AN UPDATED GEOLOGICAL MODEL OFTHE CARLIN FORMATION FOR
SLOPE STABILITY PURPOSES AT THE GOLQUARRY MINE,
EUREKA COUNTY, NV

by

Carlos Hernandez



A thesis submitted to the Faculty and the Board of Trustees of the Colorado &chool
Mines in partial fulfillment of the requirements for the degree of Master of Science (Geological

Engineering).

Golden, Colorado

Date

Signed:
Carlos Hernandez
Signed:
Dr. Jerry Higgins
Thesis Advisor
Golden, Colorado
Date
Signed:

Dr. Paul Santi
Professor and Head
Department of Geology and Geological Engineering



ABSTRACT

An updated geological model of the Carlin Formation for slope stability purposes at the
Gold Quarry open pit mingeureka County, NV) has been developed. The €&drmation is a
sequencef interbedded tuffs, silts, clays, sands, and gravels of variable composition and
induration that overlies gold bearing raakthemineand has underge numeroufailureson
theeasernpit slope. The model consists of nine geological cross sec¢hahsiere constructed
using the available drilling information and supplemented vatiges ofengineering properties
for Carlin Formation suunitsdeveloped fronthe availablgesting data along cross section
lines. A qualitative assessment of the model consisting of interpreting shear surfaces in cross
sections that intersected recent failmomeswas also performed in order to evaluate whetther
inferredshear surfaces a@lated to swunits with low values foresidual strengthgrameters

The construction of the model showed that although the Carlin Formation may be highly
variable and heterogeneous, it is possible to correlate Carlin Formatiomissibetween certain
drill holes witin the study areaDue to the variability in the degree of detail provided in
logging descriptionsan iterative construction processas implemented order to evaluate
which combination of drill holes best characterized the Carlin Btbom along each section line.
Although historicallythe lower sukunits have been considered the most moigitic as related
to slope stability at Gold Quarry, thenges oengineering properties suggésatfor parts of the
pit, some of theipperand middlesub-units may also have less thavdrable engineering
properties.This was also illustrateith thequalitative assessment of the model whebase of
the inferred shear surfaces repeatedly coincided with the location-ahgslwith lowresidual

friction angle values relative to other subits
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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 (122ton) Bf Tertiary
age Carlin Formationa 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 failureshitna 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 agavated by the presenoénorthsouth and eastest trending faults
that aside from creating zones of weakness, have also compartmentalized groundwater
throughout the Carlin Formation.

Numerous geological and geotechnical investigations have been cahuiuttte vicinity
of Gold Quarry since the early 199006s in atte
characterize and model the Carlin Formation in this area. However, due to the high variability
and complexity within the Carlin Formatioihhas 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 he 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 requirgaignactivities



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 ftegwyears and, more importantly, ensure the
safety of the personnel working within the open pit.
1.1  Location of Study Area

Gold Quarryis situated within a 38nile (60km) long nortimorthwest alignment known
as the Carlin flend in northeastern Nevada whisltonsidered to be the largest and most
productive accumulation of gold depositdNorth America (Teal and Jackson, 2DORore
specifically, Gold Quarry is located approximatélyniles (11 knmp northwest of Carlin, Nevada

(Figure 11).
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Figure 11 Index map Bowing location of Gold Quarry mine, Carlin, NV (Sheets, 3013



1.2  Purpose and Scope of Research

The purpose of this reseanslas to develop a comprehensive geological model of the
Carlin Formation for slope stability purposes at the Gold Quamg tiiat coulatonsistently
expain observed conditions and coldd used to adequately preipit slope stability for mine
development. The scope of research consisted of constructing geological cross sections using
available geological/geotechnical irstigation results and correlating geotechnical strength
testing data to specific Carlin Formation auiits. A qualitative assessment of the model was
also performed which consisted of interpreting shear surfaces in cross sections that intersected
recentfailure zones in order to identify whether there was a correlation between the location

shear surfaces and suhits with low geotechnical strength parameter values.



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 followiagliscussion 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 July010 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 Quarrgan be summarized as a thick sequence of Paleozoic marine
sedimentary rocks, overlain by Tertiary age lacustiiffaceoushasinfill sediments, often
coveredby Quaternary age alluvium and/or colluvigRota, 1991 and Rota, 1995)
2.1.1 Paleozoic

The Paleoaic rocks in the vicinity ofsold Quarry primarily cosist of the following
(1) the DevoniasSilurian Roberts Mountains Formation (SDrm/p$2) theDevonian
PopovichFormation(Dp), (3) theDevonian Rodeo Creaknit (Drc), and (4) the Devonian

Marys Mountain sequence (Dmm/Dnfffigures 2.2 and 2.8

= »

Gold Quarry Geology &
Structure

Te — Tertiary Carlin Fm.

Drc — Devonian Rodeo Creek
Fm.

Dp — Devonian Popovich Fim.

SDrm — Silurian-Devonian
Roberts Mountain Fm.

Gold Dmm — Devonian Marys

Quarry Mountain Fm.

open pit /
crest.

James
Creek Tails

A Challenger
Fault

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

2002).



These units comprisesquence of siltstone, shale, sandstone, giftgdtone, and chert
that thickems to the south and tthe 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 débvislimestone, while the
overlying Rodeo Creek unit (Drc) is a tHimmedium 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 t&00 m (1970 ft.)n thickness within structural basins near Gold Quarry (Sheets,
2011) and is generally composed of volcanoclastic lacustrine sadinfenterbedded 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 thidifferent members or lithofacies (Rota, 1991 and
Rota et al., 1991):
1 Loweri fluvial basal conglomerates and sedimentary breccia
1 Middlei lacustrine claystones and tuffs with minor interbedded fluvial channel
conglomerates
1 Upperi brown, calcareous colMial materials resting above an erosinal
unconformity with lacustrine sediments
2.1.3 Quaternary
Quaternary materials in the vicinity of Gold Quarry rest unconformalady the Tertiary

age Carlin Formation and consist of alluvium and colluvium. The Quaternary colluvium (Qcol)



sediments consist of light brown poorly consolidated fine sands with less than 60% gravel
fragments and no volcanic clasts (Newmont, 2004). t€poary 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 (QIs) deposits havisa 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 sowthntral part of the Carlin Trend which is krnow
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. Eastto-west compression relsimg in thrusting and related folding during the late
Devonianearly Mississippian Antler Orogeny.
2. Wrenchstyle strikeslip, reverse, and dilational faulting due to namtirtheast
principal compressive stress related to the-dnicassic Elko Orogeny.
3. Normal faulting and hydrothermal decalcification of carbonate-toukts
resulting in formational (volumss) collapse during the mitertiary.
4. Basin and Range extensional faulting resulting in nsailth striking, easeaind
west dipping normal faultsrbm the Miocene to the present.
The tectonic history of the area has had numerous impacts on the Carlin Formation at
Gol d Quarry. The maj or Basi n-saned pRalnog ec ofnat ual ctt
between the Formation and underlying bedrocktévads to deepen towards the east (Sheets,

2014b) (Figure 2.4). The resulting horst and graben structures have affected the depositional



pattern such that grabens tend to collect thicker sequences of certain units, some of which are
considered among the aleer subunits of the Carlin Formation (Sheets, 2011).

Basin and Rangstyle faulting also resulted in widespread reactivation of most
preexisting faults (Harlan et al., 2002). Many Paleozoic faults in bedrock that originated during
compressional episodeinderwent 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, tmthe€arlmcenari
Formation in the northeast corner of Gold Quarry capable of bounding deformation and

influencing groundwater flow (Sheets, 2011).
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Figure 2.4. Easvest <cross section as$t &Gppdd@Quaontyasholw
Carlin Formaion (Tc) and underlying bedrock (Rodeo Creek unit (Drc)). Dp indicates the
Popovich Formation. SDrm indicates the Roberts Mountains Formation (Powell, 2007).



2.3  Hydrogeology

Due to the complex geologic conditions, it is difficult to accurately defingesdictthe
hydrogeologic conditions in the vicinity @old Quarry. However, in recent years, the
interpretation ohydrogedogic conditions has beesimplified to consisof three aquifers
(Sheets, 20D1(Figure 2.5) (1) alower bedrock aquifer in thealeozoic formationg2) a
confinedshallow bedrock aquifer to the southeast of Gold Quarry, and (3) an aquifer in the

Carlin Formation.

F1ll Material

Shallow Bedrock — 1615 m

Rodeo Creek Fm.

Lower Bedrock — 1216

Figure 2.5 Conceptual cressction showing observed groundwater levels for three known
aquifers (Sheets et a014c).

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 heterogeneouserdttire Carlin Formation sub
units and (2) the presence and effect of geological structbs to the presence of fine

10



grained materials (silts and claysydnaulic conductivities in certain suiits of the Carlin
Formationtend to be low and in thenge ofl0* to 10” 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):
1 Juxtaposing suhbinits of varable hydrologic properties against each other.
1 Acting as conduits for groundwater flow where brittle deformation related to fault
brecciation has increased permeabilities.
1 Creating barriers for groundwater flow where abundant clay gouge has been
producedrom argillic alteration.

In addition to the geological influences groundwater flonmentioned above, it should
be noted that ground water flow in this area is generally to theseattteast withithe Carlin
Fomation, but the excavation of the pit masulted in a low pressure center that has created
local gradients toward the pit (Sheets, 20I®)e combination of these factasswhat has made
groundwater conditions within the Carlin Formation difficult to predict, as well as déngate

efforts atGold Quarnydifficult 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 sincethemiti 98 06s ( Sheet s, 2011) . recérftrmaof ol | ow
documented instabilities and failures that have occurred within thenCarmatiorat Gold
Quarry
3.1 Phase 2 Layback Instabilities (20042005)

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

(1) December®, 2004i where approximately 311,00 tonnes of material failed
as shown in Figure 3.2.

1 (2) December 2% 20047 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 piezometersistatied 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 31 Map showing locationf the Phase 2 #tabilities (brown shaded ar#side black
circle). Additional brown areas indicate other locations of instability. Red lines represent
intense faults, green lines indicate moderate faults, and blue lines indicate wegkfadified
from Bates et al., 2006).
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Figure 3.2 Decembe

L

12004 Phase Rayback failure (Sheets, 2011).

Figure 3.3 December ?7200 Phas ayback failure (Sheets, 2011).
Although remediation such as ualting cuts and angle drains wagplemented after the
December 2004 evenisg, early 2005, signs of continued movem developed in the form of
new cracks acresan unweighting bench (Figure 3.donstructed after the Decembel"2zilure
(Bates et al., 2006)Failure eventually occurred on Octobef"12005 (Figure 3)5 where
1,270,000 tonnes of material was esded from the slope (Bates et al., 2006)ater seeps

14



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).

f‘_.. P l’ -h.' 'Jl-l.-."-' R l:psh.. vy ?33'1"5
Figure 3.4 Photograph sWwing tenstion cracks at the Phase 2 Instablllty on OctoBer2nms
(Bates et al., 2006).

Figure 3.5 Photograb showing conditions of the Phase 2 Instability ar the OcfBr2oa®
failure (Bates et al, 2006).
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3.2 North Waste Rock Facility Slide (February 5", 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. Approximately 9.1Megatonnes of material from the
NWRF unexpectedlyailed 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 thimhtatelid 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 matgi&ieets and Bates, 2008).

Non-Prop Léiich Pad ™

= Property Leach Pad

=
=7
-ell

Nonth Waste Rock

’JA g /e ‘—i-;a;' “Facility * :
;“,.-' ‘;-— ~ 4 k. v S

Figure 3.6 Photograph of Gold Quarry pit and surrounding support facilities (Bates et al., 2006).
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3.3 Phase 4 North Failure (July 19", 2007)

The Phase # North Failure occurred within the Carlin Formation on the eastern
highwall at Gold Quarry (Figure 3)9where slope movement was initially noticed on July 3rd,
2007 (Figure 3.10) (Sherman and She2®98). Movement was monitored using survey prisms,
an extensometer, amdaser scanner until July"92007, when the slope finally failed and

released ggroximately 700,000 tons of mater{@herman and Shee®008)(Figure 3.1}.
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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 approximatelblrd (3949 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) overimsition of Carlin Formation strength

properties and (2) structural controls in this part of the pit.
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Figure 3.9 Phasei4North failure zone map (topographic map date: August 1, 2007).
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Figure 3.10 East highwall on Jul

2007 (Sherman and Shee2008).

Figure 3.11East highwall after July 9 2007failure (herman and Sheeg008).
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 ararea known as Nine PoinSigure 3.12)which ultimately concluded in a
catastrophic failure on December 24, 2009. The following is a discussion on the major
instabilitiesthat occurred in this area whiblegan in July 2008.
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Figure 3.12 Nine Pointaflure zone map (topographic map date: January 1, 2010).

3.4.1 Midway Slide (Summer 2008)

As mining progressed in the summer of 2008, bestetie failures developed in the Nine
Points area and slope displacements propagat¢tteueastern highwalSheets, 2003 Figure
3.13. Creeping style deformation continued as debris spilled onto the prirapityramp
intersection at the NinBointsareawith seeps and wet bench faces being reported prior to failure
(Knight Piésold, 2011). The instabiljtpgamed the Midway Slide, was eweally stabilized by
creatinga 5 bench 680,00@n unweighting cut (Sheets, 20X8igure 3.14) However, the
mitigation would only be temporarily successful with continued slope deformation being

detected in February 20 (Sheets et al., 2014Db).

20



FF il 1 N A A T&F

Midway Slide - Failure Zone Map

@ — — = Approximate extent of

esssmmms  Carlin - Bedrock Contact ;
failure zone

Scale
Contour Interval: 20 feet

S o
R ok
g

T

—

- e
re L S g

j Grﬁf—Tuﬂ Fault

Figure 3.14 Eastern highwallon January 2009 after initial remediation. Area within dashed red
lines indicates zone of localized unwietigg (Sheets, 2013).

3.4.2 April 26™, 2009 Failure

In early-2009, upper east wall deformationthe Nine Points areaccelerated due to
excavation at the toe of the sloged ultimatelyforced mining operations to cease in February
2009 (KnightPiésold,2011). As movement continued, deformation eventually became visible

on March &', 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 ventually slope movements increased up td3®/day(3-5 m/day)and

a progressive circular type slope failure occurred on April 26,,2088re an estimated 3

million tons of runout material flowed over the existing ramp intersec{figures 3.15 and

3.16)(Yang et al., 2011).
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Figure 3.15 April 2B, 2009 failure zone map (to
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Midway intersection

Figure 3.16 Nine piats area failure on April 2§ 2009 (Sheets, 2012).
3.4.3 October 14", 2009 Failure

To the south of the Nine Points Slide afemure 3.17)a slope instability began to
develop within a graben formed the Challenger and Greluff Faults (Figure 3.18as mining
activity progressed with the Phas&duthLayback (Sheets, 2011). Mitigation of the instability
consisted of reducing the inteamp slope angle from 25 degrees to 20 degrees, sloping and
localized unweighting of benches, and monitoring bbgteotic prism system and radar
monitoring system (Sheets, 2011).

In order to further reduce movement, the constructionbaftiiess waslso planned.
However the slopaultimatelyfailed on October 14th, 2009 (Figures 3.19 and Bdefforts
were un@rway to expose bedrock for the buttress foundation (Sheets, 28i1igugh
groundwater was not observed within the graben formed by the Challenger antiu@regults,

signs of groundwater were observed on the footwall of the Challenger Fault (20&éjs,
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Figure 3.18 View looking approximately east a area of instability south of the Nine Points slide
in early September 2009 (Sheets, 2011).
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Figure3.19 View looking approximately east at the Octobet, PO09 failure (Sheets, 2011)

3.4.4 December 24, 2009 Failure

Following the April 2009 failure, movemeanf 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 gy be used to slope the head scarp from the crest into the slide mass (Sheets,
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2013). The ultimate plan was tos®pe the slide mass to a more stable geometry and construct
a buttress that would be founded on bedrock (Sheets, 2013).

By December 209, final sloping activities were underway and appeared to be going as
expected (Sheets, 2011). Howevertlmmmorning oDecember 24, 2009, approximately 1.5
million tons of Carlin Formation failed catastrophicadhthin 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 ahe 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 Decebyrer 2009 failure was distinct in that: (1) brittle failure behavior had only
previously been observed at the one or-beach scale and (2) previous slides typically
exhibited observable and/or measureable movement weeks or months prior to complete failure

(Sheets, 2011).

.....

e

2009 Nine-Points Slope Failu / ™
Figure 3.21 View Iooking east showing conditions at Gold Quarry on March 2010 (Yang et al.,
2011).
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CHAPTER 4
PREVIOUS WORK

Available previous work regarding the Carlin Forroatin the general vicinity of Gold
Quarryprimarily consists of three varieties: (1) published articles in geological, geotechnical,
and mining publicaons (2) boring logs describing materials encountered during drilling for
geologicalgeotechnical investigations or during installation of piezometers/dewatering wells,
and (3) geotechnical reports prepared by or for the Newmont Mining Corporation samgari
results from laboratory testing of Carlin Formation samples, slope stability analyses, and/or
subsurface geotechnical investigations.

These works have been performed by numerousesnincludingNewmont Miring
Corp. (19882012), GoldeAssociateg19902002) Knight Piésold Ltd. (2012011), Call &
Nicholas, Inc. (2002012), 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 devagbment of the Gold Quarry mine progressed or in response to slope instabilities
within the Carlin Formation. Reports by Zonge, Inc. (22012) vary slightly in that they
presemthe geophysical findings @ontrolled Source Audio Frequency Magnetotetiuri
(CSAMT) and gravity surveys.

Historically significant, is Kuiper (1998) wheeenew model of the Carlin Formation was
presented which subdivided the Carlin Formation intgsdgunits based on lithology (Figure
4.1). Although that degree of detail proved difficult to consistently apply throughoentirety
of the pit due to the Carlindcfr mat i on 6 s eawtmarerelatirg and dessriptions from

thatmodel are still used to this day.
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Carlin Formation Unit Descriptions

Qcol

Tdf

Tums

Tuss

Tuat

Tmms

Tmt

Tgvs

Tem

TIlt
Tlgs

Tbt

Tbre

Colluvium
Light brown poorly comsolidated fine sands with <80% gravel fragments
and no volcanic clasts. Located west of the Grey Fault.
Thgickness, B0-175

Debris Flow

Yellowish brown, massive, induated, commonly calcareous, matrix—supported,
angular gravels. Located east of Grey Fault. Thickness, 100-200

Massive Sands

Yellowish brown indurated glass and lithic silts and sands. Includes gravel
lenses. Mostly found east of Grey Fault. Thickness, 50-150

Upper Silts and Sands

Pale brown silts with interbedded loose sands and indurated tuff.
Thickness, 5H0=100

Upper Tuff

Grey to olive sand-size glass shard with ripple laminated interbedded white
tuff;"zebra unit”. Typically hes silty swelling white tuff at top. Thickness, 20-100

Middle Massive Sands
Yellowish brown glass and lithic sands. Thickness, 1-30

Middle Tuff
Light brown and moderate orange pink interbedded indurated tuff. Finely
ripple laminated silts and fine sands east of the Grey. More massive
west of the Grey. Thickness, 50-125

Gravely Sands
Yellowish brewn coarse, loose and indurated sands with angular
gravel clasts. Thickness, 1-30

Clayey Silts
White, yellowish grey, pink, swelling lacusterine silts and pale yellowish
brown plastic silts. Thickness 1-40

Lower Laminated Tuff
Same as Tut. Thickness, 80-125

Lower GlBBE‘y Sand Grey to olive massive glassy sand. Thickness, 1-70

Basal Tuff

Greenish yellow to greyish greem fine sand to silt—size waxy tuff with
occasional gravel clasts. Commonly silicified west of the Grey. Thickness, 40-60

Basal Reduced Clay
Dusky red and green swelling clay with occasional gravel lemses,
Thicknesa, 30=70

Graben Gravel
Gravels at the base of the Hewettite fault.
Thickness, 100

Figure 4.1 Stratigaphic column showing Kuiper (1998) 14 unit subdivision of the Carlin

Formation (Golder, 2002).
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In this stratigraphic column, the Carlin Formation-suiits are described from lower to upper as
(Kuiper, 1998):
i1 Tertiary Graben Gravel (Tggvl) The Tggvl uni 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 G12C(53595 ft. interval)howing the Tggvl unit
(Newmont, 2006).

9 Tertiary Basal Reduce@lay (Tbrc)i The Tbrc unit consists of a dusky red and green

swelling clay with a thickness of 3 ft. (321 m) and occasional gravel lenses (Figure

4.3).

(a)
Figure 4.3 Photographs of: (a) dusky red Tbrc in core from-&4 (6509609.8 ft. interval) and
(b) green Tbrc in GTE@8 (340342 ft. interval) (Newmont, 2006 and Newmont. 2010b).
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1 Tertiary Basal Tuff (Tbt) The Tbt unit is compsed of greenish yellow to greyish green
fine sand to silsize waxy tuff with a thickness of 4D ft. (1218 m) (Figure 4.4). The

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

Fault.

Figure 4.4 Photograph abre from GTC7 (402403 ft. interval) showing the Thbt unit
(Newmont, 2006).

9 Tertiary Lower Glassy Sands (TIgsYhe Tlgs unit consists of massive glassy sands that

are grey to olive in color. The unit has a thickness0d 1t. (0.321 m) (Figure 4.5)

Figure 4.5 Photograph of core from GICT (463464 ft. interval) showing the TIgs unit
(Newmont, 2006).
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9 Tertiary Lower Laminated Tuff (TIIt) 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. (1838 m) (Figure 4.6) and commonly has silty swelling white tuff at the top of
unit. ThisunitisoneoftwoCani For mati on units commonl vy r e

uni t o.
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Figure 4.6 Photograph of core from GTI@ (450458 ft. interval) showing the TIIt unit
(Newmont, 2006).

91 Tertiary Clayey Silts (Tcm) The Tcm unit consists of white, yellowish grey, and pink
swdling lacustrine silts, as well as pale yellowish brown plastic silts with a thickness of

1-40 ft. (0.312 m) (Figure 4.7).

Figure 4.7 Photograph of core from GHA8 (515 525 ft.) showing the Tcm unit (Newmont,
2009).
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