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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 1990ôs 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). 



 

5 
 

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 ïfluvial basal conglomerates and sedimentary breccia 

¶ Middle ï lacustrine claystones and tuffs with minor interbedded fluvial channel 

conglomerates 

¶  Upper ï 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 ñstair-steppedò 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 ñfabricò 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 ñstair-steppedò 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-1980ôs (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 ï where approximately 311,00 tonnes of material failed 

as shown in Figure 3.2. 

¶ (2)  December 27
th
, 2004 ï 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 ï North Failure (July 19
th

, 2007) 

The Phase 4 ï 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 ï 

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 ï 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 ï 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 ï 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). 

 

 



 

23 
 

 
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). 
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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 Formationôs 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) ï 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) ï 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). 

 



 

31 
 

¶ Tertiary Basal Tuff (Tbt) ï 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) ï 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) ï 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 ñzebra 

unitò. 

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

(Newmont, 2006). 

 

¶ Tertiary Clayey Silts (Tcm) ï 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). 


