 
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 Tertiary Debris Flow (Tdf) – The Tdf unit is composed of yellowish brown, massive, 

indurated, commonly calcareous, matrix supported gravels (Figure 4.14).  The unit has a 

thickness of 100-200 ft. (30-61 m) and is located east of the Grey Fault. 

 
Figure 4.14  Photograph of core from GTC-1 (91-100 ft. interval) showing the Tdf unit 

(Newmont, 2006). 

 

 Quaternary Colluvium (Qcol) – The Qcol unit is composed of light brown, poorly 

consolidated fine sands with less than 60 percent gravel fragments and contains no 

volcanic clasts (no photographs of unit available).  The unit has a thickness of 60-175 ft. 

(18-53 m) and is located west of the Grey Fault. 
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CHAPTER 5 

METHODS 

The following discusses the three-stage approach used to construct the updated 

geological model of the Carlin Formation for slope stability purposes at Gold Quarry.  The three-

stage method consisted primarily of: (1) compiling data and constructing geological cross 

sections, (2) developing ranges for engineering properties of Carlin Formation sub-units for 

individual cross sections, and (3) a qualitative assessment of the model consisting of interpreting 

shear surfaces in cross sections that intersected recent failure zones. 

5.1 Stage 1 

Stage 1 consisted of the following tasks: 

1. Review of previous work and research 

2. Selection of cross section line locations. 

3. Preparation of geological cross-sections using geotechnical/hydrogeological drill 

logs and defining units based on the historic Carlin Formation descriptions from 

Kuiper (1998). 

The first part of Stage 1 consisted of reviewing previous work and available data 

regarding the Carlin Formation in the general vicinity of the Gold Quarry which consisted 

primarily of three varieties:  (1) published articles in the literature (2) geotechnical and 

hydrogeological drill logs, and (3) geotechnical reports prepared by or for Newmont Mining 

Corporation summarizing results from laboratory testing of Carlin Formation samples, slope 

stability analyses, and/or subsurface investigations.  Photographs of core also accompanied some 

of the geotechnical drill logs.   
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 The second part of Stage 1 consisted of selecting the cross section line locations that 

would render the most useful information regarding the Carlin Formation at Gold Quarry.  Since 

the model was intended to be used primarily for slope stability purposes, the majority of the 

section lines were oriented near-perpendicular to the pit slope.  However, two section lines were 

oriented near-parallel to the pit slope such that they would intersect most of the other section 

lines.  This was done in order to examine whether it was possible to identity some kind of 

continuity within the Carlin Formation which appeared to be lacking in previously constructed 

models.  Aside from approximately spacing section lines evenly across the pit slope, section lines 

were adjusted to best intersect: (1) recent documented failure zones, (2) areas with a good 

distribution of drill holes along the length of the section line, and (3) areas that might undergo 

further pit development in the near future.  Specific details regarding the reasoning for each 

section line location are discussed for each cross section in Chapter 6. 

 The third part of Stage 1 consisted of constructing geological cross sections using the 

drill logs from the drill holes in the study area.  Due to the extensive use of the sub-unit 

differentiation from the Kuiper (1998) model in recent years, it was decided that the most 

practical approach would be to use the same unit descriptions to define sub-units within the 

Carlin Formation for this model.  Additionally, many of the hydrogeology logs often contained 

minimal logging descriptions but did have some interpretation of sub-unit contacts using 

nomenclature from the Kuiper (1998) model.  However, it was anticipated that it would not be 

possible to consistently identify each of the 14 sub-units from Kuiper (1998) in all of the 

available drill logs.   

 Initial cross section construction efforts verified that it would be impractical to use the 14 

sub-units defined in Kuiper (1998) due to the heterogeneous and repetitive nature of the Carlin 
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Formation as well as the varying quality/detail provided in logging descriptions.  As a result, the 

original stratigraphic column was modified such that the number of sub-units was reduced from 

14 to 11 sub-units.  The following describes the modifications made to the original stratigraphic 

column as well as other simplifications that were necessary in order to complete this project: 

 Sub-units defined in previous works as Tuss, Tums, Tdf, Qcol, and Qal (Figure 4.1) were 

grouped into a single unit named “Tuss”.  This was done primarily due to: (1) these units 

having fairly similar lithologies, (2) all of these units overlay the Tut unit, which is the 

first Carlin Formation sub-unit (from upper to lower) whose lithology is significantly 

different from overlying and underlying sub-units, and (3) the varying detail in logging 

descriptions which made it difficult to confidently identify the contact among these sub-

units and correlate said sub-units from drill hole to drill hole. 

 Due to the high density of drill holes in many areas of the pit, non-vertical drill holes 

were projected vertically at true vertical depth in cross sections to avoid having drill holes 

crossing over one another.  Vertical drill holes were used whenever possible to reduce the 

number of instances this needed to be done.  Drill holes that were projected in this 

manner are indicated on cross sections with drill hole ID labels in quotations (ex. “GTC-

2”).   

 Bedrock geometries were first established using only depths to bedrock obtained from 

drill holes along section lines and then compared to bedrock profiles extracted from 

Newmont’s bedrock computer model.  In general, depths to bedrock at drill hole 

locations were consistent with the bedrock computer models.  For parts along section 

lines where no drill holes were located, bedrock geometries were adjusted to better match 

the profiles extracted from Newmont’s bedrock computer model. 
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 Fault locations and orientations shown in cross sections have been inferred from fault 

computer models provided by Newmont unless otherwise noted. 

 For faults that did not project into bedrock according to the provided computer models, 

the term Shear Zone was used instead.  The designation simply implies that movement 

along these planes may or may not have been occurring prior to instabilities of the pit 

slope.  These shear zones were included in the cross sections but are shown without 

offset.  

5.2 Stage 2 

Stage 2 consisted of the following tasks: 

1. Compiling of strength testing data along section lines. 

2. Correlating strength testing data to Carlin Formation sub-units. 

3. Development of ranges for engineering properties for Carlin Formation sub-units 

for individual cross-sections. 

Once geological cross sections had been constructed, it was necessary to develop ranges 

of engineering properties for the Carlin Formation sub-units specific to each cross section.  The 

first part of Stage 2 began with identifying the test samples that were in the vicinity of each 

section line and correlating the testing data to specific sub-units within the Carlin Formation.  

Test samples locations were added to the cross sections constructed in Stage 1 whenever 

possible.  However, due to rapid changes in thickness and geometry of Carlin Formation sub-

units away from section lines, some test sample locations could not be accurately shown on cross 

sections.  Samples whose data was used in developing ranges of engineering properties but 

whose locations are not shown in cross section have an asterisk (*) next to their samples ID’s in 

the data set tables provided in Chapter 6.  Additionally, the unit weights provided in the same 
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tables refers to unit weights at time of testing.  

5.3 Stage 3  

Stage 3 was a qualitative assessment of the model that consisted of the following tasks: 

1. Interpretation of shear surfaces in cross sections that intersected recent failure 

zones. 

2. Comparison of strength parameters between sub-units near the pit slope of recent 

failure zones. 

After cross sections were constructed and ranges for engineering properties for Carlin 

Formation sub-units were developed, a qualitative assessment of the model was completed using 

the following recent instabilities/failures:  (1) the Phase 4 – North Failure, (2) the October 14
th

, 

2009 failure, and (3) the Nine Points failure(s).  The qualitative assessment of the model 

consisted of interpreting shear surfaces in the cross sections that intersected these failure zones 

and had two principal objectives:  (1) to identify the Carlin Formation sub-units involved in these 

failures based on the interpretations made in the cross sections and (2) to evaluate whether there 

was a relationship between shear surface location/depth and the location of sub-units with low 

values for geotechnical strength parameters relative to other sub-units.   

Shear surfaces were inferred using pre-failure and post-failure topographic maps and 

connecting the main head scarp to the surface of rupture at the toe for each failure as identified 

on pit profiles.  Due to lack of post failure drilling, except for the December 24
th

, 2009 Nine 

Points failure event, it was not possibly to verify the geometry of the interpreted shear surfaces.  

As a result, simplified rotational type failure surfaces were inferred.  Regarding engineering 

properties, comparison between sub-units focused on residual strength values due to most of the 

available testing data being for residual strength as well as previous work reporting that there is a 
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tendency for instabilities within the Carlin Formation to occur at or near residual strength 

(Sheets, 2013).  Comparison of residual friction angle (ϕr) values was emphasized since there 

was often not significant difference in residual cohesion (cr) values between sub-units.   
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CHAPTER 6 

RESULTS:  CROSS SECTIONS AND ASSIGNED ENGINEERING PROPERTIES 

 The results for this research consist of geological cross sections including assigned 

engineering properties for Carlin Formation sub-units.  Section lines, major structures, and 

distribution of drill holes are shown in Figure 6.1. The following describes each of the cross 

sections constructed as well as the ranges of engineering properties that were developed.  

 
Figure 6.1  Map showing location of drill holes, known faults, and sections lines in study area. 
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6.1 Explanation of Cross Sections and Testing Data 

The majority of the cross sections presented in this chapter are shown with both recent 

and pre-failure pit profiles.  The color that was designated to each Carlin Formation sub-unit is 

shown in Figure 6.2.  However, in order to best illustrate the extent of Carlin Formation material 

that has been removed between the dates of the recent and pre-failure profiles, material removed 

prior to the date of the recent pit profile is shown as translucent (Figure 6.2).  Due to the wide 

range of colors used for sub-units, the fault/shear zone color that best showed on cross sections 

often varied.  As a result, symbols for faults/shear zones may be shown in either black or white 

within the same cross section.  This was done solely for illustrative purposes but in general, 

white showed best within intact Carlin Formation material and black showed best within 

removed Carlin Formation material.  However, in following chapters only black was used for 

faults/shear zone symbols since removed material was typically not included.  For all cross 

sections, the distance away from section lines provided for each drill hole refers to approximate 

perpendicular distance unless noted otherwise.  Details regarding the reasoning for section line 

locations specific to each cross section are discussed in following sections.   

As with the fault/shear zone symbols, testing sample locations may also be shown in 

either black or white.  Due to rapid changes in thickness and geometry of Carlin Formation sub-

units away from sections lines, some test sample locations could not be accurately projected onto 

cross sections and may not be shown.  Test samples to which this applies will have an asterisk 

(*) next to their sample ID in the tables listing the available testing data along section lines (i.e., 

GTC-16-179*).  As discussed in following sections, there was often a significant decrease in the 

amount of detail provided in logs for drill holes east of the James Creek and Crusher Faults 

(Figure 6.1), which led to decreased confidence in defining sub-units for drill holes on the 
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eastern part of the study area.  For completeness, the testing data from these drill holes is 

presented in the following sections but may have not been used in deriving ranges for 

engineering properties.  Testing data not used in deriving ranges of engineering properties will 

have a question mark (?) next to their sample ID in the tables listing available testing data along 

section lines (i.e., GTC-16-231 (?)). 

 
Figure 6.2.  Modified Carlin Formation stratigraphic column showing color designation for sub-

units.  Same color for intact and removed material from the same sub-unit except for the 

translucency of removed material.  
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6.2 Cross Section A-A’ 

Cross Section A-A’ (CS A-A’) was constructed along Section Line A-A’ (Figure 6.3), 

near- parallel to the Gold Quarry eastern pit slope.  CS A-A’ was constructed concurrently with 

Cross Section B-B’ in order to get a general understanding of the stratigraphy at Gold Quarry 

and assess the practicality of constructing geological cross sections of the Carlin Formation using 

the sub-units defined in Kuiper (1998).  An iterative construction process for CS A-A’ showed 

that the approach would be feasible using a modified version of the Kuiper (1998) stratigraphic 

column and it was decided to construct subsequent cross sections in a similar manner.   

 
Figure 6.3  Map showing location of Section Line A-A’. 
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 The constructed CS A-A’ is shown in Figure 6.4 with recent and pre-failure pit profiles 

along with ranges of engineering properties that were developed for Carlin Formation sub-units.  

Removed Carlin Formation material is shown as translucent.  The drill holes used in the 

construction of CS A-A’ are listed in Table 6.1 along with comments regarding how sub-units 

contacts were defined using the available logging information.  Although GTC-9 is shown in 

close proximity to Section Line A-A’ (Figure 6.3), it was not included in CS A-A’ due to the 

drill log for this hole having been lost in recent years (Sheets, 2012).  GTC-100 was also omitted 

from CS A-A’ due to its proximity to GTC-2 where the Carlin Formation sub-units could be 

interpreted with greater confidence.    

Table 6.1  Summary of comments for drill holes used in Cross Section A-A’. 

Hole ID Comments 

GTC-2 

Some interpretation of sub units in original log.  Unit contacts shown in cross sections 

are based on logging descriptions and partially on previous interpretations.  Some 

photographs were also reviewed but were of variable quality.  

GTC-6 
No sub units previously defined.  Unit contacts shown in cross section are based only 

on logging descriptions. 

GTC-7 

Some interpretation of sub-units in original log.  Unit contacts shown in cross section 

are based on reinterpretation of the log based on logging descriptions and slightly on 

photographs (only 10 photos available). 

GTC-10 

Minimal interpretation of sub-units in original log.  Unit contacts shown cross sections 

are based on logging descriptions and slightly on photographs of core (only 9 photos 

available of varying quality). 

GTC-11 

Some interpretation of sub-units in original log.  Unit contacts shown in cross sections 

are based logging description and partially on previous interpretations.  Some use of 

photographs to verify descriptions (only 3 photos available). 

GTC-14 

Minimal interpretation of sub-units in original log.  Unit contacts shown in cross 

sections are based on logging descriptions and slightly on photographs of core (low to 

moderate quality photos). 

GTC-15 

Some interpretation of sub-unit contacts in original log.  Unit contacts shown in cross 

sections are based on logging descriptions and partially on previous interpretations.  

Some photographs of core were available but were of low quality. 

GTC-92 Log only used to constrain bedrock. 

QCP-57 
Original sub-unit interpretations from log shown in cross sections except for Qal being 

changed to “Tuss”. 

LK-78 

Originally only Tuss, Tllt, and Tbt defined.  Units shown in cross sections based on 

some of those interpretations and rock types given in log.  Drill hole in cross section 

starts at Tllt contact due to lack of confidence in defining units above that point. 
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Figure 6.4  Cross Section A-A’ with recent and pre-failure pit profiles. 
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6.2.1 Engineering Properties for Cross Section A-A’  

After the construction of CS A-A’, the available strength testing data along Section Line 

A-A’ was compiled and correlated to specific Carlin Formation sub-units.  Only strength testing 

data from test samples relatively close to Section Line A-A’ that could confidently be correlated 

to Carlin Formation sub-units was included into this data set.  

 Based on the available testing data, ranges for engineering properties for the Carlin 

Formation sub-units were then developed for CS A-A’ as shown in Table 6.2.  Although the Tcm 

unit was interpreted in some of the holes used in constructing CS A-A’, ranges for engineering 

properties could not be developed for this unit since no testing data was available for this specific 

unit.  The complete data set can be found in Table 6.3, where samples have been grouped  

together according to the Carlin Formation sub-unit each sample was correlated to in CS A-A’.   

Table 6.2  Ranges for engineering properties developed for Cross Section A-A’. 

Unit 
Unit Weight 

(pcf) 

Peak Direct Shear Strength 
Residual Direct Shear 

Strength 

Number of Test 

Samples 

Friction Angle 

(degrees) 

Cohesion 

(psi) 

Friction Angle 

(degrees) 

Cohesion 

(psi) 
Peak Residual 

“Tuss” 95 – 110 21° – 34° 12 – 112 11° – 33° 2 – 16 5 6 

Tut 99 – 101 20° – 21° 16 – 27 8° – 10° 4 – 9 3 3 

Tmms 108 30° 23 31° 9 1 1 

Tmt 104 – 109  28° 59 10° – 18° 2 – 14 1 2 

Tgvs 111 – 115  26° – 33° 35 – 65 17° – 30° 6 – 10 2 2 

Tcm ------------------ ------------------ --------------- ----------------- -------------- No Test Samples 

Tllt 99 – 108 11° – 31° 10 – 41 12° – 14° 1 – 7 2 2 

Tlgs 114 34° 127 27° 26 1 1 

Tbt 98 – 118 11° – 24° 23 – 58 8° – 15° 2 – 12 4 4 

Tbrc 105 – 118  15° – 48° 12 – 99 5° – 20° 3 – 13 6 6 

Tggvl 130 – 133  20°  – 35° 13 – 18  12°  – 18° 9 – 19 2 2 
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Table 6.3  Data set of strength testing data available along Section Line A-A’ (SL A-A’). 

Inferred 

Carlin Fm. 

sub-unit 

Sample 

ID 

Approx. 

Distance from 

SL A-A’ (ft.) 

Unit Weight 

(pcf) 

Peak Direct Shear Strength Residual Direct Shear Strength 

Reference Friction Angle 

(degrees) 

Cohesion 

(psi) 

Friction Angle 

(degrees) 

Cohesion 

(psi) 

“Tuss” 

GTC7-122 5 98.8 25.5° 111.9 28.3° 16.3 CNI (2006a and 2006b) 

GTC14A-200 103 95.2 21.4° 83.9 10.7° 4.7 CNI (2006a and 2006b) 

GTC15-132 183 105.8 n/a n/a 33.4° 2.1 CNI (2007) / Newmont (2010) 

GTC15-187 183 95.3 26.8° 51.7 29.0° 7.8 CNI (2007) / Newmont (2010) 

GTC15-231 183 100.8 33.6° 70.2 32.3° 7.5 CNI (2007) / Newmont(2010) 

GTC18-081 81 109.5 26.0° 12.0 26.7° 4.7 CNI (2007) / Newmont (2010) 

Tut 
GTC7-217 5 98.7 20.9° 26.6 9.5° 9.3 CNI (2006a and 2006b) 

GTC18-150 81 101.4 20.0° 17.6 7.7 3.6 CNI (2007) / Newmont (2010) 

GTC18-151 81 100.8 21.0° 16.0 9.8 6.9 CNI (2007) / Newmont (2010) 

Tmms GTC2-344 7 107.9 30.0° 22.9 30.7° 9.0 CNI (2006a and 2006b) 

Tmt 
GTC15-294 183 103.9 27.8° 58.7 18.2 14.6 CNI (2007 / Newmont (2010) 

GTC18-252 81 108.6 n/a n/a 10.3 2.2 CNI (2007) / Newmont (2010) 

Tgvs 
GTC10-321 77 114.6 25.5° 35.4 17.4° 10.1 CNI (2006a and 2006b)) 

GTC15-336 183 111.2 33.2° 65.0 30.3° 5.7 CNI (2007) / Newmont (2010) 

Tllt 
GTC15-387 183 99.4 30.5° 10.4 13.7° 1.2 CNI (2007 / Newmont (2010) 

GTC15-447 183 107.8 11.4° 40.6 12.4° 6.5 CNI (2007) / Newmont (2010) 

Tlgs GTC11-463 102 113.6 34.0° 127.2 26.9° 26.3 CNI (2006a and 2006b) 

Tbt 

GTC7-402 5 103.7 10.7° 23.4 8.3° 4.5 CNI (2006a and 2006b) 

GTC11-474 102 97.9 19.9° 54.5 11.2° 12.0 CNI (2006a and 2006b) 

GTC15-481 183 118.2 21.7° 34.6 11.7° 2.4 CNI (2007) / Newmont (2010) 

GTC18-327 81 108.08 23.81 58.34 15.28 6.87 CNI (2007) / Newmont (2010) 

Tbrc 

GTC10-412 77 105.2  21.6° 1.7 13.9° 3.1 CNI (2006a and 2006b) 

GTC10-448 77 117.7 14.8° 13.4 5.2° 3.8 CNI (2006a and 2006b) 

GTC14A-605 103 110.7 19.8° 69.9 7.6° 8.3 CNI (2006a and 2006b) 

GTC14A-609 103 109.2 12.3° 30.6 7.5° 7.6  CNI (2006a and 2006b) 

GTC15-531 183 107.5 21.7° 12.4 7.8° 4.9 CNI (2007) / Newmont (2010) 

GTC18-387 81 114.8 48.2 99.3 20.4 13.1 CNI (2007) / Newmont (2010) 

Tggvl 
GTC7-430 5 129.6 19.9° 17.9 17.7° 8.8 CNI (2006a and 2006b) 

GTC7-503 5 132.8 35.4° 13.1 11.9° 18.9 CNI (2006a and 2006b) 

Bedrock GTC18-476 81 128.0 15.9° 20.73 11.77° 4.35 CNI (2007) / Newmont (2010) 
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6.3 Cross Section B-B’  

Cross Section B-B’ (CS B-B’) was constructed along Section Line B-B’ (Figure 6.5), 

near- parallel to the Gold Quarry eastern pit slope.  Cross Section B-B’ was constructed 

concurrently with CS A’A’ in order to assess the practicality of applying the Carlin Formation 

sub-unit descriptions from Kuiper (1998) in constructing cross sections for this project.  As with 

CS A-A’, an iterative construction process for CS B-B’ showed that the approach would be 

feasible using a modified version of the Kuiper (1998) stratigraphic column, which led to the 

decision of constructing subsequent cross sections in a similar manner. 

 
Figure 6.5  Map showing location of Section Line B-B’. 
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The constructed CS B-B’ is shown in Figure 6.6 with recent and pre-failure profiles along 

with ranges of engineering properties that were developed for Carlin Formation sub-units.  

Removed Carlin Formation material is shown as translucent.  The drill holes used in the 

construction of CS B-B’ are listed in Table 6.4 along with comments regarding how sub-unit 

contacts were defined using the available logging information.  Regarding the Normal Shear 

Zone, its computer model was not available at the time this project was being completed which 

resulted in having to approximate its location and dip/orientation.  The location and dip direction 

were approximated from Yang et al., (2011), while a dip of 68 degrees was chosen based on this 

being the approximate dip value of other NW-SE structures at the pit with the same dip direction. 

Table 6.4  Summary of comments for drill holes used in Cross Section B-B’. 

Hole ID Comments 

GTC-12 
Some interpretations of sub-unit contacts in original log.  Unit contacts shown in cross 

sections are based logging descriptions and partially on previous interpretations.  

GTC-13 
Minimal interpretation of sub units in original log.  Unit contacts shown in cross 

sections are based on logging descriptions and 5 photographs showing ~ 5 feet of core. 

GTC-15 

Some interpretation of unit contacts in original log.  Unit contacts shown in cross 

sections are based on logging descriptions and partially on previous interpretations. 

Some photographs were available but of poor quality. 

GTC-16 
Some interpretation of unit contacts in original log.  Unit contacts shown in cross 

sections are based on logging descriptions and partially on previous interpretations. 

GTC-17 

Some interpretation of unit contacts made in original log.  Unit contacts shown in 

cross sections are based on logging descriptions and partially on previous 

interpretations. 

GTC-19 
Some interpretation of sub-units made in original log.  Unit contacts shown in cross 

sections are based on logging descriptions and partially on previous interpretations. 

GTC-20 

Minimal interpretation of sub-units in original log.  However, major lithological 

contacts were often indicated.  Unit contacts shown in logs shown in cross sections are 

based on logging descriptions and tend to coincide with previous observations. 

GTC-70 

Only Tuss, Tllt, and Tbt units previously defined in digital log.  Unit contacts shown 

in cross sections are largely based on original logging descriptions and available 

photographs. 

QCP-79 
Only Tuss, Tllt, and Tbt units previously defined in log.  Unit contacts shown in cross 

sections are based on rock types and descriptions provided in log. 

QCP-93, QCP-94A, 

QDW-18 
Only used to constrain bedrock. 
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Figure 6.6  Cross Section B-B’ with recent and pre-failure pit profiles. 
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6.3.1 Engineering Properties for Cross Section B-B’ 

After the construction of CS B-B’, the available strength testing data along Section Line 

B-B’ was compiled and correlated to specific Carlin Formation sub-units.  Only strength testing 

data from samples relatively close to Section Line B-B’ that could confidently be correlated to 

Carlin Formation sub-units was included in this data set. 

Based on the available testing data, ranges for engineering properties for the Carlin 

Formation sub-units were then developed as shown in Table 6.5.  Ranges for the Tcm unit are 

not reported since no testing data was available for this unit, while no ranges are reported for the 

Tggvl unit since the unit was not interpreted along Section Line B-B’.  The complete data set can 

be found in Table 6.6, where samples have been grouped together according to the Carlin 

Formation sub-unit each sample was correlated to in CS B-B’ 

Table 6.5  Ranges for engineering properties developed for Cross Section B-B’. 

Unit 
Unit Weight 

(pcf) 

Peak Direct Shear 

Strength 

Residual Direct Shear 

Strength 

Number of Test 

Samples 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 
Peak Residual 

“Tuss” 93 - 110 21° - 43° 18 - 84 11° - 35° 0 - 9 9 20 

Tut 101 - 109 33.6° 68.5 17° - 29° 3 - 9 1 2 

Tmms 105 - 114 34.0° 24.3 31° - 34° 3 - 7 1 4 

Tmt 95 - 111 24° - 28° 36 - 59 16° – 33° 3 - 15 2 7 

Tgvs 103 - 117 33° - 34° 11 - 65 29° - 36° 2 – 7 2 6 

Tcm ---------------- --------------- -------------- -------------- ------------- No Test Samples 

Tllt 99 - 109 11° - 31° 10 - 41 12° – 30° 0.7 - 7 2 6 

Tlgs 106.6 n/a n/a 26.7° 4.7 0 1 

Tbt 103 – 122  21.7° 34.6 10° - 32° 2 – 7  1 7 

Tbrc 107 - 111 12° - 22° 12 - 70 7° - 8° 5 - 8 3 3 

Tggvl ---------------- --------------- -------------- -------------- ------------- Not Interpreted in CS 
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Table 6.6  Data set of strength testing data available along Section Line B-B’ (SL B-B’). 

Inferred 

Carlin Fm. 

Sub-unit 

Sample 

ID 

Approx. 

Distance from 

SL B-B’ (ft) 

Unit Weight 

(pcf) 

Peak Direct Shear Strength Residual Direct Shear Strength 

Reference Friction Angle 

(degrees) 

Cohesion 

(psi) 

Friction Angle 

(degrees) 

Cohesion 

(psi) 

“Tuss” 

GTC14A-200* 172 95.21 21.43° 83.90 10.71° 4.68 CNI (2006a and 2006b) 

GTC15-132 84 105.77 n/a n/a 33.39° 2.05 CNI (2007) / Newmont (2010) 

GTC15-187 84 95.28 26.87° 51.68 29.03° 7.75 CNI (2007) / Newmont (2010) 

GTC15-231 84 100.75 33.61° 70.22 32.27° 7.46 CNI (2007) / Newmont(2010) 

GTC16-179 50 98.49 n/a n/a 23.9° 3.01 CNI (2007) / Newmont (2010) 

GTC16-237 50 103.22 n/a n/a 35.47° 1.91 CNI (2007) / Newmont (2010)  

GTC17-127 0 110.0 n/a n/a 35.05° 0.0 CNI (2007) / Newmont (2010) 

GTC17-175 0 103.0 30.35° 36.34 34.31° 1.3 CNI (2007) / Newmont (2010) 

GTC17-241 0 102.59 39.04° 54.17 25.44° 3.8 CNI (2007) / Newmont (2010) 

GTC17-244 0 106.7 42.81° 33.04 34.21° 8.67 CNI (2007) / Newmont (2010) 

GTC17-287 0 109.15 25.0° 75.43 35.22° 4.26 CNI (2007) / Newmont (2010) 

GTC17-353 0 107.41 34.77° 17.94 34.24° 1.77 CNI (2007) / Newmont (2010) 

GTC17-382 0 109.25 31.75° 27.71 26.24° 7.64 CNI (2007) / Newmont (2010) 

GTC20-106 226 96.42 n/a n/a 35.61° 5.51 Newmont (2010) 

GTC20-183 226 92.85 n/a n/a 35.29° 1.16 Newmont (2010) 

GTC20-232 226 98.09 n/a n/a 33.59° 2.37 Newmont (2010) 

GTC20-282 226 102.17 n/a n/a 32.88° 2.66 Newmont (2010) 

GTC20-336 226 108.68 n/a n/a 32.73° 2.47 Newmont (2010) 

GTC20-392 226 110.22 n/a n/a 27.86° 6.9 Newmont (2010) 

GTC20-426 226 110.08 n/a n/a 34.29° 4.79 Newmont (2010) 

Tut 
GTC17-432 0 100.56 33.58° 68.5 16.64° 3.52 CNI (2007) / Newmont (2010) 

GTC20-496 226 109.21 n/a n/a 29.29° 8.78 Newmont (2010) 

Tmms 

GTC16-280 50 104.5 n/a n/a 31.26° 5.47 CNI (2007) / Newmont (2010) 

GTC17-491 0 113.56 34.0° 24.28 33.76° 7.11 CNI (2007) / Newmont (2010) 

GTC20-532 226 108.56 n/a n/a 34.17° 4.64 Newmont (2010) 

GTC20-583 226 107.57 n/a n/a 32.66° 3.02 Newmont (2010) 

Tmt 

GTC15-294 84 103.9 27.75° 58.73 18.16° 14.64 CNI (2007 / Newmont (2010) 

GTC16-347 50 111.0 n/a n/a 32.69° 4.86 CNI (2007) / Newmont (2010) 

GTC17-582 0 105.32 23.71° 35.95 19.61° 7.98 CNI (2007) / Newmont (2010) 
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Table 6.6, Continued. 

Inferred Carlin 

Fm. Sub-unit 

Sample 

ID 

Approx. 

Distance from 

SL B-B’ (ft) 

Unit Weight 

(pcf) 

Peak Direct Shear Strength Residual Direct Shear Strength 

Reference Friction Angle 

(degrees) 

Cohesion 

(psi) 

Friction Angle 

(degrees) 

Cohesion 

(psi) 

Tmt 
(continued) 

GTC17-633 0 104.67 n/a n/a 30.66° 7.24 CNI (2007) /Newmont (2010) 

GTC19-555 27 99.58 n/a n/a 21.49° 5.6 Newmont (2010) 

GTC19-582 27 104.33 n/a n/a 31.54° 2.62 Newmont (2010) 

GTC20-613 226 94.89 n/a n/a 15.67° 3.46 Newmont (2010) 

Tgvs 

GTC13-329 34 113.99 34.31° 11.31 35.84° 3.89 CNI (2006a and 2006b) 

GTC15-336 84 111.15 33.27° 64.95 30.32° 5.69 CNI (2007) / Newmont (2010) 

GTC16-486 50 103.0 n/a n/a 31.98° 5.25 CNI (2007) / Newmont (2010) 

GTC17-688 0 116.57 n/a n/a 32.19° 7.23 CNI (2007) / Newmont (2010) 

GTC19-642 27 110.13 n/a n/a 33.45° 1.58 Newmont (2010) 

GTC20-675 226 105.89 n/a n/a 29.14° 4.22 Newmont (2010) 

Tllt 

GTC15-387 84 99.4 30.52° 10.38 13.73° 1.15 CNI (2007 / Newmont (2010) 

GTC15-447 84 107.8 11.42° 40.65 12.41° 6.54 CNI (2007) / Newmont (2010) 

GTC17-728 0 104.67 n/a n/a 13.14° 3.54 CNI (2007) / Newmont (2010) 

GTC17-772 0 106.99 n/a n/a 29.06° 5.32 CNI (2007) Newmont (2010) 

GTC19-686 27 100.84 n/a n/a 15.27° 0.68 Newmont (2010) 

GTC20-737 226 109.03 n/a n/a 30.24° 2.69 Newmont (2010) 

Tlgs GTC17-828 0 106.63 n/a n/a 26.71° 4.68 CNI (2007) / Newmont (2010) 

Tbt 

GTC15-481 84 118.2 21.65° 34.64 11.73° 2.39 CNI (2007) / Newmont (2010) 

GTC16-628 50 121.57 n/a n/a 27.35° 2.29 CNI (2007) / Newmont (2010) 

GTC16-667 50 110.3 n/a n/a 13.18° 4.24 CNI (2007) / Newmont (2010) 

GTC19-727 27 106.63 n/a n/a 31.69° 4.76 Newmont (2010) 

GTC20-787 226 103.32 n/a n/a 19.9° 6.65 Newmont (2010) 

GTC20-812 226 107.74 n/a n/a 9.85° 3.23 Newmont (2010) 

GTC-70-213 0 113.0 n/a n/a 9.61° 2.08 CNI (2011) 

Tbrc 

GTC14A-605* 172 110.67 19.77° 69.91 7.56° 8.27 CNI (2006a and 2006b) 

GTC14A-609* 172 109.18 12.28° 30.58 7.48° 7.64  CNI (2006a and 2006b) 

GTC15-531 84 107.51 21.66° 12.39 7.79° 4.85 CNI (2007) / Newmont (2010) 

Bedrock 
GTC13-658 34 141.42 16.05 20.15 10.52° 3.15 CNI (2006a and 2006b) 

GTC17-937 0 129.98 21.25° 38.72 17.56° 6.78 CNI (2007) / Newmont (2010) 
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6.4 Cross Section C-C’ 

Cross Section C-C’ (CS C-C’) was constructed along Section Line C-C’ (Figure 6.7), 

approximately perpendicular to the pit slope, and oriented such that it would intersect the Nine 

Points failure zone.  The drill holes used in the construction of CS C-C’ are listed in Table 6.7, 

along with comments regarding how sub-unit contacts were defined using the available logging 

information.  Of the drill holes along Section Line C-C’, only GTC-49 was not used due to its 

proximity to GTC-48 where Carlin Formation sub-units could be interpreted with greater 

confidence.   

 
Figure 6.7  Map showing location of Section Line C-C’. 
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Table 6.7  Summary of comments for drill holes used in Cross Section C-C’. 

Hole ID Comments 

GTC-19 
Some interpretation of sub-units in original log.  Unit contacts shown in cross 

sections based on logging descriptions and partially on previous interpretations. 

GTC-48 
Only Tuss unit previously defined.  Unit contacts shown in cross sections are based 

on logging descriptions and photographs of core. 

GTC-75 

No sub-units previously defined.  Unit contacts shown in cross sections are based on 

available logging descriptions and photographs of core.  Drill hole in cross sections 

only show undisturbed material below interpreted shear zone. 

GTC-78 

No sub-units previously defined.  Unit contacts shown in cross section based on 

available logging descriptions and photographs of core.  Drill hole in cross sections 

only show undisturbed material below interpreted shear zone. 

QCP-94A 
Only Tuss, Tllt, and Tbt units previously defined.  Unit contacts shown in cross 

sections based on some of those interpretations and rock types given in log. 

QCP-95 Drill hole shown with original sub-unit interpretations. 

JCI-11 

Only Tuss, Tllt, and Tbt previously defined.  Unit contacts shown in cross sections 

are based on logging descriptions, rock types given in log, and partially on previous 

interpretations. 

JCI-12 

Only Tuss, Tllt, Tgvs, and Tbt units previously defined.  Unit contacts shown in cross 

sections are based on logging descriptions, rock types given in log, and partially on 

previous interpretations. 

LK-76 
Only Tuss, Tllt, and Tbt units previously defined.  Unit contacts shown in cross 

sections are based on some of these interpretations and rock types given in log. 

 

The constructed CS C-C’ is shown in Figure 6.8 with recent and pre-failure pit profiles 

along with the ranges of engineering properties that were developed for Carlin Formation sub-

units.  Regarding the amount of detail provided in logging descriptions, there was a significant 

decrease in detail for logs from drill holes east of James Creek (JC) Fault.  This is indicated on 

CS C-C’ by the large arrow pointing away from the pit slope to the right of the JC Fault.  

Logging information was also limited for the area closest to the pit, where the only drill logs 

available were from drill holes that had been drilled after the December 24
th

, 2009 failure event.  

As a result, it was decided to include these drill holes in CS C-C’, however, limited only to the 

undisturbed material below the interpreted shear zone.  For this reason, GTC-75 and GTC-78 are 

not shown in their entirety in CS C-C’. 
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Figure 6.8  Cross Section C-C’ with recent and pre-failure pit profiles. 
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6.4.1 Engineering Properties for Cross Section C-C’ 

 After the construction CS C-C’, the available strength testing data along Section Line C-

C’ was compiled and correlated to specific Carlin Formation sub-units.  Only strength testing 

data from samples relatively close to Section Line C-C’ that could confidently be correlated to 

Carlin Formation sub-units was included in this data set. 

 Based on the available testing data, ranges for engineering properties for the Carlin 

Formation sub-units were then developed for CS C-C’ as shown in Table 6.8.  Ranges for the 

Tcm unit are not reported since no testing data was available for this unit, while no ranges are 

reported for the Tggvl unit since the unit was not interpreted along Section Line C-C’.  The 

complete data set can be found in Table 6.9, where samples have been grouped  together 

according to the Carlin Formation sub-unit each sample was correlated to in CS C-C’ 

Table 6.8  Ranges for engineering properties developed for Cross Section C-C’. 

Unit 

Unit 

Weight 

(pcf) 

Peak Direct Shear 

Strength 

Residual Direct Shear 

Strength 

Number of 

Samples 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 
Peak Residual 

“Tuss” 103 – 110 25° – 43° 18 – 75 25° – 35° 0 – 9 6 7 

Tut 100.6 33.6° 68.5 16.6° 3.5 1 1 

Tmms 113.6 34.0° 24.3 33.8° 7.1 1 1 

Tmt 100 – 105 23.7°  36.0 20° – 32° 3 – 8 1 4 

Tgvs 110 – 117 n/a n/a 32° - 34° 2 – 7 0 2 

Tcm -------------- -------------- -------------- ------------ --------------- No Test Samples 

Tllt 101 – 107 n/a n/a 13° – 29° 0.7 – 5 0 3 

Tlgs 106.6 n/a n/a 26.7° 4.7 0 1 

Tbt 106.6 n/a n/a 31.7 4.8 0 1 

Tbrc 132.0 n/a n/a 9.2° 14.8 0 1 

Tggvl n/a n/a n/a n/a n/a Not Interpreted in CS 
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Table 6.9  Data set of strength testing data available along Section Line C-C’ (SL C-C’). 

Inferred 

Carlin Fm. 

Sub-unit 

Sample 

ID 

Approx. 

Distance from 

SL C-C’ 

(ft) 

Unit Weight 

(pcf) 

Peak Direct Shear Strength 
Residual Direct Shear 

Strength 

Reference Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

“Tuss” 

GTC17-127* 427 110.0 n/a n/a 35.05 0.0 CNI (2007) / Newmont (2010) 

GTC17-175* 427 103.0 30.35 36.34 34.31 1.3 CNI (2007) / Newmont (2010) 

GTC17-241* 427 102.59 39.04 54.17 25.44 3.8 CNI (2007) / Newmont (2010) 

GTC17-244* 427 106.7 42.81 33.04 34.21 8.67 CNI (2007) / Newmont (2010) 

GTC17-287* 427 109.15 25.0 75.43 35.22 4.26 CNI (2007) / Newmont (2010) 

GTC17-353* 427 107.41 34.77 17.94 34.24 1.77 CNI (2007) / Newmont (2010) 

GTC17-382* 427 109.25 31.75 27.71 26.24 7.64 CNI (2007) / Newmont (2010) 

Tut GTC17-432* 427 100.56 33.58 68.5 16.64 3.52 CNI (2007) / Newmont (2010) 

Tmms GTC17-491* 427 113.56 34.0 24.28 33.76 7.11 CNI (2007) / Newmont (2010) 

Tmt 

GTC17-582* 427 105.32 23.71 35.95 19.61 7.98 CNI (2007) / Newmont (2010) 

GTC17-633* 427 104.67 n/a n/a 30.66 7.24 CNI (2007) /Newmont (2010) 

GTC19-555 126 99.58 n/a n/a 21.49 5.6 Newmont (2010) 

GTC19-582 126 104.33 n/a n/a 31.54 2.62 Newmont (2010) 

Tgvs 
GTC17-688* 427 116.57 n/a n/a 32.19 7.23 CNI (2007) / Newmont (2010) 

GTC19-642 126 110.13 n/a n/a 33.45 1.58 Newmont (2010) 

Tllt 

GTC17-728* 427 104.67 n/a n/a 13.14 3.54 CNI (2007) / Newmont (2010) 

GTC17-772* 427 106.99 n/a n/a 29.06 5.32 CNI (2007) Newmont (2010) 

GTC19-686 126 100.84 n/a n/a 15.27 0.68 Newmont (2010) 

Tlgs GTC17-828* 427 106.63 n/a n/a 26.71 4.68 CNI (2007) / Newmont (2010) 

Tbt GTC19-727 126 106.63 n/a n/a 31.69 4.76 Newmont (2010) 

Tbrc GTC-48-0728 112 132.0 n/a n/a 9.23 14.8 CNI (2011) 

Bedrock GTC17-937* 427 129.98 21.25 38.72 17.56 6.78 CNI (2007) / Newmont (2010) 
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6.5 Cross Section D-D’ 

Cross Section D-D’ (CS D-D’) was constructed along Section Line D-D’ (Figure 6.9), 

approximately perpendicular to the eastern pit slope and oriented such that it would intersect the 

Phase 4 – North failure zone.  The drill holes used in the construction of Cross Section D-D’ (CS 

D-D’) are listed in Table 6.10, along with comments regarding how sub-unit contacts were 

defined using the available logging information.   

 
Figure 6.9  Map showing location of Section Line D-D’. 
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Table 6.10  Summary of comments for drill holes used in Cross Section D-D’. 

Hole ID Comments 

GTC-15 

Some interpretation of sub-unit contacts in original log.  Unit contacts 

shown in cross sections are based on logging descriptions and partially 

on previous interpretations.  Some photographs available but of poor 

quality.  

GTC-63 

Only Tuss, Tllt, and Tbt units defined in digital log.  Unit contacts 

shown in cross sections are based on descriptions from original log, 

photographs of core, and  partially on previous interpretations. 

QCP-66 
Drill hole shown with original sub-unit contacts from log except for Qal 

being incorporated into “Tuss”. 

QCP-67 
Drill hole shown with original sub-unit contacts except for Qal being 

incorporated into “Tuss”. 

QCP-72 

Only Tuss, Tllt, and Tbt units previously defined in log.  Unit contacts 

shown in cross sections are based on rock types provided in log and 

partially on previous interpretations. 

QCP-79 

Only Tuss, Tllt, and Tbt units previously defined in log.  Unit contacts 

shown in cross sections are based on logging description and rock types 

and provided in log. 

LK-83 
Only Tuss, Tllt, and Tbt previously defined in logs.  Unit contacts 

shown in cross sections are based on rock types provided in log.   

 

 The constructed CS D-D’ is shown in Figure 6.10 with recent and pre-failure pit profiles 

along with the ranges of engineering properties that were developed for Carlin Formation sub-

units.  For CS D-D’, there was a significant decrease in the degree of detail provided in drill logs 

for drill holes east of the Crusher Fault, which led to decreased confidence in defining Carlin 

Formation sub-units in drill holes for this part of the pit.  This is indicated by a large arrow 

pointing away from the pit slope to the right of the Crusher Fault. Of the drill holes along Section 

Line C-C’, only GTC-08, GTC-61, and GTC-62 were not used.  GTC-08 was omitted due to 

GTC-15 being closer to Section Line C-C’.  The non-vertically drilled GTC-61 and GTC-62 

were omitted due to their proximity to the vertically drilled GTC-63, where sub-unit contacts 

were more readily identifiable.
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Figure 6.10  Cross Section D-D’ with recent and pre-failure pit profiles. 
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6.5.1 Engineering Properties for Cross Section D-D’ 

After the construction of CS D-D’, the available strength testing data along Section Line 

D-D’ was compiled and correlated to specific Carlin Formation sub-units.  Only strength testing 

data from test samples relatively close to Section Line D-D’ that could confidently be correlated 

to Carlin Formation sub-units was included in this data set. 

Based on the available testing data, ranges for engineering properties of Carlin Formation 

sub-units were developed for CS D-D’ as shown in Table 6.12.  Ranges for the Tut and Tlgs 

units are not reported since no testing data was available for these units, while no ranges are 

reported for the Tcm and Tggvl units since these units were not interpreted along Section Line 

D-D’.  The complete data set can be found in Table 6.13, where samples have been grouped 

according to the Carlin Formation sub-unit each sample was correlated to in CS D-D’.  

Table 6.11  Ranges for engineering properties developed for Cross Section D-D’. 

Unit 
Unit Weight 

(pcf) 

Peak Direct Shear 

Strength 

Residual Direct Shear 

Strength 

Number of Test 

Samples 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 
Peak Residual 

Tuss 95 - 106 27° – 34° 52 – 70 24° – 36° 2 – 8 2 5 

Tut ------------- -------------- --------------- --------------- ------------ No Test Samples 

Tmms 104.5 n/a n/a 31.3° 5.5 0 1 

Tmt 104 – 111 27.8° 58.7 18° – 33° 5 – 15 1 2 

Tgvs 103 -111 33.3° 65.0 30° – 32° 5 – 6 1 2 

Tcm ------------- -------------- --------------- --------------- ------------ Not Interpreted in CS 

Tllt 99 – 108 11° – 31° 10 – 41 12° – 14° 1 – 7 2 2 

Tlgs n/a n/a n/a n/a n/a No Test Samples 

Tbt 110 – 122 21.7° 34.6 12° – 27° 2 – 4 1 3 

Tbrc 107.5  21.7° 12.4 7.8° 4.9 1 1 

Tggvl ------------- -------------- --------------- --------------- ------------ Not Interpreted in CS 
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Table 6.12  Data set of strength testing data along Section Line D-D’ (SL D-D’). 

Inferred Carlin 

Fm. Sub-unit 

Sample 

ID 

Approx. 

Distance 

from 

SL D-D’ 

(ft) 

Unit Weight (pcf) 

Peak Direct Shear 

Strength 

Residual Direct Shear 

Strength 

Reference Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

“Tuss” 

GTC15-132 145 105.77 n/a n/a 33.39° 2.05 CNI (2007) / Newmont (2010) 

GTC15-187 145 95.28 26.87° 51.68 29.03° 7.75 CNI (2007) / Newmont (2010) 

GTC15-231 145 100.75 33.61° 70.22 32.27° 7.46 CNI (2007) / Newmont (2010) 

GTC16-179* 261 98.49 n/a n/a 23.9° 3.01 CNI (2007) / Newmont (2010) 

GTC16-237* 261 103.22 n/a n/a 35.47° 1.91 CNI (2007) /Newmont (2010) 

Tmms GTC16-280* 261 104.5 n/a n/a 31.26° 5.47 CNI (2007) / Newmont (2010) 

Tmt 
GTC15-294 145 103.9 27.75° 58.73 18.16° 14.64 CNI (2007) / Newmont (2010) 

GTC16-347* 261 111.0 n/a n/a 32.69 4.86 CNI (2007) / Newmont (2010) 

Tgvs 
GTC15-336 145 111.15 33.27° 64.95 30.32° 5.69 CNI (2007) / Newmont (2010) 

GTC16-486* 261 103.0 n/a n/a 31.98° 5.25 CNI (2007) Newmont (2010) 

Tllt 
GTC15-387 145 99.4 30.52° 10.38 13.73° 1.15 CNI (2007) / Newmont (2010) 

GTC15-447 145 107.8 11.42° 40.65 12.41° 6.54 CNI (2007) / Newmont (2010) 

Tbt 

GTC15-481 145 118.2 21.65° 34.64 11.73° 2.39 CNI (2007) / Newmont (2010) 

GTC16-628* 261 121.57 n/a n/a 27.35° 2.29 CNI (2007) / Newmont (2010) 

GTC16-667 261 110.3 n/a n/a 13.18° 4.24 CNI (2007) / Newmont (2010) 

Tbrc GTC15-531 145 107.51 21.66° 12.39 7.79° 4.85 CNI (2007) / Newmont (2010) 

Bedrock GTC-63-0603 95 126.0 n/a n/a 25.35° 3.67 CNI (2011) 
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6.6 Cross Section E-E’  

Cross Section E-E’ (CS E-E’) was constructed along Section Line E-E’ (Figure 6.11), 

approximately perpendicular to the pit slope and oriented such that it would intersect the area 

between the Phase 4 – North failure zone (north of Section Line E-E’) and the October 14
th

, 2009 

failure zone (south of Section Line E-E’).  The location and orientation of Section Line E-E’ was 

also chosen for the relatively good distribution of drill holes along this particular section line. 

  
Figure 6.11  Map showing location of Section Line E-E’. 
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 The constructed CS E-E’ is shown in Figure 6.12 with recent and pre-failure pit profiles 

along with the ranges of engineering properties that were developed for Carlin Formation sub-

units.  Although there hasn’t been a recent instability/failure along this particular section line, it 

can be seen that significant amount of Carlin Formation material has been removed likely due to 

remediation of nearby failure zones and pit development.  The drill holes used in the construction 

of CS E-E’ are listed in Table 6.13, along with comments regarding how sub-unit contacts were 

defined using the available logging information.  Of the drill holes along Section Line E-E’, only 

GTC-69 and GTC-70 were not included in CS E-E’.  The non-vertically drilled GTC-69 was not 

used due to its proximity to the vertically drilled GTC-68 which was used instead, while GTC-70 

was not used since it would have overlapped with GTC-13, which is essentially on Section Line 

E-E’. 

Table 6.13  Summary of comments for drill holes used in Cross Section E-E’. 

Hole ID Comments 

GTC-13 

Minimal interpretation of sub units in original log.  Unit contacts shown 

in cross sections are based on logging descriptions and 5 photographs 

showing ~ 3 feet of core. 

GTC-14 

Minimal interpretation of sub units in original log.  Unit contacts shown 

in cross section are based on logging descriptions and slightly on 

photographs of core (low to moderate quality). 

GTC-68 Drill hole shown with original sub-unit contacts from digitized log. 

QCP-65 
Drill hole shown with original sub-unit contacts from log except for Qal 

being incorporated into “Tuss”. 

QCP-66 
Drill hole shown with original sub-unit contacts from log except for Qal 

being incorporated into “Tuss”. 

QCP-79 

Only Tuss, Tllt, and Tbt units previously defined in log.  Unit contacts 

shown in cross sections are based on rock types and descriptions 

provided in log. 

QCP-84 Drill hole shown with original sub-unit contacts from log. 

LK-83 
Only Tuss, Tllt, and Tbt previously interpreted in log.  Tllt reinterpreted 

as Tut and Tbt reinterpreted as Tmt. 
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Figure 6.12  Cross Section E-E’ with recent and pre-failure pit profiles. 
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6.6.1 Engineering properties for Cross Section E-E’ 

 After the construction of CS E-E’, the available strength testing data along Section Line 

E-E’ was compiled and correlated to specific Carlin Formation sub-units.  Only strength testing 

data from samples relatively close to Section Line E-E’ and that could be confidently be 

correlated to Carlin Formation sub-units was included in this data set. 

 Based on the available testing data, ranges for engineering properties were developed for 

CS E-E’ as shown in Table 6.14.  Ranges for the Tut, Tmms, Tmt, Tllt, and Tlgs units are not 

reported due to lack of testing data for these units, while no engineering properties are not 

reported for the Tcm and Tggvl units due to these units not being interpreted in the drill logs 

used to construct CS E-E’.  The complete data set can be found in Table 6.15, where samples 

have been grouped together according to the Carlin Formation sub-unit each sample was 

correlated to in CS E-E’. 

Table 6.14  Ranges for engineering properties developed for Cross Section E-E’. 

Unit 

Unit 

Weight 

(pcf) 

Peak Direct Shear 

Strength 

Residual Direct 

Shear Strength 

Number of Test 

Samples 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 
Peak Residual 

“Tuss” 95.2 21.4° 83.9 10.7° 4.7 1 1 

Tut -------------- --------------- -------------- -------------- -------------- No Test Samples 

Tmms -------------- --------------- -------------- -------------- -------------- No Test Samples 

Tmt -------------- --------------- -------------- -------------- -------------- No Test Samples 

Tgvs 113.9 34.3° 11.3 35.8° 3.9 1 1 

Tcm n/a n/a n/a n/a n/a Not Interpreted in CS 

Tllt -------------- --------------- -------------- -------------- -------------- No Test Samples 

Tlgs -------------- --------------- -------------- -------------- -------------- No Test Samples 

Tbt 111 – 113 n/a n/a 6° – 10°  2 – 9 0 3 

Tbrc 109 – 111 12° – 20° 31 – 70 7° – 8° 7 – 8 2 2 

Tggvl -------------- --------------- -------------- --------------- -------------- Not interpreted in CS 
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Table 6.15  Data set of strength testing data available along Section Line E-E’ (SL E-E’). 

Inferred 

Carlin Fm. 

Sub-unit 
 

Sample 

ID 

Approx. 

Distance 

from 

SL E-E’ 

(ft) 

Unit 

Weight 

(pcf) 

Peak Direct Shear 

Strength 

Residual Direct Shear 

Strength 

Reference Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

“Tuss” GTC14A-200 2 95.21 21.43° 83.90 10.71° 4.68 CNI (2006a and 2006b) 

Tgvs GTC13-329 0 113.99 34.31 11.31 35.84 3.89 CNI (2006a and 2006b) 

Tbt 

 

GTC-68-386 8 112.1 n/a n/a 6.91 5.21 CNI (2011) 

GTC-69-464 8 110.91 n/a n/a 6.35 9.02 CNI (2011) 

GTC-70-213 160 113.0 n/a n/a 9.61 2.08 CNI (2011) 

Tbrc 

 

GTC14A-605 2 110.67  19.77° 69.91 7.56° 8.27 CNI (2006a and 2006b) 

GTC14A-609 2 109.18  12.28° 30.58 7.48° 7.64  CNI (2006a and 2006b) 

Bedrock GTC13-658 0 141.42 16.05 20.15 10.52 3.15 CNI (2006a and 2006b) 
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6.7 Cross Section F-F’  

Cross Section F-F’ (CS F-F’) was constructed along Section Line F-F’ (Figure 6.13), 

approximately perpendicular to the pit slope and oriented such that it would intersect the October 

14
th

, 2009 failure zone.  Due to the irregular deformation style of the October 14
th

, 2009 failure, 

the main toe of the slide was located in the northwestern part of the outlined failure zone, while 

the main head scarp was located in the southeastern part of the outlined failure zone.  As a result 

it was decided to intersect this failure zone with two section lines.  Section Line F-F’, discussed 

in this section, intersects the main toe of the failure mass, while Section Line G-G’, discussed in 

the following section, intersects the main head scarp of the failure zone. 

 
Figure 6.13  Map showing location of Section Line F-F’. 



73 
 

The constructed CS F-F’ is shown in Figure 6.14 with recent and pre-failure pit profiles 

along with the ranges of engineering properties that were developed for Carlin Formation sub-

units.  The drill holes used in the construction of CS F-F’ are listed in Table 6.16, along with 

comments regarding how sub-unit contacts were defined using the available logging information.  

Most drill holes along Section Line F-F’ were included in CS F-F’ except for drill holes GTC-56, 

GTC-57, and GTC-59 due to their proximity to GTC-58 where sub-unit contacts were more 

readily identifiable.  As discussed for prior cross sections, there was a significant decrease in the 

amount of detail provided in logging descriptions for drill holes east of the Crusher fault which 

resulted in decreased confidence in defining sub-units in drill holes from this area.  This is 

indicated by a large arrow pointing away from the pit slope to the right of the Crusher Fault. 

Table 6.16  Summary of comments for drill holes used in Cross Section F-F’. 

Hole ID Comments 

GTC-11 

Some interpretation of sub-units in original log.  Unit contacts shown in 

cross sections are based logging descriptions and partially on previous 

interpretations.  The 3 available photographs were also reviewed for 

verification logging descriptions. 

GTC-12 

Some interpretation of sub units in original log.  Unit contacts shown in 

cross sections are based on logging descriptions and partially on 

previous interpretations. 

GTC-58 

Only Tuss unit previously defined in digitized log.  Unit contacts shown 

in cross sections based on descriptions from original logging 

descriptions and photographs of core. 

GTC-97 Drill hole shown with original sub-units defined in digital log. 

QCP-63 
Drill hole shown with sub-units defined in original log except for Qal 

being incorporated into “Tuss”. 

QCP-64 
Drill hole shown with original sub-unit interpretations from log except 

for Qal being incorporated into “Tuss”. 

QCP-89 
Drill hole shown with original sub-unit interpretation from logs except 

for changing the Tgvs unit below Tbt unit into Tbrc. 

LK-81 Drill hole shown with original sub-unit interpretations from log. 
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Figure 6.14  Cross Section F-F’ with recent and pre-failure pit profiles. 
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6.7.1 Engineering Properties for Cross Section F-F’ 

 After the construction of CS F-F’, the available strength testing data along Section Line 

F-F’ was compiled and correlated to specific Carlin Formation sub-units.  Only strength testing 

data from samples relatively close to Section Line F-F’ that could confidently be correlated to 

specific Carlin Formation sub-units was included in this data set. 

 Based on the available testing data, ranges for engineering properties for the Carlin 

Formation sub-units were then developed as shown in Table 6.17.  However due to the limited 

amount of data along Section Line F-F’, ranges could only be developed for the Tlgs and Tbt 

units.  No ranges are reported for the Tggvl unit since this unit was not interpreted in CS F-F’.  

The complete data set can be found in Table 6.18, where samples have been grouped according 

to the Carlin Formation sub-unit each sample was correlated to in CS F-F’. 

Table 6.17  Ranges for engineering properties developed for Cross Section F-F’. 

Unit 

Unit 

Weight 

(pcf) 

Peak Direct Shear 

Strength 

Residual Direct Shear 

Strength 

Number of Test 

Samples 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 
Peak Residual 

“Tuss” -------------- ------------------ -------------- ----------------- -------------- No Test Samples 

Tut -------------- ------------------ -------------- ----------------- -------------- No Test Samples 

Tmms -------------- ------------------ -------------- ----------------- -------------- No Test Samples 

Tmt -------------- ------------------ -------------- ----------------- -------------- No Test Samples 

Tgvs -------------- ------------------ -------------- ----------------- -------------- No Test Samples 

Tcm -------------- ------------------ -------------- ----------------- -------------- No Test Samples 

Tllt -------------- ------------------ -------------- ----------------- -------------- No Test Samples 

Tlgs 113.6 34.0° 127.2 26.9° 26.3 1 1 

Tbt 98 - 118 19.9° 54.5 5 – 11° 5 - 12 1 3 

Tbrc -------------- ------------------ -------------- ----------------- -------------- No Test Samples 

Tggvl -------------- ------------------ -------------- ----------------- -------------- Not Interpreted in CS 
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Table 6.18  Data set of strength testing data available along Section Line F-F’ (SL F-F’). 

Inferred 

Carlin Fm. 

Sub-unit 

Sample 

ID 

Approx. 

Distance 

from 

SL F-F’ 

(ft) 

Unit Weight 

(pcf) 

Peak Direct Shear 

Strength 

Residual Direct 

Shear Strength 

Reference Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesio

n 

(psi) 

“Tuss” GTC-97-376 (?) 355 87.1 n/a n/a 27.07 2.73 CNI (2012) 

Tlgs GTC11-463 230 113.55 34.03 127.24 26.91 26.25 CNI (2006a and 2006b) 

Tbt  

GTC11-474 230 97.9 19.85 54.47 11.24 12.04 CNI (2006a and 2006b) 

GTC-57-395 155 117.5 n/a n/a 5.36 5.62 CNI (2011) 

GTC-71-495 357 110.91 n/a n/a 5.99 5.34 CNI (2011) 

GTC-97-555 (?) 355 99.1 (dry) n/a n/a 15.87 5.83 CNI (2012) 

GTC-97-685 (?) 355 103.9 n/a n/a 10.43 5.90 CNI (2012) 

GTC-97-799 (?) 355 126 n/a n/a 17.17 4.23 CNI (2012) 
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6.8 Cross Section G-G’ 

Cross Section G-G’ (CS G-G’) was constructed along Section Line G-G’ (Figure 6.15), 

approximately perpendicular to the pit slope and oriented such that it would intersect the October 

14
th

, 2009 failure zone.  As discussed in Section 6.7, it was decided to intersect this particular 

failure zone with two section lines due to the irregular deformation style of this particular failure 

event.  Section Line G-G’ was oriented such that it would intersect the main head scarp of the 

failure zone. 

 
Figure 6.15  Map showing location of Section Line G-G’. 
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 The constructed CS G-G’ is shown in Figure 6.16 with recent and pre-failure pit profiles 

along with the ranges of engineering properties that were developed for Carlin Formation sub-

units.  The drill holes used in the construction of CS G-G’ are listed in Table 6.19, along with 

comments regarding how sub-unit contacts were defined using the available logging information.  

Drill hole GTC-09 was not included in CS G-G’ due to the drill log for this hole having been lost 

in recent years (Sheets, 2012).  GTC-60, GTC-64, and QCP-107 were not included due to their 

proximity to QCP-86 whose logging descriptions were more consistent with other drill holes 

used in CS G-G’.   

 As in previously discussed sections, there was a significant decrease in detail provided in 

logs for drill holes east of the Crusher Fault which resulted in decreased confidence in defining 

sub-units for this part of the pit.  This is indicated on CS G-G’ by a large arrow pointing away 

from the pit slope to the right of the Crusher Fault. 

Table 6.19  Summary of comments for drill holes used in Cross Section G-G’. 

Hole ID Comments 

GTC-10 

Minimal interpretation of sub-units in original log.  Unit contacts shown cross 

section are based on logging descriptions and slightly on photographs of core 

(only 9 photos available of varying quality). 

GTC-55 

No sub-units previously defined in digitized log.  Unit contacts shown in cross 

section are based on rock types provided in log and photographs of core.  Log 

with original descriptions was also reviewed to verify rock types. 

QCP-61 
Drill hole shown with original sub-unit interpretations except for Qal being 

incorporated into “Tuss”. 

QCP-76 
Only Tuss, Tllt, and Tbt units previously defined.  Unit contacts show in cross 

section are based on rock types and logging descriptions provided in log. 

QCP-86 
No sub-units previously defined.  Unit contacts shown in cross section based on 

rock types and logging descriptions provided in log. 



79 
 

 
Figure 6.16  Cross Section G-G’ with recent and pre-failure pit-profiles. 
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6.8.1 Engineering properties for Cross Section G-G’ 

 After the construction of CS G-G’, the available strength testing data along Section Line 

G-G’ was compiled and correlated to specific Carlin Formation sub-units.  Only strength testing 

data from samples relatively close to Section Line G-G’ that could confidently be correlated to 

Carlin Formation sub-units was included in this data set. 

 Based on the available testing data, ranges for engineering properties for the Carlin 

Formation sub-units were then developed as shown in Table 6.20.  Ranges for the Tmms and 

Tcm units are not reported due to lack of testing data for these units, while no ranges are reported 

for the Tllt, Tlgs, and Tggvl units since these units were not interpreted along Section Line G-G’.  

The complete data set can be found in Table 6.21, where samples have been grouped together 

according to the Carlin Formation sub-unit each sample was correlated to in CS G-G’. 

Table 6.20  Ranges for engineering properties developed for Cross Section G-G’.  

Unit 

Unit 

Weight 

(pcf) 

Peak Direct Shear 

Strength 

Residual Direct Shear 

Strength 

Number of Test 

Samples 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 
Peak Residual 

“Tuss” 109.5 26.0° 12.0 26.7° 4.7 1 1 

Tut 100 - 101 20° – 21° 16 – 18 8° – 10° 4 – 7 2 2 

Tmms ----------- ------------- ------------- --------------- ------------- No Test Samples 

Tmt 85 - 109 n/a n/a 10 - 32° 2 – 5 0 3 

Tgvs 114.6 25.5° 35.4 17.4° 10.1 1 1 

Tcm ----------- ------------- ------------- --------------- ------------- No Test Samples 

Tllt ----------- ------------- ------------- --------------- ------------- Not Interpreted in CS 

Tlgs ----------- ------------- ------------- --------------- ------------- Not Interpreted in CS 

Tbt 97 -108 23.8° 58.3 15° - 20° 7 – 27 1 2 

Tbrc 90 - 118 15° - 48° 2 - 99 5° – 20° 0.5 – 13 3 5 

Tggvl ----------- ------------- ------------- --------------- ------------- Not Interpreted in CS 

 

 



81 
 

Table 6.21  Data set of strength testing data available along Section Line G-G’. 

Inferred Carlin 

Fm. Sub-unit 
Sample ID 

Approx. 

Distance 

from 

SL G-G 

(ft) 

Unit Weight 

(pcf) 

Peak Direct Shear 

Strength 

Residual Direct Shear 

Strength 

Reference Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

“Tuss” 
GTC18-081 237 109.48 25.96 11.95 26.71 4.68 CNI (2007) / Newmont (2010) 

GTC-90-0354 (?) 493 81.8 n/a n/a 32.0 4.95 CNI (2012) 

Tut 
GTC18-150 237 101.38 20.03 17.6 7.69 3.6 CNI (2007) / Newmont (2010) 

GTC-18-151 237 100.8 20.96 15.99 9.79 6.88 CNI (2007) / Newmont (2010) 

Tmt 

GTC18-252 237 108.55 n/a n/a 10.29 2.19 CNI (2007) / Newmont (2010) 

GTC-89-0285 492 84.6 n/a n/a 19.09 5.18 CNI (2012) 

GTC-89-0332 492 90.02 n/a n/a 32.03 2.72 CNI (2012) 

Tgvs GTC10-321 170 114.57 25.47 35.41 17.36 10.06 CNI (2006a and 2006b) 

Tbt 

GTC9-499 (?) 177 95.64 11.55 28.3 8.09 5.83 CNI (2006a and 2006b) 

GTC18-327 237 108.08 23.81 58.34 15.28 6.87 CNI (2007) / Newmont (2010) 

GTC-60-282 68 96.92 n/a n/a 20.07 27.34 CNI (2011) 

GTC-90-0529 (?) 493 117.0 n/a n/a 6.24 7.29 CNI (2012) 

Tbrc 

GTC10-412 170 105.21 21.57 1.67 13.86 3.09 CNI (2006a and 2006b) 

GTC10-448 170 117.71 14.83 13.40 5.18 3.77 CNI (2006a and 2006b) 

GTC18-387 237 114.8 48.17 99.29 20.43 13.09 CNI (2007) / Newmont (2010) 

GTC-64-307 71 103.98 n/a n/a 17.9 0.46 CNI (2011) 

GTC-89-0426 492 89.9 n/a n/a 14.98 10.53 CNI (2012) 

Bedrock 
GTC18-476 237 127.97 15.84 20.73 11.77 4.35 CNI (2007) / Newmont (2010) 

GTC-90-0770 (?) 493 162.4 n/a n/a 11.99 4.28 CNI (2012) 
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6.9 Cross Section H-H’  

Cross Section H-H’ (CS H-H’) was constructed along Section Line H-H’ (Figure 6.17), 

approximately perpendicular to the pit slope and oriented such that it would intersect an area 

with a high density of drill holes along the section line for this part of the pit.  Since there had not 

been any recent large failures/instabilities for this part of the pit at the time this project was being 

completed, Cross Section H-H’ was only constructed using a recent pit slope profile. 

 
Figure 6.17  Map showing location of Section Line H-H’. 
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The constructed CS H-H’ is shown in Figure 6.18 with a recent pit profile along with the 

ranges of engineering properties that were developed for Carlin Formation sub-units.  Due to 

lack of drill holes past the Crusher Fault (Figure 6.17), no interpretations could be made for that 

part the study area. The drill holes used in the construction of CS H-H’ are listed in Table 6.22, 

along with comments regarding how sub-unit contacts were defined in each drill hole.  As a 

result of the large number of drill holes along Section Line H-H’, numerous combinations of drill 

holes were tested in order to evaluate which combination would allow for the most consistent 

correlation of sub-units, from drill hole to drill hole, along the section line.  The combination that 

worked best consisted mainly of QCP hydrogeology drill holes, as shown in CS H-H’, since the 

logging descriptions and prior interpretations provided in logs for these drill holes were generally 

consistent with one another. 

Table 6.22  Summary of comments for drill holes used in Cross Section H-H’. 

Hole ID Comments 

GTC-99 
No sub-units previously defined.  Unit contacts shown in cross section 

are based on logging descriptions.  No photographs of core available. 

GTC-104 
No sub-units previously defined.  Unit contacts shown in cross section 

are based on logging descriptions.  No photographs core available. 

QCP-53 
Drill hole shown with original sub-unit interpretations from log except 

for Qal being incorporated into “Tuss”. 

QCP-57 
Drill hole shown with original sub-unit interpretations from log except 

for Qal being incorporated into “Tuss”. 

QCP-96 
Only Tuss and Tbt units previously defined.  Unit contacts shown in 

cross section are based on descriptions provided in log 

QCP-99 
Previously only Tuss, Tllt, and Tbt units defined.  Unit contacts shown 

in cross section are based on descriptions provided in log. 
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Figure 6.18  Cross Section H-H’ with recent pit profile. 
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6.9.1 Engineering Properties for Cross Section H-H’ 

After the construction of CS H-H’, the available strength testing data along Section Line 

H-H’ was compiled and correlated to specific Carlin Formation sub-units.  Only strength testing 

data from samples relatively close to Section Line H-H’ that could confidently be correlated to 

Carlin Formation sub-units was included in this data set. 

Based on the available testing data, ranges for engineering properties for Carlin 

Formation sub-units were then developed for CS H-H’ as shown in Table 6.23.  Ranges for the 

“Tuss”, Tmt, Tgvs, Tcm, and Tlgs units are not reported due to lack to testing data for these units 

along Section Line H-H’, while no ranges are reported for the Tggvl unit due to this unit not 

being interpreted in CS H-H’.  The complete data set can be found in Table 6.24 where samples 

have been grouped according the Carlin Formation sub-unit each sample was correlated to in CS 

H-H’. 

Table 6.23  Ranges for engineering properties developed for Cross Section H-H’. 

Unit 
Unit Weight 

(pcf) 

Peak Direct Shear 

Strength 

Residual Direct Shear 

Strength 

Number of Test 

Samples 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 
Peak 

Residua

l 

“Tuss” ---------------- ------------- ------------- ------------- -------------- No Test Samples 

Tut 98.1 24.3° 40.2 13.0° 3.9 1 1 

Tmms 98.3 n/a n/a 32.5° 2.9 0 1 

Tmt ---------------- ------------- ------------- ------------- -------------- No Test Samples 

Tgvs ---------------- ------------- ------------- ------------- -------------- No Test Samples 

Tcm ---------------- ------------- ------------- ------------- -------------- No Test Samples 

Tllt 102.4 n/a n/a 10.2° 5.6 0 1 

Tlgs ---------------- ------------- ------------- ------------- -------------- No Test Samples 

Tbt 106 – 116 22° – 34° 16 – 74 4° – 31° 3 – 14 2 3 

Tbrc 114 – 146 n/a n/a 14°– 22° 4 – 6 0 2 

Tggvl ---------------- ------------- ------------- ------------- -------------- 
Not Interpreted in 

CS 
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 Table 6.24  Data set of strength testing data available along Section Line H-H’ (SL H-H’). 

Inferred 

Carlin Fm. 

Sub-unit 

Sample 

ID 

Approx. 

Distance 

from 

SL H-H’ 

(ft) 

Unit Weight 

(pcf) 

Peak Direct Shear 

Strength 

Residual Direct 

Shear Strength 

Reference Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Tut GTC3-186 20 98.13 24.26 40.16 13.01 3.92 CNI (2006a and 2006b) 

Tmms GTC-99-0203 102 98.3 n/a n/a 32.45 2.91 CNI (2013) 

Tllt GTC-99-0325 102 102.37 n/a n/a 10.21 5.62 CNI (2013) 

Tbt 

GTC3-417 20 105.97 21.86 16.24 6.85 12.31 CNI (2006 and 2006b) 

GTC3-477 20 116.15 33.61 73.88 4.04 13.67 CNI (2006a and 2006b) 

GTC5-567 (?) 144 104.03 32.87 37.23 25.44 9.20 CNI (2006 and 2007) 

GTC-92-0561 92 110.19 n/a n/a 30.81 3.26 CNI (2012) 

Tbrc 
GTC-91-0662 109 145.8 n/a n/a 21.82 4.74 CNI (2012) 

GTC-92-0610 92 114.0 n/a n/a 14.24 6.4 CNI (2012) 
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6.10 Cross Section I-I’  

Cross Section I-I’ (CS I-I’) was constructed along Section Line I-I’ (Figure 6.19), 

approximately perpendicular to the pit slope and oriented such that it would intersect the graben 

formed by the Hewettite Fault and K-9 Fault(s).  Since there had not been any recent large 

instabilities/failures for this part of the pit at the time this project was being completed, Cross 

Section I-I’ was constructed only with a recent pit slope profile. 

 
Figure 6.19  Map showing location of Section Line I-I’. 
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The constructed CS I-I’ is shown in Figure 6.20 with a recent pit profile along with the 

ranges of engineering properties that were developed for Carlin Formation sub-units.  The drill 

holes used in the construction of CS I-I’ are listed in Table 6.25, along with comments regarding 

how sub-unit contacts were defined using the available logging information.  As shown in CS I-

I’, the combination of drill holes that worked best for correlating sub-units from drill hole to drill 

hole along Section Line I-I’ consisted exclusively of hydrogeological drill holes (both LK and 

QCP drill holes).  In general, logging descriptions and prior interpretations provided in logs for 

these drill holes were typically more consistent with one another than with logging descriptions 

from geotechnical drill holes.  However, logging descriptions from geotechnical drill holes were 

used in order to correlate testing data to specific Carlin Formation sub-units as discussed in the 

following section. 

Table 6.25  Summary of comments for drill holes used in Cross Section I-I’. 

Hole ID Comments 

QCP-56 
Drill hole shown with original sub-unit contacts except for Qal being 

changed into “Tuss”. 

QCP-73 
Only Tbt unit previously defined.  Unit contacts shown in cross 

section are based on descriptions provided in log. 

QCP-111 

Drill hole shown with original sub-unit interpretations except for Tlgs 

being added between Tllt and Tbt based on logging descriptions for 

that interval. 

LK-40 

Some previous interpretation of sub-units in log.  Drill hole shown 

with reinterpretation of some of those contacts based on rock types 

provided in log. 

LK-70 

Drill hole shown with original sub-unit interpretations except for Qcol 

being changed to “Tuss”.  The Tmms and Tmt contact was also 

slightly modified. 
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Figure 6.20  Cross Section I-I’ with recent pit profile. 
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6.10.1 Engineering Properties for Cross Section I-I’ 

 After the construction of CS I-I’, the available strength testing data along Section Line I-

I’ was compiled and correlated to specific Carlin Formation sub-units.  Only strength testing data 

from samples relatively close to Section Line I-I’ that could confidently be correlated to specific 

Carlin Formation sub-units was included in this data set. 

 Based on the available strength testing data, ranges for engineering properties for Carlin 

Formation sub-units were then developed as shown in Table 6.26.  Ranges for the “Tuss”, Tut, 

Tmms, Tcm, and Tllt units are not reported due to lack of testing data for these units along 

Section Line I-I’.  The complete data set can be found in Table 6.27, where samples have been 

grouped according to the Carlin Formation sub-unit each sample was correlated to in CS I-I’ 

Table 6.26  Ranges for engineering properties developed for Cross Section I-I’. 

Unit 

Unit 

Weight 

(pcf) 

Peak Direct Shear 

Strength 

Residual Direct Shear 

Strength 

Number of 

Test Samples 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 
Peak Residual 

“Tuss” ----------------- ----------------- -------------- ----------------- --------------- No Test Samples 

Tut ----------------- ----------------- -------------- ----------------- --------------- No Test Samples 

Tmms ----------------- ----------------- -------------- ----------------- -------------- No Test Samples 

Tmt 78 – 100 n/a n/a 26° – 32° 2 – 3 0 1 

Tgvs 90.3 n/a n/a 30.7° 4.6 0 1 

Tcm ----------------- ----------------- -------------- ----------------- --------------- No Test Samples 

Tllt ----------------- ----------------- -------------- ----------------- --------------- No Test Samples 

Tlgs 63.4 n/a n/a 32.8 2.21 0 1 

Tbt 103.1 n/a n/a 7.3 4.1 0 1 

Tbrc 102 - 112 n/a n/a 8 – 16 6 -7 0 2 

Tggvl 105 n/a n/a 5.5 9.9 0 1 
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Table 6.27  Data set of strength testing data available along Section Line I-I’ (SL I-I’). 

Inferred 

Carlin Fm. 

Sub-unit 

 

Sample 

ID 

Approx. 

Distance 

from 

SL I-I’ 

(ft.) 

Unit 

Weight 

(pcf) 

Peak Direct Shear 

Strength 

Residual Direct Shear 

Strength 

Reference Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

 

Tmt 

 

GTC-93-0282 76 78.1 n/a n/a 31.9° 2.22 CNI (2012) 

GTC-95-0355 608 99.6 n/a n/a 25.69° 2.62 CNI (2012) 

Tgvs GTC-101-0125 617 90.3 n/a n/a 30.68° 4.63 CNI (2013) 

Tlgs GTC-94-0414 85 63.4 n/a n/a 32.8° 2.21 CNI (2012) 

Tbt GTC-101-0248 617 103.1 n/a n/a 7.29° 4.12 CNI (2013) 

 

Tbrc 

 

GTC-94-0541 85 102.5 n/a n/a 15.8° 6.29 CNI (2012) 

GTC-98-0428 550 112.1 n/a n/a 8.04° 7.37 CNI (2013) 

Tggvl GTC-103-0240 175 105.0 n/a n/a 5.53° 9.91 CNI (2013) 
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CHAPTER 7 

QUALITATIVE ASSESSMENT USING RECENT SLOPE FAILURES 

 The following chapter presents a qualitative assessment of the constructed model using 

recent major instabilities/failures at Gold Quarry including:  (1) the Phase 4 – North failure, (2) 

the October 14
th

, 2009 failure, and (3) the Nine Points failure(s).  The qualitative assessment of 

the model consisted of interpreting shear surfaces in cross sections that intersected these 

instabilities and evaluating whether there were any correlations between the location of shear 

surfaces and the presence of specific Carlin Formation sub-units.  Strength parameters presented 

in Chapter 6 are also discussed. 

7.1 Interpretation of Shear Surfaces 

The shear surfaces shown in the following figures were inferred using the available 

topographic maps and connecting the main head scarp to the surface of rupture at the toe for each 

failure as identified on pit profiles. Due to lack of post-failure drilling, except for the December 

24
th

, 2009 Nine Points failure event, it was not possibly to verify the depth to and geometry of 

shear surfaces for the events listed above.  For cross sections showing post-failure conditions, 

thick dashed lines were used to illustrate interpreted shear surfaces while various patterns were 

used to differentiate failure mass material from intact Carlin Formation.   

In order to best illustrate the sub-units involved in the failures, failure mass material is 

shown as intact but should be considered disturbed.  As the following was not intended to be a 

thorough slope stability analysis, groundwater conditions will only be discussed in terms of 

general observations reported in the literature.  The term “base of failure” refers to the portion of 

the failure zones where the inferred shear surfaces become near-horizontal.   
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7.2 Strength Parameters 

Discussion of strength parameters in this chapter is limited to residual friction angle (ϕr) 

and residual cohesion (cr). This is due to most of the available testing data being for residual 

strength and previous work reporting that slope instabilities within the Carlin Formation tend to 

occur at or near residual strength (Sheets, 2013).  Although slope stability may be influenced by 

numerous factors (such as groundwater conditions, strength of geological materials, and loading 

conditions at the head and/or toe of the slope), there would be a greater expectation of failure 

through sub-units with lower values for residual friction angle and residual cohesion rather than 

sub-units with higher values for the same strength parameters.  Hence, by comparing these 

residual strength parameters between sub-units, it was possible to make a first-order assessment 

of model regarding its capability of predicting the location of shear surfaces.  Comparison of 

residual friction angle values was emphasized since there were often not significant differences 

in residual cohesion values between sub-units.  For reference, cross sections include a summary 

of engineering properties where the abbreviations NS and NI stand for No Samples and Not 

Interpreted in Cross Section, respectively. 

Due to numerous factors, such as section line location and infrequent interpretation of the 

Clayey Silts (Tcm) unit in drill logs, none of the available testing data along section lines was 

correlated to this specific unit.  This is consistent with previous work where the Tcm unit has 

been reported as being absent in many drill holes (Golder, 2002).  Nevertheless, this unit should 

not be overlooked due to frequent mention in the literature about this unit being problematic 

based on past pit slope performance (Golder, 2002 and Kuiper, 1998).  Kuiper (1998) reports 

residual strength parameters for this unit as 19 degrees for residual friction angle and 0 psi for 

residual cohesion, while Golder (2002) reports values of 10 and 15 degrees for residual friction 
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angle both with 0 psi for residual cohesion but indicates that there is some uncertainty about the 

origin of these values.  However, back analysis also presented in Golder (2002), suggests that the 

Tcm unit may have peak strength parameters as low as 6 degrees for peak friction angle and 0 psi 

for peak cohesion for some parts of the pit. 

7.3 Phase 4 – North Failure 

As discussed in Chapter 6, Section Line D-D’ was oriented such that it would intersect 

the Phase 4 – North failure zone that became unstable in the early days of July 2007 and 

eventually failed on July 19
th

, 2007.  Figure 7.1 shows the Phase 4 - North failure zone prior to 

failure on July 1
st
, 2007 (Figure 7.1A) and after failure on August 1

st
, 2007 (Figure 7.1B).  Figure 

7.2 shows Cross Section D-D’ with the pre-failure profile and illustrates that from January 1
st
, 

2007 to July 1
st
, 2007, the pit slope remained relatively unchanged for the lower Carlin 

Formation units up until the Middle Tuff (Tmt) unit; slightly above an elevation of 5150 feet. 

 
                                        (a)                                                                      (b)                                    

Figure 7.1  Topographic maps showing Phase 4 – North failure zone (a) prior to failure on July 

1
st
, 2007 and (b) after failure on August 1

st
 , 2007.  Gray-Tuff Fault is approximate Carlin 

Formation/Bedrock contact. 
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Figure 7.2  Cross Section D-D’ with pre-failure pit profile on July 1

st
, 2007 (green line) and pit 

profile from earlier that year on January 31
st
, 2007 (black dashed line). 

 

 Figure 7.3 shows Cross Section D-D’ with the post failure profile and the interpreted 

shear surface.  Considering the difference between the pre-failure and post failure pit profiles, it 

appears that additional Carlin Formation, Tmt and “Upper Silts and Sands” (“Tuss”) material, 

was removed around the 5150 foot elevation prior to failure.  Due to lack of post failure drilling, 

the exact failure depth and geometry of the failure zone could not be verified.  However, 

inferring a simplified rotational failure surface and connecting the main head scarp to the surface 

of rupture at the toe suggests that the base of the failure may have likely occurred within the 

upper portion of the Tmt unit.  Ground water conditions following the failure were observed to 

be approximately 39-49 ft. (12-15 m) below the toe of the failure (Sheets, 2011). 

Review of the residual strength parameters provided in Figure 7.3 shows that for the three 

upper most units near the pit slope, the Tmt has the lowest possible value for residual friction 

angle, which is shown as 18 degrees, while the low end values for residual cohesion are not 
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significantly different from one another.  To be more specific, this residual friction angle value 

comes from the test sample shown within the Tmt unit in CS D-D’ labeled GTC-15-0294 (Table 

6.12).   Although many factors may influence the depth and location of a failure surface, this 

first-order application of the model shows that for this part of pit there appears to be a correlation 

between shear surface depth and the sub-unit with the lowest value for residual friction angle 

relative to other sub-units.   

 
Figure 7.3.  Cross Section D-D’ with post-failure pit profile on August 1

st
, 2007 (red line) and 

pre-failure pit profile (green dashed line).  Interpreted shear surface shown as black dashed line 

with failure mass shown within the stripped pattern. 

 

7.4 October 14
th

, 2009 Failure 

As discussed in Chapter 6, Section Lines F-F’ and G-G’ were oriented such that they 

would intersect the October 14
th

, 2009 failure zone (Figure 7.4 and Figure 7.5).  Slope 

deformation in this area reportedly exhibited signs of acceleration in late July 2009 (Sheets, 

2011), with the slope ultimately failing on October 14
th

, 2009.  Although mitigation consisting of 

re-sloping and localized unloading was performed after the detected slope deformation in late 
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July 2009, continued mining was reported to have resulted in additional movement (Sheets, 

2011).   

   
                                        (a)                                                                      (b)                                    

Figure 7.4  Topographic maps showing October 14
th

, 2009 failure zone on (a) July 1
st
, 2009 and 

(b) August 1
st
  2009 with no noticeable disturbance of contours.  

 

   
                                        (a)                                                                      (b)                                    

Figure 7.5  Topographic maps showing October 14
th

, 2009 failure zone on (a) September 7
th

, 

2009 and (b) October 1st, 2009. 
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In the available topographic maps from July 2009 to October 2009, contours for this part 

of the pit slope appear undisturbed and relatively unchanged until October 1
st
, 2009 (Figures 7.4 

and 7.5); likely due to ongoing mitigation and/or insufficient movement of the slope for there to 

be a topographic expression of the instability.  Although topographic expression of the instability 

could have been expressed prior to October 1
st
, 2009, topographic maps for this area were only 

available at one month intervals.  Complete failure of the slope is easily distinguishable in the 

November 1
st
, 2009 topographic map (Figure 7.6).  As a result, it was not possible to readily 

conclude whether failure of the slope occurred along a single shear surface or two separate shear 

surfaces.  The second scenario would suggest that the mitigation implemented in late July 2009 

may have been sufficient enough to prevent further movement along the original shear surface 

but may have resulted in the propagation of an additional shear surface.   

 
Figure 7.6  November 1

st
, 2009 topographic map showing October 14

th
, 2009 failure zone after 

complete failure slope. 
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The following sections examine these scenarios using Cross Sections F-F’ (CS F-F’) and 

G-G’ (CS G-G’).  Since it was not possible to readily evaluate whether this failure event 

occurred along a single or dual shear surface(s), different patterns were not used to differentiate 

between the failure masses among these two scenarios.  For all cross sections, failure mass 

material is shown as translucent while intact Carlin Formation is shown in full color.   

7.4.1 Cross Section F-F’ 

 Figure 7.7 shows CS F-F’ with the July 1
st
, 2009 pit profile; prior to the detected the 

slope deformation in late July 2009.  Figure 7.8 shows CS F-F’ with the October 1
st
, 2009 pit 

profile which is when slope deformation is first noticeable but prior to complete failure.  If a 

shear surface (Shear Surface 1) is inferred at this point by connecting the main head scarp and 

the surface of rupture at the toe, as shown in Figure 7.8, the base of the failure would coincide 

with the location of the Clayey Silts (Tcm) unit.  

 
Figure 7.7  CS F-F’ with July 1

st
, 2009 pit profile (solid green line) prior to detected slope 

deformation.  January 1
st
, 2009 pit profile is also shown (dashed black line). 
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Figure 7.8  CS F-F’ with October 1

st
, 2009 pit profile (red solid line) prior to complete failure.  

Black dashed line indicates interpreted shear surface with failure mass shown as translucent.  

July 1
st
, 2009 (green dashed line) and September 7

th
, 2009 (pink dashed line) profiles also 

shown. 

 

 Figure 7.9 shows CS F-F’ with the pit profile after complete failure.  A second shear 

surface (Shear Surface 2) has been inferred in a similar manner as Shear Surface 1.  As shown in 

Figure 7.9, the shear surfaces overlap for most of their length; except for some noticeable 

deviation near the toe of the slope.  However, based on minimal changes in the upper portion of 

the slope between the October 1
st
, 2009 (prior to complete failure) and November 1

st
, 2009 (post-

failure) profiles, as well as minimal change in the head scarp location, possible buildup of debris 

after complete failure may have partially concealed the surface of rupture at the toe and led to 

interpreting this feature at a slightly lower elevation in Shear Surface 2 than in Shear Surface 1.   

Due to very limited testing data along Section Line F-F’, ranges for strength parameters 

for CS F-F’ are limited to the Lower Glassy Sand (Tlgs) and Basal Tuff (Tbt) units (Figure 7.9).  
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As a result, a comparison between the strength parameters of the Tcm unit and other units could 

not be done in order to evaluate whether for CS F-F’ the low end values for residual strength 

parameters correlated to the Tcm unit present at the base of the failure.  However, as discussed in 

Section 7.2, the Tcm unit has historically been considered a problematic unit at Gold Quarry.   

 
Figure 7.9  CS F-F’ with post-failure pit profile (solid black line).  Black dashed lines indicate 

interpreted shear surfaces with failure mass shown as translucent.  September 7
th

, 2009 (pink 

dashed line) and October 1
st
, 2009 (red dashed line) pit profiles also shown.   

 

7.4.2 Cross Section G-G’ 

 

 Figure 7.10 shows CS G-G’ with the July 1
st
, 2009 pit profile; prior to the detected slope 

deformation in late July 2009.  Figure 7.11 shows CS G-G’ with the October 1
st
, 2009 pit profile 

when slope deformation was first noticeable but prior to complete failure.  If a shear surface 

(Shear Surface 1) is inferred at this point (Figure 7.11), the base of the failure coincides with the 

Basal Reduced Clay (Tbrc) unit; in close proximity to the bedrock contact near the toe of the 

slope.  
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Figure 7.10  CS G-G’ with pre-failure pit profile on July 1

st
, 2009 (green line) and pit profile 

from earlier that year on January 1
st
, 2009 (black dashed line).   

 

 
Figure 7.11  CS G-G’ with October 1

st
, 2009 pit profile (red solid line) prior to complete failure.  

Black dashed line indicates interpreted shear surface with failure mass shown as translucent. July 

1
st
, 2009 (green dashed line) and September 7

th
, 2009 (pink dashed line) pit profiles also shown. 
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Inspection of the residual strength parameters shown in Figure 7.11 indicates that the 

Tbrc unit has the lowest possible values for both residual friction angle and residual cohesion 

along Section Line G-G’.  Moreover, the closest test samples to the pit slope within the Tbrc unit 

are shown as the following:  “GTC-18-387”, GTC-10-412, and GTC-10-448.  Considering that 

the base of the inferred shear surface is in close proximity to the Tbrc and bedrock contact, the 

GTC-10-448 test sample characteristics and engineering properties could be expected to be the 

most representative for the base of the failure.  Table 6.21 (page 81) shows that the residual 

strength parameters for this sample are 5.2 degrees for residual friction angle and 3.8 psi for 

residual cohesion, which coincides with the low end residual friction angle value for the Tbrc 

unit and for all other units for which testing data was available along Section Line G-G’.   

 
Figure 7.12  CS G-G’ with post-failure pit profile (solid black line).  Black dashed lines indicate 

interpreted shear surfaces with failure mass shown as translucent.  September 7
th

, 2009 (pink 

dashed line) and October 1
st
, 2009 (red dashed line) pit profiles also shown. 

 

Figure 7.12 shows CS G-G with the pit profile after complete failure.  A second shear 
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surface (Shear Surface 2) is also shown which was inferred in a similar manner as Shear Surface 

1.  In general, these shear surfaces overlap at lower elevations and near the toe of the slope but 

begin to deviate significantly further into the slope.  Furthermore, the base of both shear surfaces 

occur in close proximity to the bedrock contact within the Tbrc unit; which was previously 

discussed as having the lowest possible values for residual friction angle and residual cohesion 

along Section Line G-G’.  Based on these observations, it could be concluded that regardless of 

whether one or two shear surfaces are considered, there appears to be a correlation between the 

location of the base of the failure surface and the sub-unit with the lowest value for residual 

friction angle relative to other sub-units. 

7.5 Nine Points Failures 

The Nine Points failure zone experienced three major instabilities/failures consisting of: 

(1) the Midway slide (summer 2008 to March 2009), (2) the April 26
th

, 2009 failure, and (3) the 

December 24
th

, 2009 failure.  The following discusses these instabilities using Cross Section C-

C’ (CS C-C’), whose section line was oriented such that it would best intersect the December 

24
th

, 2009 failure zone due to this failure being the most recent and most destructive of the three 

instabilities (Figure 7.13).   

Additionally, although the literature indicates that the Midway slide began to exhibit 

signs of deformation in the summer of 2008, contours on the available topographic maps do not 

show signs of disturbance until the March 1
st
, 2009 topographic map.  This would coincide with 

reactivation of the Midway slide, which was reported to have occurred sometime in February 

2009 (Sheets et al., 2014b).  The lack of disturbed contours on the topographic maps prior to the 

March 1
st
, 2009 map can likely be attributed to the concurrent work that was being performed in 

the area in terms of mitigation of the slide as well as continued mining (Sheets, 2014).  As a 
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result, the following discussion will focus on the reactivation of the Midway slide and 

subsequent failure events. 

 
Figure 7.13  January 1

st
, 2010 topographic map showing Nine Points area and approximate 

extents of:  (1) Midway slide (dashed green line), (2) April 26
th

, 2009 failure (dashed magenta 

line), and December 24
th

, 2009 failure (dashed black line). 

 

7.5.1 Midway Slide (Reactivation) 

Figure 7.14 shows the Nine Points area prior to and after reactivation of the Midway 

Slide, while Figure 7.15 shows CS C-C’ with the pre-reactivation pit profile on February 1
st
, 

2009.  Carlin Formation removed prior to this date is shown as translucent.  For reference, pit 

profiles from January 1
st
, 2008 and June 1

st
, 2008 are also shown.  As stated in Chapter 6, drill 

holes GTC-78 and GTC-75 were included in the construction of CS C-C’ but are only shown 

with undisturbed material below the December 24
th

, 2009 shear zone.  
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                                       (a)                                                                  (b)                                         

Figure 7.14  Topographic maps showing Nine Points area prior to and after reactivation of the 

Midway slide on (a) February 1
st
, 2009 and (b) March 1

st
, 2009, respectively. 

 

 
Figure 7.15  Cross Section C-C’ with February 1

st
, 2009 pit profile (blue solid line) prior to 

reactivation of the Midway slide.  Pit profiles for January 1
st
, 2009 (black solid line) and June 1

st
, 

2008 (yellow solid line) are also shown.  Carlin Formation material removed prior to February 

1
st
, 2009 is shown as translucent. 
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 Figure 7.16 shows CS C-C’ with the pit profile after reactivation of the Midway slide and 

the shear surface (Shear Surface 1) inferred for that instability.  According to this interpretation, 

the base of the Midway slide would have coincided with the lower portion of the Lower 

Laminated Tuff (Tllt) unit; slightly above the Basal Tuff (Tbt) contact.  Inspection of the residual 

strength parameters for CS C-C’ shows that the sub-units with the lowest values for residual 

friction angle along Section Line C-C’ are the Tllt and Tbrc units.  Although the Tbrc unit has 

the lowest possible value for residual friction angle, CS C-C’ shows that the Tllt unit is exposed 

at the pit slope while the Tbrc unit is not, which may explain why Shear Surface 1 may have 

propagated through the Tllt unit instead of the Tbrc unit.   

 
Figure 7.16  CS C-C’ with March 1

st
, 2009 pit profile (green solid line) after reactivation of the 

Midway slide.  Black dashed line indicates interpreted shear surface with failure mass shown 

within stripped pattern.  February 1
st
, 2009 profile (blue dashed line) also shown. 

 

Looking at specific test samples, the closest sample to the pit slope within the Tllt unit is 

the sample labeled GTC-19-686 (Figure 7.16).  The residual strength parameters for this sample 

are 15.3 degrees for residual friction angle and 0.7 psi for residual cohesion (Table 6.9, page 61).  
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Although this value for residual friction angle is not the lowest possible value for the Tllt unit, it 

is still lower than that of any other sub-unit along Section Line C-C’ besides the Tbrc unit.   

7.5.2 April 26
th

, 2009 Failure 

After reactivation of the Midway slide (Failure Mass 1), continued movement at the base 

of the slope resulted in disturbance in the upper portions of the Nine Points area (Figure 7.17) 

(Sheets et al., 2014a).  In mid-April 2009, it is reported that accelerated slope deformation was 

detected and was likely influenced by relatively high precipitation at the beginning of the month 

(Sheets et al., 2014a).  This was followed by complete failure of the slope at the end of the month 

on April 26
th

, 2009 (Figure 7.17B).  Figure 7.18 shows Cross Section C-C’ with the May 1
st
, 

2009 pit profile after the April 26
th

, 2009 failure event, as well as the shear surface (Shear 

Surface 2) inferred for this event.  A pre-failure cross section for this failure was not included 

due to minimal change in the pit slope profiles between the March 1
st
, 2009 and April 1

st
, 2009. 

   
(a)                                                                       (b) 

Figure 7.17  Topographic maps showing Nine Points area prior to and after April 26
th

, 2009 

failure event on (a) April 1
st
, 2009 and (b) May 1

st
, 2009, respectively  
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Figure 7.18  Cross Section C-C’ with May 1

st
, 2009 pit profile (solid magenta line) after the 

April 26
th

, 2009 failure.  Black dashed indicates interpreted April 26
th

 shear surface (Shear 

Surface 2).  Green dashed line indicates Midway shear Surface (Shear Surface 1).  Area with 

crosses pattern indicates April 26
th

 failure mass. 

  

Figure 7.18 illustrates that at lower elevations and near the pit slope, the April 26
th

, 2009 

failure surface (Shear Surface 2) may have likely continued propagating along the base of the 

Midway Slide (Shear Surface 1) and into the Basal Tuff (Tbt) unit.  Review of the residual 

strength parameters provided in Figure 7.18 indicates that the Tbt unit has values for residual 

friction angle and residual cohesion of 31.7 degrees and 4.8 psi, respectively, which are 

relatively high when compared to many of the other sub-units.  This would suggest that for this 

particular failure, the base of the failure did not coincide with the sub-unit with the lowest 

residual friction angle value.   

However, based on the observations described at the beginning of this section, it is 

possible that other factors, primarily high precipitation and ongoing movement, may have 

resulted in a highly unstable slope condition where even sub-units with favorable engineering 
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properties could have undergone failure.  Ongoing movement of the Midway slide (Failure Mass 

1) may have resulted in an over steepened and partially unsupported zone of Carlin Formation 

material to the right of Shear Surface 1.  Such conditions, combined with increased pore water 

pressures in the slope from high precipitation, may have been sufficient enough to induce the 

April 26
th

, 2009 failure event.  

7.5.3 December 24
th

, 2009 Failure 

   
                                       (a)                                                                   (b)                                         

Figure 7.19  Topographic maps showing Nine Points area prior to and after December 24
th

, 2009 

failure event on (a) December 21
st
, 2009 and (b) January 1

st
, 2010, respectively. 

 

 Following the April 2009 failure event, remediation of the failure zone began and 

consisted primarily of re-sloping of the failure mass.  However, on December 24
th

, 2009 the 

slope suddenly failed, mobilizing the previous failure mass as well as previously undisturbed 

portions of the slope.  Figure 7.19 shows the topographic maps for the Nine Points area before 

and after the December 24
th

, 2009 failure event on December 21
st
, 2009 and January 1

st
, 2010.   
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In all remaining figures showing cross sections, the Midway slide and April 26
th

, 2009 failure 

mass have been grouped into a single mass shown in pink, while overflow slide material is 

shown as pink with a dotted pattern. 

 
Figure 7.20  CS C-C’ with December 21

st
, 2009 pit profile (red solid line) prior to December 

24
th

, 2009 failure.  November 1
st
, 2009 pit profile also included (dark gray dashed line). 

 

Figure 7.20 shows CS C-C’ with pre-failure conditions on December 21
st
, 2009.  For 

reference, the shear surfaces for the Midway slide (Shear Surface 1) and April 26
th

, 2009 failure 

(Shear Surface 2) are also shown.  However, based on the amount of overflow slide material, 

these surfaces were likely not well preserved except for the lower portion of Shear Surface 2 

towards the pit slope.  Figure 7.21 shows CS C-C’ with the January 1
st
, 2010 pit profile after the 

December 24
th

, 2009 failure event (December 24
th

 failure) and the shear surface (Shear Surface 

3) inferred for that event.  Shear Surface 3 was inferred in a similar manner as previously 

discussed shear surfaces except that it was possible to verify the depth to shear surface within 

drill holes GTC-75 and GTC-78 since they were drilled after this failure event.  The interpreted 
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depth to shear surface for these drill holes shown in Figure 7.21 were compared to and consistent 

with previous work (Yang et al., 2011).  Based on the interpretations shown in Figure 7.21, the 

base of this failure would have coincided with the Tllt unit, which is the same unit that was 

interpreted to be at the base of the Midway slide.   

 
Figure 7.21  CS C-C’ with January 1

st
, 2010 pit profile (black solid line) after December 24

th
, 

2009 failure event.  Shear surface for this event (Shear Surface 3) is shown as a thick black 

dashed line with the failure mass shown within the crisscrossed pattern.  Interpreted shear 

surfaces in GTC-75 and GTC-78 are labeled as “SS”. 

 

 Although the Tllt unit is the same unit interpreted at the base of the Midway slide, the 

failure geometry and size of the December 24
th

 failure event was notably different.  Furthermore, 

the literature indicates that the behavior of this failure was distinct from previous slope failures 

in that the December 24
th

 failure was relatively rapid and resulted in significant run-out of Carlin 

Formation material into the pit (Figure 7.22) (Sheets et al., 2014c).  Recent work suggests that 

this was possibly due to sudden changes in loading conditions in the upper portions of the slope 

which then led to reactivation of previously failed material (Sheets et al, 2014c).  This would 
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imply that the December 24
th

, 2009 failure may have actually been a two part event where two 

failures occurred in rapid succession. 

 
Figure 7.22 Showing run-out of Carlin Formation material into the pit after December 24

th
, 

2009 failure event (Sheets et al., 2014c). 

 

Considering a two part failure event, a change in loading conditions in the upper portions 

of the slope may have resulted from an initial failure in this part of the slope.  Figure 7.21 shows 

that for the upper sub-units, the Upper Tuff (Tut) unit has the lowest possible value for residual 

friction angle, which is given as 16.6 degrees, and a relatively average value for residual 

cohesion compared to other sub-units.  These values come from a test sample from the nearby 

drill hole GTC-17 (Figure 7.13, page 105); approximately 340 feet south of drill hole GTC-19 

but still within the Nine Points failure zone.  Due to changes in sub-unit thicknesses away from 

Section Line C-C’, test samples from GTC-17 could not be projected accurately onto CS C-C’ 

but are shown in Cross Section B-B’ in Chapter 6 (page 53).  The Tut unit was interpreted 

confidently in the drill hole GTC-19, however, it is shown with a question mark in “QCP-94A” 

since the upper portion of this drill hole may have been drilled within the Nine Points failure 

mass. 
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Figure 7.23  CS C-C’ showing Part 1 of the December 24

th
, 2009 failure.  Material displaced 

between December 21
st
, 2009 and January 1

st
, 2010 shown as translucent.  Dashed blue line 

indicates interpreted shear surface for Part 1 (Shear Surface 3.1). 

 

 Figure 7.23 illustrates what the shear surface (Shear Surface 3.1) for Part 1 may have 

looked like if the December 24
th

 failure was indeed a two part failure event.  Considering that the 

Tut has the lowest for residual friction angle for the upper part of the slope, it could be expected 

that base of the failure would have occurred within or in close proximity to the Tut unit rather 

than any of the other upper units.  Additionally, the residual friction angle for the Tut unit is only 

1.3 degrees higher than the residual friction angle value of the Tllt unit that was discussed for the 

Midway slide (Section 7.5.1).  However, without slope stability modeling, it is not possible to 

conclude whether Part 1 would have been controlled by shearing along the Tut unit or possibly 

by over steepening of the “Tuss” unit. 

Figure 7.24 shows Shear Surface 3.1 relative to the entire shear surface interpreted in 

Figure 7.21 which has been relabeled Shear Surface 3.2.  A prominent feature of this shear 
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surface is the significant increase in depth further into the slope versus near the pit slope.   

Anticipating the propagation of a shear surface through zones of least resistance, there appears to 

have been some locations that may have been more susceptible to failure than others.  These 

include (1) the zone where the Normal Shear Zone intersects the Tllt unit and (2) the zone where 

the Tllt unit intersects the Tails fault; in close proximity to the base of Shear Surface 1 and Shear 

Surface 2.  The intersection of these features with the Tllt unit, which has been previously 

discussed as potentially having less than favorable engineering properties, may have resulted in 

zones of significantly less resistance relatively to surrounding Carlin Formation.   

 
Figure 7.24  CS C-C’ showing Part 2 of the December 24

th
, 2009 failure.  Dashed black line 

indicates final interpreted shear surface for Part 2 (Shear Surface 3.2).  Complete failure zone 

indicated by crisscross pattern. 

 

 However, considering the relatively gentle gradient for the lower portion of the slope on 

December 21
st
, 2009 prior to failure (Figure 7.24), a triggering event would have likely been 

required to induce failure at the locations discussed above.  The mobilization of Carlin 
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Formation material in Part 1 may have served as that trigger, thus supporting the idea that the 

December 24
th

 failure may have been a two part event where two failures occurred in rapid 

succession.   
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CHAPTER 8 

DISCUSSION 

 This chapter discusses the results of the updated Carlin Formation geological model for 

slope stability purposes.  The discussion focuses on the cross sections, ranges of engineering 

properties, and qualitative assessment presented in previous chapters.  Quality of logging 

descriptions and testing data are also examined.  Residual strength parameters are emphasized. 

8.1 Cross Sections 

 The construction of the cross sections for this project showed that although the Carlin 

Formation may be highly heterogeneous and complex, it is possible to correlate Carlin Formation 

sub-units between certain drill holes within the study area.  The primary obstacles in constructing 

cross sections for this research were: (1) the complexity of the Carlin Formation, (2) the 

variability in detail and quality provided in logging descriptions, and (3) potential presence of 

unknown or unmapped geological structures between drill holes.  As a result, it was necessary to 

implement an iterative construction process in order to evaluate which combination of drill holes 

best characterized the Carlin Formation along each section line. 

 The process of constructing cross sections was facilitated by grouping all sub-units above 

the Tut sub-unit, as defined by Kuiper (1998), into a single sub-unit named “Tuss” which 

reduced the number of sub-units from 14 to 11.  However, there are parts of the pit where this 

sub-unit increases significantly in thickness; specifically in the northern part of the pit, as shown 

in Cross Section B-B’ and C-C’ (pages 53 and 59 ), as well as the eastern part of the pit, as 

shown in Cross Sections C-C’, D-D’, E-E’, F-F’, and G-G’ (pages 59, 64, 69, 74, and 79).  For 

these parts of the pit, it may be advantageous to break down the “Tuss” sub-unit into its original 
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constituents if possible.  

 Although the newly defined “Tuss” sub-unit partially simplified defining sub-units in 

drill holes within the study area, the general complexity of the Carlin Formation combined with 

frequently variable logging descriptions (both in detail and content) often made it difficult to 

interpret geological conditions between certain drill holes.  This resulted in having to make some 

interpretations that may appear suspect on cross sections.  Most notably, these include: (1) abrupt 

pinching out of sub-units between drill holes, (2) irregular sub-unit geometries, and (3) 

questionable juxtaposition of upper sub-units next to lower sub-units across some faults.  These 

types of interpretations occurred most commonly for the thinner sub-units such as the Tut, 

Tmms, Tgvs, Tcm, and Tlgs sub-units.  

 Some cross sections may contain areas where there is a significant change in elevation of 

the same sub-units between adjacent drill holes.  However, due to lack of field work for this 

research, it was not possible to investigate for evidence of geological structures between drill 

holes where this occurred.  As a result, only faults whose presence was verified using the 

provided computer models were included and shown with offset in cross sections.  

8.1.1 Quality of Logging Descriptions 

 Due to lack of field work for this research, logging descriptions from drill holes within 

the study area were the primary source of information used for defining sub-units and 

characterizing the Carlin Formation for the updated model.  In reviewing the available drill logs 

early on in the construction of cross sections, it became apparent that there was a high variability 

in both detail and quality of logging descriptions.  The year of drilling and purpose (geotechnical 

vs. hydrogeological) of specific drill holes often dictated the degree of detail and quality that was 

provided in logging descriptions.   
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 Ultimately it was possible to incorporate many of the drill holes within the study area for 

which drill logs were available into the model.  However, this was only possible after iteratively 

constructing cross sections using different combinations of drill holes as well as considering 

various interpretations of sub-units within drill holes.  The final cross sections presented in this 

research show the drill holes where sub-units could be defined with the greatest confidence and 

that best allowed for interpretations that adhered to geological principals between drill holes.  

Generally, drill holes that are shown in cross sections with a greater number of interpreted sub-

units indicates there is a greater degree of confidence in the logging descriptions for that drill 

hole.  Additionally, it was observed that better interpretation of sub-units was possible for drill 

holes where the Upper Tuff (Tut) sub-unit could be readily identified; particularly in areas where 

the Middle Tuff (Tmt) sub-unit becomes dominated by fine silts and sands rather than 

interbedded light brown and orange-pink indurated tuffs.   

 Any additional drilling should emphasize the identification of Carlin Formation sub-units 

since the ranges of engineering properties show significant spatial variability of strength 

parameters for many of these sub-units.  The most useful drill logs reviewed for this research 

included descriptions of: rock type, color, grain size and sorting, texture, bedding/lamination, 

and degree of consolidation/induration.  Pit slope mapping would also increase the confidence in 

the interpretations presented in this research as well as in the results of future drilling programs. 

8.2 Ranges for Engineering Properties 

The ranges for engineering properties presented in Chapter 6 were developed using the 

available testing data along sections lines and correlating that data to specific sub-units of the 

Carlin Formation.  Only testing data that could confidently be correlated to Carlin Formation 

sub-units was used in developing ranges for engineering properties.  In general, most of the 
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available testing data along sections was used except for data from drill holes where sub-units 

could not be confidently defined; as was often the case for drill holes east of the Crusher Fault.  

As discussed in Chapter 7, no ranges were developed for the Tcm unit.  However, possible 

strength parameter values were provided.  A summary combining the ranges for all cross 

sections is provided in Table 8.1. 

Table 8.1  Summary of engineering properties for all cross sections. 

Unit 
Unit Weight 

(pcf) 

Peak Direct Shear 

Strength 

Residual Direct Shear 

Strength 

Number of Test 

Samples 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 

Friction 

Angle 

(degrees) 

Cohesion 

(psi) 
Peak Residual 

“Tuss” 93 – 110 21° – 43° 12 – 112 11° – 36° 0 – 16 11 22 

Tut 99 – 109 20° – 34° 16 – 69 8° – 29° 3 – 9 5 6 

Tmms 98 - 114 30° - 34° 23 - 24 31° - 34° 3 - 9 2 6 

Tmt 78 – 111  24° - 28° 36 - 59 10° – 33° 2 – 15 2 12 

Tgvs 90 – 117  26° – 34° 11 – 65 17° – 36° 2 – 10 3 8 

Tcm ------------------ ------------------ --------------- ----------------- -------------- No Test Samples 

Tllt 99 – 109 11° – 31° 10 – 41 10° – 30° 1 – 7 2 7 

Tlgs 63 - 114 34° 127 27° - 33° 2 - 26 1 3 

Tbt 97 – 122 11° – 34° 23 – 74 4° – 32° 2 – 27 6 20 

Tbrc  90 – 146 12° – 48° 2 – 99 5° – 22° 0.5 – 15 6 13 

Tggvl 105 – 133  20°  – 35° 13 – 18  5.5°  – 18° 9 – 19 2 3 

 

 Tables 8.2 and 8.3 outline the ranges for peak and residual strength parameters, 

respectively, that were developed for each of the cross sections oriented near-perpendicular to 

the pit slope.  Since the purpose of these tables was to illustrate the distribution and changes in 

ranges across the pit slope, the ranges for Cross Section A-A’ and B-B’ were not included.  
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Table 8.2  Summary of peak friction angle (ϕp) and cohesion (cp) for cross sections.  The abbreviations NS and NI indicate “No 

Samples” and “Not Interpreted in Cross Section”, respectively. 

 
Cross Section 

C-C’ D-D’ E-E’ F-F’ G-G’ H-H’ I-I’ 

Unit 
ϕp 

(degrees) 

cp 

(psi) 

ϕp 

(degrees) 

cp 

(psi) 

ϕp 

(degrees) 

cp 
(psi) 

ϕp 
(degrees) 

cp 

(psi) 

ϕp 

(degrees) 

cp 

(psi) 

ϕp 

(degrees) 

cp 

(psi) 

ϕp 

(degrees) 

cp 

(psi) 

“Tuss” 25° - 43° 18 – 75 27° - 34°  52–70 21.4° 83.9 NS NS 26° 12 NS  NS NS NS 

Tut 33.6° 68.5 NS NS NS NS NS NS 20° - 21° 16–18  23.4° 40.2 NS NS 

Tmms 34° 24.3 NS NS NS NS NS NS NS NS NS NS NS NS 

Tmt 23.7 ° 36 27.8° 58.7 NS NS NS NS NS NS  NS NS NS NS 

Tgvs NS  NS 33.3° 65 34.3° 11.3 NS NS 25.5° 35.4 NS NS NS NS 

Tcm NS NS NI NI NI NI NS NS NS NS NS NS NS NS 

Tllt NS NS 11° - 31° 10–41 NS NS NS NS NI NI NS NS NS NS 

Tlgs NS NS NS NS NS NS 34° 127.2 NI NI NS NS NS NS 

Tbt NS NS 21.7° 34.6 NS NS 19.9° 54.5 23.8° 58.3 22° - 34° 16–74 NS NS 

Tbrc NS NS 21.7° 12.4 12°-20° 31–70 NS NS 15° - 48° 2 – 99 NS NS NS NS 

Tggvl NI NI NI NI NI NI NI NI NI NI NI NI NS NS 
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Table 8.3  Summary of residual friction angle (ϕr) and cohesion (cr) for cross sections.  The abbreviations NS and NI indicate “No 

Samples” and “Not Interpreted in Cross Section”, respectively. 

 
Cross Section 

C-C’ D-D’ E-E’ F-F’ G-G’ H-H’ I-I’ 

Unit 
ϕr 

(degrees) 

cr 

(psi) 

ϕr 

(degrees) 

cr 

(psi) 

ϕr 

(degrees) 

cr 
(psi) 

ϕr 
(degrees) 

cr 

(psi) 

ϕr 

(degrees) 

cr 

(psi) 

ϕr 

(degrees) 

cr 

(psi) 

ϕr 

(degrees) 

cr 

(psi) 

“Tuss” 25° - 35° 0 – 9 24° - 36°  2 – 8 10.7°  4.7 NS NS 26.7°  4.7 NS  NS NS NS 

Tut 16.6° 3.5 NS NS NS NS NS NS 8° - 10° 4 – 7 13° 3.9 NS NS 

Tmms 33.8° 7.1 31.3° 5.5 NS NS NS NS NS NS 32.5° 2.9 NS NS 

Tmt 20° - 32° 3 – 8 18° - 33° 5 – 15 NS NS NS NS 10° - 32° 2 – 5 NS NS 26° - 32° 2 – 3 

Tgvs 32° - 34° 2 – 7 30° - 32° 5 – 6 35.8° 3.9 NS NS 17.4° 10.1 NS NS 30.7° 4.6 

Tcm NS NS NI NI NI NI NS NS NS NS NS NS NS NS 

Tllt 13° - 29° 0.7 – 5 12° - 14° 1 – 7 NS NS NS NS NI NI 10.2° 5.6 NS NS 

Tlgs 26.7° 4.7 NS NS NS NS 26.9° 26.3 NI NI NS NS 32.8° 2.21 

Tbt 31.7° 4.8 12° - 27° 2 – 4 6° - 10° 2 – 9 5° - 11° 5 – 12 15° - 20° 7 – 27 4° - 31° 3 – 14 7.3° 4.1 

Tbrc 9.2° 14.8 7.8° 4.9 7° - 8° 7 – 8 NS NS 5° - 20° 0.5 – 13 14° - 22° 4 – 6 8° - 16° 6 – 7 

Tggvl NI NI NI NI NI NI NI NI NI NI NI NI 5.5° 9.9 
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Additionally, due to Section Lines A-A’ and B-B’ being oriented near-parallel to the pit slope 

and intersecting the majority of the other section lines, most of the testing data used to define 

ranges for CS A-A’ and CS B-B’ was also used to define the ranges shown in Tables 8.2 and 8.3. 

 Although it was possible to define ranges for both peak and residual strength parameters 

for all sub-units (Table 8.1), except the Tcm sub-unit, inspection of Table 8.2 shows a limited 

distribution of ranges for peak strength parameters across the pit.  This was due to most of the 

available testing data being for residual strength.  In contrast, Table 6.3 shows a significantly 

improved distribution of ranges for residual strength parameters.  However, even with defining 

the Carlin Formation in terms of 11 sub-units, these results show considerable variance in 

residual strength parameter values for some sub-units. 

 Based on the values in Table 8.3, the following can be said about the residual strength 

parameters, specifically residual friction angle values, of Carlin Formation sub-units: 

 The residual friction angle values for the Middle Massive Sands (Tmms), Gravely Sands 

(Tgvs), and Lower Glassy Sand (Tlgs) sub-units are consistently higher than the rest of 

the Carlin Formation sub-units.  Except for one value of 17 degrees for the Tgvs sub-unit, 

the residual friction angle values for these sub-units are generally over 26 degrees. 

 Although the “Tuss” sub-unit generally has residual friction angle values greater than 24 

degrees, a value of 10.7 degrees for Cross Section E-E’ indicates that there may be zones 

of weakness within this sub-unit.   

 The ranges for residual strength parameters show that although the lower sub-units (Tcm 

and lower) have often been considered the weaker sub-units at Gold Quarry, for parts of 

the pit, some of the upper and middle sub-units such as the Tut and Tmt sub-units may 

have engineering properties similar to those of lower sub-units. 
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8.2.1 Quality of Testing Data 

 The two major deficiencies in the model regarding the ranges of engineering properties 

are that:  (1) it was not possible to define ranges for all sub-units interpreted in each cross section 

and (2) there is considerable variance for strength parameter values for some sub-units along 

certain section lines.  Although some of the variance in strength parameter values may be 

attributed to the heterogeneity of the Carlin Formation, review of testing methods indicates that it 

may be possible to improve on the bounds for these values with additional testing using different 

approaches to testing Carlin Formation materials.    

 In compiling the strength testing data for this research, it was noted that in recent years: 

(1) strength testing data has been primarily obtained by small scale direct shear (SSDS) testing 

and (2) there has been a tendency to test for residual strength using remolded samples of Carlin 

Formation material rather than undisturbed intact samples.  It is suggested that future strength 

testing be conducted using undisturbed samples since remolding can be expected to destroy any 

structure and fabric (Lupo, 2011) present in Carlin Formation materials that may be influencing 

the engineering behavior of specific sub-units. 

 In regards to testing methods, a primary disadvantage with direct shear testing is that the 

failure surface is forced along a specified horizontal plane which may not necessarily be the 

weakest or most critical orientation as related to a potential shear surface within the slope (Holtz 

et al,. 2011).  Figure 8.1 illustrates how the principal stresses within a slope may be expected to 

rotate along a potential rotational type shear surface after excavation.  Although at Point B the 

rotation of principal stresses may result in a near-horizontal orientation of the shear surface, 

similar to the forced shear surfaces of direct shear tests, this would not be the case towards the 

base of the slope (Point A) and towards the top of the slope (Point C).  As a result, conducting 
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other types of strength tests in conjunction with the direct shear tests that are typically performed 

may provide further insight into the mechanical behavior of Carlin Formation sub-units with 

regards to slope stability. 

 
Figure 8.1  Showing rotation of major (σ1

’
) and minor (σ3

’
) principal stresses along a potential 

failure surface after excavation (Turner et al., 1996).  Dashed line indicates original ground 

surface. 

 

 Due to the versatility of triaxial testing, it is suggested that triaxial tests be conducted on 

some Carlin Formation samples in future testing programs.  Advantages of triaxial tests over 

direct shear tests include: significantly better control of drainage conditions, failure planes are 

allowed to occur anywhere within test samples, and stress paths to failure can be more efficiently 

modeled (Holtz et al., 2011).  However, a disadvantage of triaxial tests is that it is often difficult 

to evaluate residual strength due to the configuration of triaxial testing equipment which limits 

the amount of strain that a test sample may undergo and often does not allow the residual state to 

fully develop (Chen and Liu, 2014).  Although prior work indicates that failures within the 

Carlin Formation tend to occur at or near residual strength, the use of residual values for slope 

stability analyses may be more appropriate for areas where the orientation of potential shear 



126 
 

surfaces may be expected to be approximately horizontal while strength values obtained from 

triaxial testing may be more representative of actual conditions for areas where the orientation of 

potential shear surfaces is not expected to be near-horizontal. 

8.3 Qualitative Assessment 

 The qualitative assessment of the model consisted of interpreting shear surfaces in cross 

sections that intersected recent failure zones at Gold Quarry.  This was done by using the 

available pre-failure and post-failure topographic maps and inferring shear surfaces by 

connecting the main head scarp and surface of rupture at the toe for each failure.  This first-order 

assessment of the model was done in order identify the Carlin Formation sub-units involved in 

recent failures and evaluate whether there was a correlation between the location of shear 

surfaces and sub-units with low values for residual strength parameters; specifically residual 

friction angle.  The failures discussed in Chapter 7 and the sub-units that were interpreted at the 

base of each failure include: 

 Phase 4 – North failure:  Middle Tuff (Tmt) sub-unit. 

 October 14
th

, 2009 failure:  Clayey Silts (Tcm) and Basal Tuff (Tbt) sub-units for CS F-

F’ and the Basal Reduced Clay (Tbrc) sub-unit for CS G-G’. 

 Nine Points failures: Lower Laminated Tuff (Tllt) sub-unit for the Midway slide 

reactivation, possibly the Tbt sub-unit for the April 26
th

, 2009 failure, and the Tllt sub-

unit for the December 24
th

, 2009 failure which may have been preceded by failure 

along the Upper Tuff (Tut) sub-unit. 

In general, the qualitative assessment of the model showed that the base of the inferred 

shear surfaces repeatedly coincided with the location of sub-units with lower residual friction 

angle values relative to overlying and underlying sub-units.  However, the two major factors that 
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did not allow for complete establishment of this trend for this project were: (1) lack of testing 

data for some sub-units along certain section lines and (2) deviation from this trend for events 

where other factors, such as ongoing slope movement and increased pore water pressures, may 

have had significant influence on the location/depth of shear surfaces.   

As in previous work, the base of the interpreted shear surfaces often coincided with the 

lower sub-units (Tcm and lower) which have historically been considered the most problematic 

Carlin Formation units at Gold Quarry.  However, for some of the failures, the base of the 

interpreted shear surfaces coincided with upper and middle Carlin Formation sub-units; as was 

the case for the Phase 4 – North failure where the base of the shear surface was inferred within 

the Tmt sub-unit and possibly the Nine Points December 24
th

 failure where the base of the initial 

failure may have occurred along the Tut sub-unit.  These results illustrate that although grouping 

of sub-units based on similar engineering properties may be convenient and often the standard of 

practice when performing slope stability analyses, such approaches may lead to over 

generalization and improper characterization of actual pit slope conditions due to the wide ranges 

in strength of Carlin Formation sub-units across the pit slope. 
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CHAPTER 9 

CONCLUSIONS 

Conclusions from the updated geological model of the Carlin Formation for slope stability 

purposes at Gold Quarry include: 

 Although the Carlin Formation is highly heterogeneous and complex, the research has 

shown that it is possible to correlate Carlin Formation sub-units between drill holes 

within the study area using a modified version of the Kuiper (1998) stratigraphic column.   

 For simplicity, all sub-units above the Upper Tuff (Tut) sub-unit were incorporated into 

the newly defined “Upper Silts and Sands” (“Tuss”) sub-unit.  However, the strength 

testing data suggest that there may be zones within this sub-unit that may be of low 

strength and potentially problematic. 

 The ranges of engineering properties that were developed indicate that the strength of 

Carlin Formation sub-units vary across the pit slope with notably greater variability for 

sub-units dominated by fine-grained materials. 

 In the past, the lower sub-units (Tcm and lower) have often been considered the weaker 

sub-units of the Carlin Formation at Gold Quarry.  However, the strength testing data and 

qualitative assessment of the model suggest that for parts of the pit, some upper and 

middle sub-units may also have less than favorable engineering properties. 

 For recent major failures, a qualitative assessment of the model showed that the base of 

these failures often coincided with the depth and location of sub-units with low residual 

friction angle values relative to overlying and underlying sub-units.  
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CHAPTER 10 

RECOMMENDATIONS 

 Recommendations for future data collection and improved characterization of the Carlin 

Formation at Gold Quarry include: 

 The research showed that the sub-unit with the least favorable engineering properties 

varies spatially across the pit slope.  As a result, it is suggested that any additional drilling 

emphasize the identification of characteristic features of Carlin Formation sub-units in 

order to maintain the stratigraphy that has been established and better anticipate 

potentially unstable slope designs as pit development progresses.  Consistency in 

describing encountered geological materials in logging descriptions, as well as providing 

sufficient detail, can be expected to significantly facilitate the inclusion of data from 

future drilling programs into the model.  

 It is recommended that future testing for residual strength be conducted using undisturbed 

samples in order to better understand the influence of in-situ fabric and structure of Carlin 

Formation sub-units on slope stability.  The use of remolded samples for testing may, to 

some extent, explain the greater degree of variance in the developed ranges of 

engineering properties for sub-units dominated by fine-grained materials since the 

engineering behavior of fine-grained materials is generally known to be heavily 

influenced by fabric/structure (Holtz et al., 2011).  

 For the reasons discussed in Chapter 8, it is recommended that future testing programs 

include triaxial testing of some Carlin Formation samples in combination with the small 

scale direct shear (SSDS) testing that is typically performed.  Additionally, triaxial testing 
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may provide further insight into the mechanical behavior of Carlin Formation sub-units 

since triaxial tests differ from SSDS tests in that failure is not forced along a specified 

plane. 

 Due to the heterogeneous nature of the Carlin Formation and the variety of conditions 

that can be tested using triaxial tests, the most appropriate type of triaxial test will vary 

depending on factors such as:  dominant grain size of test samples, anticipated 

groundwater conditions, and future pit slope designs.  However, in general, consolidated-

drained triaxial tests may be more appropriate for test samples with high percentages of 

clay while consolidated-undrained triaxial tests may be more appropriate for test samples 

with high percentages of sand since the drained and undrained cases are considered the 

most critical as related to strength for clays and sands, respectively (Holtz et al., 2011).   

 Further characterization of the Carlin Formation may be achieved by constructing a three-

dimensional model using the interpretations presented in this research.  A three-

dimensional model would provide further confidence in defining the lateral continuity 

and geometry of sub-units across the pit slope which would aid in recognizing potential 

areas of instability for future slope designs.  In addition to the ranges of engineering 

properties that were developed, the inclusion of structural and hydrogeological data 

would also be beneficial since it would provide additional insight into potential failure 

mechanisms.  
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