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Abstract

The Hycroft goldsilver mine is a low sulfidation epithermiabt springdeposit
located 55miles west of Winnemucca, NV netlire Blackrock desert. It is located in the
historic Sulphurdistrict whi ch has had mining on and off
was the main commodity initially, with the later discovery and mining of silver, alunite,
and mercury through the first half of the™2@entury. Gold wasliscovered in the district
in 1974 bythe Duvall Corporation. The first gold mining and recovery by heap leach was
conducted in 1983 by Standard Slag. Allied Nevadquired the property in 20G8hd
discoveredhe Vortex zone through induced polation and resistivity surveys

The oldestrocks in the region are theerman Happy CreekVolcanic Series.
These areoverlain by the Auld Lang SynG&roup of metamorphoseargillaceous to
sandysedimentary rockTertiary volcanic and volcaniclastiiocksoverlie the basement
rocks Theregion undewrentfolding and regional metamorphisim the Jurassicin the
Late Cenozoicextension was the primary tectonic movement giving rise to the
development of normdaults in the basin and range province.

The Auld Lang Syneocks make upghe basemenin the Vortex area and are
mostly in fault contact with overlying Kamma Mountains volcanic apttaniclastic
rocks Previously undifferentiatedhe Kamma Mountains rocksnsists from bottom to
top, of (1)a lower flowrbanded rhyolite (2) ashfall andlithic-rich tuffs, (3) a massive
rhyolite flow, and (4), aclastto-matrix-supported angular clastic unithe youngest
Tertiary unit is theSulphurrocks which consist only ofa rounded to subangular clast
matrix-supported conglomeratm the Vortex area The upper parts of the Kamma

Mountains and the Sulphur roclkse lithified only where hydrothermglaltered. All



rocks are cuby a series of northortheasstriking normal faults, the most important of
which is the East fault.

Hydrothermal alteationin the Vortex zone is extensiendfocusedn layers due
to thehigh permeability of mostock types. There are five types of alteration. An argillic
alteration made up of kaolinite + smectite + anhedral quartz + sericite + marcasite +
pyrite domindes the deposifrgillic alteration is distinctly zoned frorfower, kaolinite-
dominated levels to upper smectiteminated levelsArgillic alteration has been dated to
4.0 £ 0.1 Ma. Argillic alteration interfingess with propylitic alteration that consists of
chalcedony + chlorite + pyrite + sericite + smectite + marcasite + carbaratesccurs
in veinlets and flooded into groundmas$dicic alteration that consists of chalcedony +
granular quartz + pyrite + marcasite + seriédemed above propylitic alteration in the
middle part of the Kamma Mountains rock3pal or chalcedony+ adularia +pyrite
alterationlocally occurs above the smectite alteratidularia from thisalteration has
been dated to 3.8 =+ 0.09 Mateamheatedacid-sulfate alteratiorverprints all alteration
types at the top of the systeMost elementsexcept immobile elements were leached
and native sulfur added to thgpperpart of the steamheatedzone Alunite from this
alteration type has been dated t4 2 0.1 Ma.The lower @rt is silicacemented and has

accumulagdiron oxides leached from the upperp

Paragenetic study shows that pervasive hydrothermal alteration occurred early in
the system. Pervasive argillic alteration was overprinted withyptiogn the lower parts
of the deposit, then silicic in the middle portion, then dpadlulariaand acid leach in the

upper portions. This was followed by several events of brecciation and veining. Silver



mineralization occurs late in brecciation eveatsd locally in veinsas pyrargyrite,
proustite, tennantitéetrahedrite, and acanthite.

Geochemistry in the zone shows some typical epithermal zonation. Mercury and
antimony show classical volatile zonation, occurring in the upper portions of thensyste
Arsenic appears to have reverse zoning with higher levels lower in the system, due to
inclusion in silver sulfosalts rather than in arsenic sulfides. The base metals occur at very
low levels overall and do not show clear zonatiexcept copper, whichals a bimodal
zonation with a horizon of copper occurring in chalcopyrite lower in the system, and one
occurring in tennantitéetrahedrite higher in the syste@orrelation of elements shows
that gold and silver mineralizaticare commonlyassociated with arsenic, selenium, and

antimony deposition, though this is variable throughout different levels of the system.

The volcanic rocks in the system were likely deposited between 28 and ~16 Ma
and cu by Basin and Range normal faulting at around 16 Ma. Normal faulting created the
necessary conditions to form the volcaniclastic @athel @nglomerates near the top of
the deposit. Hydrothermal alteratidsegan around 4 Ma anlithified these rocks,
parially sealing the system. Thisdeto the widespread creation of breccia dikes which
roughly coincide with the boundary between the upper rhyolite and volcaniclastic units.
Precious metal mineralization occurred in these breccia dikes and later veining.
Hydrothermal activity continued after precious metal deposition with late overprints of

acid leach.



Acknowledgements

| would like to thank all of those who have helped me along the way in my
education, but in particular those who played a direct rolkisnthesis. Special thanks to
Dr. Tommy Thompson for accepting me into the CREG program and mentoring me both
in classes and through numerous questions about how to proceed with this thesis. Thanks
to Dr. Chris Henryfor the immeasurable help in not ordgntent editing, but in helping
to make this document more concise. Thanks also gbhtom Sealfor the outside
perspective he was able to give on what would be interesting information to know about

this system metallurgically.

Special thanks must alsgo out to the fine folks at Allied Nevada Gold for

financial support and who were instrumental in helping me unaerdtaw to proceed

with, up to this point, has beehe most daunting undertakiog my career. Dave Flint in
particular was always willingo take time out of his busy schedule whenever he could.
Don Harris was also very helpful in getting me the information | needed to keep the work
moving forward. There were also some very helpful people at the Hycroft mine | would
like to mention by nameMatt Hoffer for taking the time to show me around and help
familiarize me with my study area, and Jeff Spence for taking the time to help familiarize
me with the different rock types and alteration, as well as all the other mine geologists

and geoteahicians

Lastly this page would not be complete without thanks given to my lovely wife
Crystal for her continual support and undying optimism that | could accomplish my

goals.



Table of Contents

Abstract

Acknowledgements

Table of Contents

List of Tables

List of Figures

Introduction
Purpose
Location
History
Previous Work
Methodology

Regpnal Setting
Regional Lithology
Regiaal Structure

Deposit Geology

Methods

Cross Section Descriptions

Lithologic Unit Descriptions
Auld Lang Syne Formation
Kamma Mountains Group
Sulphur Group

Deposit Structure

Alteration

Methods

Distribution

Assemblge Descriptions
Argillic
Propylitic
Silicic
Opd i Adularia
Acid Leach

VI

VIl

H
O~N®O® ~NOoORRRER

12
12
15
20
20
21
29
29

32
32
32
40
40
43
45
47
49



Paragenesis
Hydrothermal Alteration
Brecciation
Veining
Early Veins
QuartzAdularia
Iron Sulfide-Quartz
Banded Quarthalceadny
Bladed Calte
Intermediate Veins
Drusy QuartzChalcedony
Coarse Alunite
Late Veins
Quartz afteBladed Carbonate
Fine Grained Alunite
Thin Chalcedony

Geochemistry
Zonation
Volatiles
Precious Metals
Bax Metals
Correlation

Formation Model, Discussion, and Futuren/
Summary
Discussion
Future Work

References

Vi

51
51
58
63
64
64
64
69
69
70
70
70
72
72
69
74

75
75
76
81
85
90

95
100
101
102

104



List of Tables
Table
1. Analysis of Whole Rock anREE fromRhyolite
List of Figures
Figure
1. Location Map of Hycroft Property
2. Location Map of Vortex Zoe within Hycroft
3. Photograph of Historic Working in Silver Camel Hil
4. IP SurveyMap of Vortex
5. Simplified RegionalGeology Map
6. Geologic Map of Vortexone
7. Section AA 0
8. Section BB 6
9. Section GC 6
10.  Section DDo
11.  Core Box Photograph of Auld Lang Syne Formation
12.  Stratigraphic column of Kamma Mountains Group
13. Core Box Photograph of Band&tyolite
14.  Photograph oRhyolite at Suface
15. Core Box Photograph of Unalterg@lcaniclastis
16.  Chondrite Normalized REE plot of RhyaiFlows
17.  TAS Diagram of Unaltered Rlojite
18.  Photograph of slickenlines from East Fault

19.  Alteration Map of Vatex

Vil

Page
28

Page

13
14
16
18
19
21
22
23
24
25
25
27
31
33



20.
21.
22,
23.
24,
25,
26.
27.
28.
29.
30.
3L
32
33
34.
35
36.
37.
38.
39.
40.
41.
42.

43.

Paragenetic Diagram of Hydrothermal Alteration
SectionAA6 Hydr ot fatom mal Al t e
SectionBBO6 Hydr ot tatmm mal Al t e
SectionCCO6 Hydr ot ftatmm mal Al t e
SectionDD6 Hydr ot fatom mal Al t e
Photomicrographsf@rgillic Alteration Assemblage
Photomicrographs of Propylitic Alteration #emblage
Photomicrographs of Silicic Alteration Assemblage

Core Box Photograph of Pervasivéi&tc Al teration
Photographs of OpalAdulariaAlteration

Photographs of Acid Leach Alation

Paragenetic Diagram of Hydrothermairidrals
Photomicrograph Showing Argillic Alteration Rayenesis
Photomicrograph Showing Marcasite in Argillict&tation
Photomicrograph Showing Galena, Marcasite, and Pyrehotit
Photomicrograph Showing Euhedral Pyrite in Argillittekation
Photomicrograph Showing Paragenesis of PropylitierAtion
Photomicrograph Showing Paragenesis of PropylitierAtion
Photomicrograph Showing Paragenesis of Silicierstion
Photograph Showing Paragenesis of Sulfur idAe&ach
AnnotatedPhotograph of Core Sampld B/-406
AnnotatedPhotograph of Core Sample731092
Photomicrograph of Paragenesis in@&ia #1

Photomicrograph of Pyrite and Marcasite in Breddia

viii

34
35
36
38
39
41
42
44
45
46
48
52
54
54
55
55
56
56
57
57
60
60
61
61



44,
45,
46.
47.
48
49,
50.
51
52,
53

55.
56.
57.
58.
59.
60.
61
62.
63.
64.
65.
66.
67.

Photomicrograph of Paragenesis in &ia #2
Photomicrograph of Pyrargyrite and Pyrite ireBeia #2
Photomicrograph of Quar&dularia Vein

Photomicrograph of AdulariBhombs in QuartAdularia Vein
Photomicrograph of Marcasi@uart Vein

Photomicrograph of Drusy Quartz on Quattaalcedony Vein Margin
Photomicrograph of Pyrite Aggregates in k8dfide Quartz Vein
Photomicrograph of Previous FOMth Crossed Polars
Photomicrograph of Bided Calcite Vein

Photomicrograph of Tenntte-Tetrahedrite in Vug
Photomicrograph of GoseAlunite Vein

Photomicrograph oProustite in Vug

Photomicrograph of ChatédonyAlunite Vein
Photomicrograph of Acanthite in CleadonyAlunite Vein
Anomalous Occurrences ofrgenic m Sections

Distribution of Arsenic Vlues within Vortex

Anomalous Occurrences of MercWylues on Sections
Distribution of Mercury Véues within Vortex

Anomalous Occurrences of Amtony on Sections
Distribution of Antimony Values within Vortex
Occurrences of Gold on Sections

Occurrence of Silver on Sections

Occurrencesf Au Equivalen Values on Sections

Ag:Au in High Grade Zoe on Section AA 6

62
62
65
65
66

67
67
68
68
71
71
73
73
78
78
79
79
80
80
82
83
84

84



68.
69.
70.
71
72,
73.
74.
75.
76.
77,
78.

79.

Anomalous Occurrences of Coppélues on Sections
Distribution of Copper Vales within Vortex

Anomalous Occurrences bead on Sections

Distribution of Lead Vales within Vortex

Anomalous Occurrences gfnc on Sections

Distribution of Zinc Vales within Vortex

Correlation Matrixes of GeochemigtData from Sectioi\-A 6
Early FormatiorModel of Vortex

Model of Beginning of Hydrothermal Alteration within Vortex
Model of Later Formational Presses within Vortex
Sunmary Diagram

Schematic Cross Section of H&pring Type Deposit

86
86
87
87
88
88
91-92
96
97
98
100

102



Chapter 1: Introduction

Purpose

This study is beingonductedo characterie the lithology, structure, alteration,
mineralization, and geochemistry of the Vortex zone of the Hycroft rtireehoped that
the knowledge gained will be of use the future mining of Vortex.exploration
throughout the Hycroft mining propertgndto the general knowledge of low sulfidation

hot-spring type epithermal deposits.

Location

The Hycroft deposit lies within the Basin and Range physiographic province of
northwestern Nevada, approximately 55 miles west of the town of Winnemucca along
Nevadh Stae Route 49 (Jungo Road) nehe Blackrock desert next to the now defunct
town of Sulphur(Fig. 1). The Vortex zone is located at the southern extent of active
mining within the Hycroft property between and south of the Brimstand South

Central pits(Fig. 2).

History

The earliest recorded mining in the
following the discovery of significant native sulfur depog@®uch et al., 1943Native
sulfur wasminedsporadially throughout the early 1900s with the last sigaifit episode
of mining during the 195090ver 180,000 tons of ore were mined and processed with an

average grade of about-38% sulfur(McLean, 1991)The district received a lost in
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productionfrom the discovery in 1908 of nearpure seams of cerangte (AgCl) plus
alunite. These werdound in the area presentigferred toas the Silver CamédFig. 3).
Assays up to 117.9 kg/t Ag and 12.4 g/t Au were repdidedes,1921) Silver mining
ceased by 191%ith a total estimated production of 5,670 kg A¢ganderburg, 1938)
During World War 1, three 1.8 2.4 m wide veins of nearly pure alunite were mined in
the southern part of the Sulphdistrict (Clark, 1918) In 1931 several hundred tons of
alunite were mined and sold as a soil additf@nith, 1932) From 1941 to 1943,

cinnabar was mined with total mercury production from timge estimated to have

reached 862 k{McLean, 1991)

Figure3: Historic workings in Silver Camel Hill



In 1966, the Great American Company began extensive exploration for native
sulfur. Approximately 200 shallow holes were drilled and numerous trenches dug
(Friberg, 1980)In 1974, Duval Corporation drilled 18 holes on the priypi search of
a Frasckype sulfur deposifwWallace, 198Q)Duval Corporation found no evidence for a
sulfur deposit at depthbut did report elevated Au and Ag values. In 1977, Cordex
Syndicaterecognizedhe potential for a large tonnage, l@rade precious metal deposit
based on mapping and rock chip samplintp 1978, Homestake Mining Company
became interested in the property becaussiroflarities with the McLaughlin hegpring
deposit in CaliforniaNumerous surface samples were collected and 112 holes were
drilled, but the option was dropped because of low grades and limited @xtidrarg,

1980)

In 1983, Standard Slag @mpany acquired the Lewis part the North Pitwhich
contained 1.2 million tonnes at 1.20 g/t Alista acquired the Crofoot claims in 1985.
Discovery of the Crofoot deposit byista in 1985 was followed by development and
construction in 1986 and 1987. The Lewis Mine was acquired from Standard Slag
Company byistain 1986(Ebert, 1995)In 1998, mining was suspended due to low gold
prices. In May 2007,he Nevada based holdings of Vista were spun out inliedA
Nevada GoldCorporation which reopened the mine in November 20(8int et al.,

2012)

Indication d the Vortex zone was it recognizedn 2007 through an induced
polarization/resistivitygeophysical survegFig. 4) (Wright, 2007) Drilling, commencing

in 2008 with10 holes and continuirtprough early 201,2dentifiedan oxide resource



CHARGEABILITY (msec/ Cl = 1.0)

Figure4: IP aurveyresults ofVortex (Modified from Wright, 2007.
depths of 500 feet arslilfide mineralizatiorto depths of 2500 feet (Flint et al., 2009).

Previous Work

The most prominerpiublished work on Hycrofs a doctoral dissertation by Ebert
(1995) and derivativepapersthat focus on the effectsf paleoclimateon the deposit
(Ebert and Rye, 1995) anoh the geology and alteration (Ebert, Groves, and Jones,
1996) Wallace (19804escribed the geology of the Sulphur district. Several unpublished
companyreports describealterdion, vein petrology, lithology, mineralogy including

XRD/XRF analysisandgeology of the southern pat the deposit.



Methodology

Field work for my studywas carried out between May and August 2@h2l
began witha field geologicmap of the studyarea. Because most of thielfl area is
covered withalluvium, this map was combined with a stdop map created from drill
hole data The combined data give a better picture of rock tyged alterationFour
diamond drill core holesvere reloggedo famiiarize the author with the geology and
alteration of the deposit and to collect samples thin/polished section workCore
photos wereused to complete four cross sections through the defpoditicumentthe
geology, structure, alteration, and mineratiian of the Vortex zone. From September
2012 work focused on the laboratory analyseeluding thin and polished section
petrographic desgtions offorty sevensectionsandgeochemical correlation of elements

and theirzonation within the deposit.



Chapter 2: Regional Setting
Regional Lithology

The oldest exposed rocks in the regaye the Happy Creek volcanic ser{és.
5), which consisbf an intrusiveextrusive complex of basaltic andesite, andesite,tdiori
and quartz diorite dikedavas, and flow brecciasThese rocks, which are probably
Permianbased on overlying rockbatcontainPermianfusulinids(Sherlock, 1989)make
up mostof the northern half of the Jackson Mountaifke volcanic rocks of thigroup
are massivand lackprimary structureso determne attitude Therefore, it is difficultto
determine cordrmity with overlying units(Willden, 1964) UndifferentiatedPermian to
Triassicmetavolcanic and metasedimentary roaksocrop out in the Jacksdviountains

north of the propertyEbert, 1995)

The Auld Lang Syne Groupverliesthe Happy Creek volcanic seriékhis group
is up to 25,000 feet thiclkand laterally extensiveput is muchthinner in the area
surrounding the deposiThe Auld Land Synéroup consistof nine formationsthat
constitutea continuous succession of variably metamorphosed, interlensing, argillaceous
and sandy strat@Burke et al.,1973), mostlyphyllite, slate, metasiltstone, fine grained
guartzite, and local hornfel&Ebert, 1995) Limestone and dolostoneecrystallized to

calcite and dolomite, respectivebre also present within the gro(Burke etal., 1973).

Cretaceous granodiorite crops artratically throughout the map aredypical
outcrops are round and hummocky on mountainsides, or rugged and bluff like near the
crests of the high ranges. The outcrops on the lower relgefsahave a thoroughly

weathered rind about 6 inches thick. A sample from an outcrop to theoesiseast of
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Figure5: Simplified regionalgeologicmapmodified from Willden (1964andJohnson
(2977)
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the mine site(see Fig. 5 for locationpas K-Ar ages of 94.23.9 Ma (biotite) and

97.5+6.3 Maltornblende)Smithet al, 1971)

Tertiary rocksconsisting of vécanic and intrusive rocks ranging from olivine
basalt to rhyolite as well aBesh water sedimentary rocks including conglomerate,
sandstonesiltstone, shale, tuff, and diatomire abundant throughout the region.
Tertiaryolivine basalts are common throughout the aaed are considered to be related
to Basin and Range faultingbert, 1995) Of the felsic volcanic rocks in the area, the
lava flows tend tdiave highesilica contentand are classified in the rhyolite and quartz
latite fields, while the tuffs are dacites and rhyodacites with less conguartz latites
(Willden, 1964) Tertiary rhyolites in the areahave KAr dates from 28 to 12Ma

(Johnson, 1977)

Quaternary rocks consist mainly of alluvium and colluvium shed from the local
mountain ranges, buacustrinesedimers from prehistoric Lake Lahontan occuphe

Black Rock DesertEbert, 1995)

Regional Structure

Two majorepisodes of deformation hawadfected the rocks of the Sulphur area
(Willden, 1964) PreTertiary rocks underwent lowgrade regional metamorphism,
variably directed folding, and thrust faulting during the Jurassic(?) Nevadan Orogeny.
This deformation preceded emplacementh& granodioritewhich is believed to have
been emplaakas a result of this everBasin and Rnge extensiors manifest byhigh

angle rangefront normal faults with sulparallel stepoff structures that flatten at depth
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(Willden, 1964) Basin and Rangfaulting is believed to havetarted in the region about
16 Ma as evidenced by dates taken from basalts associatedhwitrarliestfaults and

continues through todgyohnson, 1977)
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Chapter 3: Geologyof the Vortex Zone

Previousstudies divided the rocks inthreemain groups: theJurassic Auld Lang
Syne Group which occurs only in th subsurfacethe exposed,informally named
Tertiary Kamma Mountainggroup and theexposed,informally named Tertiary to
PleistoceneSulphur goup (Ebert, 1995) While previous reports havdescribée these
units (Wallace, 1980, Ebert, 1995his study is the firsto differentiate the uts within
the Kamma Mountaingroup. Some help was derived from unpublished internal reports
meant to aid in core logging.he gudiesfor this reportinclude polished thin section
work and geochemistryThe geochemistry work for this studhycluded whole rock, and
rare earth element alysis for the purpose of correlating surface units with those that had
been dropped due to faulting and subsequently hydrothermally altérisdsection of the
report will start with a descrifpn of the field work including generatiaf the mags and
cross sectiondpllowed by descriptions dahe lithologic unitsfollowed by a discussion

of thestructual geology

Methods

The combined outcrop/subcrop map produced from field work is showigune
6. Most outcropsare found in the Kamma Mountains, east of the Vortex ore zone, with
local outcrops found in road cuts and gulchdse majority of the map area e®vered
with colluvium. In order to fill in the information gathered from field mapping, core
photographs fronevery diamond drill hole within the map area were observed. The first
occurrence of solid rock was plotted e map. Once all this information was recorded,

outlines were drawn arodn  the different lithologic units.
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Geologic Map of Vortex
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Figure6: Geologic combined oatop/subcrop map of Vortex area
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|:| Quaternary Alluvium - QAL

|:| Camel Conglomerate - Tcc

I Transitional TvC TCC
Volcaniclastic - Tvc
Rhyolite - TR

Lithic Tuff - TTL

—  Drill Hole Trace Ash Fall Tuff - Tta

== Faults Banded Rhyolite - TRB

Undifferentiated Kamma
Mountains Group - TKM

Auld Lang Syne - JALS

Figure7: A-A' Cross Section with lithologic units controlled from drill holESee Fig. 6
for location of cross section.)
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After a geologic map of the area was created, cross seatiere generatedhis
began with logging of foucore holes 3502, 34773475 and 3408 that align along
sectionA-A 6 Core box photographs were utilized to fill in the rest of the information
along the sectionFour sections were completed using this methodology from the
northern portions of Vortex througb the south in order to determine how the geology

changed throughout the zone.

Samples were taken frothe rhyolite flows of the Kamma Mountains Group for
whole rock and rare earth element analysis. These were delivered to ALS Chemex in
Reno, NV where they underwent sample preparation of crushing and dividing before
being sent to Vancouver, BC for whole rock geochemistry mmd earth element
analysis. Fivesamples were sent including one sample of rhyolite from the surface east of
the East &ult whichis labeled on the subcrop/surface lithologic ngjg. 6) as RY-3,
and foursamples were taken from core. The core samples are listed with hole number and

footage as sample numbers so that sample location can be found on cross. sections

Cross Section Descriptions

The first section completed wasMdFig. 7). This section showed the continued
presence of similar rocks to those that were found in the Kamma Mounftamsgh it
was evident that the rhyolite flows had been dalkopped, there was not enough control
to determine the amount of displacemafthat dso became apparent was the presence of
a series of suparallelnormal faults with lesser offset than the East fault. These faults

have been recognized in previous works, and are named from east to west the Fire,
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|:| Quaternary Alluvium - QAL
|:| Camel Conglomerate - Tcc

I Transitional TVC TCC
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B0 0O 0N
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Figure8: B-B' Cross Section with litHogic units controlled by drill hole¢See Fig. 6 for
location of the cross section.)
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Albert, and Break faults.

Geometry of lithologic units with this section was relatively tightly controlled
with drilling. The upper rhyolite flow (Tr) dips west. Thigyolite also thins towards the
west, possibly showing the lateral extent of this unit. The wedge shape also indicates a
source for this flow somewhere to the east of the mine site. The lower banded rhyolite
(Trb) is truncated by the East fault, so exaebmetry cannot be determined. The
volcaniclastic(Tvc) unit does not exist east of the East fault and appears to thin with
distance fronthe Kamma Mountains. This geometry suggests that this unit is an alluvial
clasticunit shed off the Kamma MountainBhe Camel Conglomerate (Tcc) occurs only

in the western half of the section and thickens toward the west.

The next section to the south,E8B6  (8Fwagcreated suparallelto AAG . Thi s
sectionrevealed very similalithologic unitgeometries to thosevealed by AA 6What
is unique about this section tise geometry of the East fault, which decreases dip from
65° above ~1000 feet #W5° below. Offsets on the Fire and Albert fault were also less
pronounced than in the northern zone. The same gentle thip west and thinning of the

rhyolite section are apparent.

This section also shows the first appearaote@n asHall tuff unit. This unit
appears towards the west and between the uppelitehgnd lower rhyolite/lithierich
tuff. This unitis lessthan 50 feet thick, but has a lateral extent of at least 300 feet within

this section.

The next sectiontothesouthhyGC6 ( Fi g. 9), wadleltaths o cr ea
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CI

l:l Quaternary Alluvium - QAL
[ ] camel Conglomerate - Tcc

I Transitional TVC TCC
B Vvolcaniclastic- Tvc
I Rhyolite - TR

I Lithic Tuff-TTL

[ Ash Fall Tuff - TTA

—  Drill Hole Trace [] Banded Rhyolite - TRB

== Faults . Undifferentiated Kamma
Mountains Group - Tkm

Il Auld Lang Syne - JaLs

Figure9: C-C' Cross Section with lithologic units controlled by drill hol&ee Fig. 6 for
location of the cross section).
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|:| Quaternary Alluvium - QaL
[ | camel Conglomerate - Tcc
I Transitional TVC TCC

I Volcaniclastic - Tvc

I Rhyolite - TR

Il Lithic Tuff- T

300

— [ Ash Fall Tuff-T1A
—  Drill Hole Trace [] Banded Rhyolite - Tra
== Faults Undifferentiated Kamma

(- Mountains Group - TKM
I Auld Lang Syne - JALS

Figurel0: D-D' Cross Section with lithologic units controlled by drill holg3ee Fig. 6
for location of the cross section).
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first two sections. The shape of the East fault returns to the standard listric geometry seen
in the first section. The most notable difference between this and all other sedm®ns

the amount of brecciation observed with the Gore logging showed that thisit was
extensively brecciated along horizontal layers, which initially were confused with
interlayered rhyolite and lithic rich tuff. The askfall tuff also has a much broader
exposure within this section. Tipdacement is theame as in 8 6 , thickmgsss more

than300 feet and lateral extent is at least 1200 feet.

The final section, ED 6 ( B)iisf limited extentand at about a 45° angle to
previous sections, because dhitllesin the southern part of Vorteare sparse and align
alongthis trend The few drill holesmake interpretation of faultindifficult. The Fire
fault isprobably present in sectionrD6 a s | n lkdeimajar chardye ib glevation of
the top of the massive rhyolite between drill holes 4172 and 4118eoeasterpart of
the sectionDue tosmall change in elevation of the upper rhyolite between holes 4172
and 4138, it is interpreted that offset along the Albert fault ends somewhere between
secion GC6 and Déct iTdn sDsection doeswakfaoltt ext e

would be expected, so no interpretation is made heres @xtent.

Lithologic Unit Descriptions

Auld Lang Syne Group

In the area of this study, the Auld Lang Sydalg§ consists of black to gray finely
laminated argillite with abundatraphite giving sheen to cleavage planes (ER&). The

unit contains minor disseminated pyrite and localized 0.5 to 1cm veinlets of calcite +
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Figurell: Core lox photograph of Auld Lang Syne Formation

guartz+ pyrite of limited continuity. Although grades of up to 14 &g (Ebert, 1995)
have been reported in these veinlets, little to no hydrothermal alteration has taken place in
this unit. Where encountered by drilling, this umtin fault contact with the overlying
Kamma Mountains unit (Figs/-10). To the east of the mine, thisrdact is a simple

unconformity

Kamma Mountains Group

The Kamma Mountains group is a series of volcanicwacaniclasticunits (Fig.
12). The lowermost unit is a flow banded rhyol(ferb). Overlying the Trb are two tuff
units. The lower of these two units is a lithich tuff (Ttl) while the upper is an ashll

tuff (Tta). Above the tuff units is another rhyolite flow (Tr). This rhyslitas local flow
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Tre

Tvc — Volcaniclastic unit composed of 1-3” angular rhyolite clasts and
sediment shed from the Kamma Mountains. 250-700 feet thick

Tr — Massive rhyolite. Up to 400 feet thick.

Tta — Ash-Fall tuff. Up to 250 feet thick.

Ttl — Lithic Rich tuff. 100 to 500 feet thick.

Trb — Banded Rhyolite. At Least 600 feet thick, but truncated by faulting.

Figure 12: Stratigraphic column of Kamma Mountains Group
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Figurel3: Core box potograph of Banded Rhyolite

banding, and is highly jointed. The uppermost unit is/adcaniclastic unit (Tvc)

composed of rhyolite and sediment shed off the Kamma Mountains.

The oldest unit of the group is a fldwanded rhyoliteknown as the Trin mine
nomenclature, found in the western, and more dominantly in the soyiweraf Vortex
directly above the fdt contact with the ALS (FigsZ-10). The rock is characterized by
alternatinglight gray and graylow bands (Fig13) thatlocally haveasymmetricseveral
centimetes to meter scaléolds. Crystal content in this lava flow unit is very low (< 3%)
and onsists of euhedral sanidine and quartz. Sanidine has eagav&ze of 0 Amm.
Quartz phenocrysts occur wigimilar size to sanidineA smaller size rangef quartz
crystals withan average siz@. 1mm occurs in wispy accumulations associated with flow
banding.These are likely secondary, probably vapbase crystallizationThe matrix is
aphanitic with no visible pore space. Thisit is generally fractured with most fractures

parallel to flow banding with the remainder crossing banding at a wide chaggles.
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Immediately overlying the banded rhyolite is a groupudfistincluding lithicrich
tuff known as TTLanda unit of finely laminated astfiall with local interbeds of lithic
rich layersknown as TTA The most common of these is the lithich tuff. This unit is
nonwelded and contains from 1060% lithic fragmets of banded rhyolite and lesser
ALS fragments. Clasts range fréddmm up to 2cm and are angular to subroundiem.
pumice fragments were noted in this ufiihe askfall unit is notnoted in section AA 6
(Fig. 7), and is mosprominent in GC qFig. 10) It is finely laminateddark brown to

black ashthat appears in the southern portion of the zone

Figurel4: Rhyolite at surface showing highly jointed nature.
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Figurel5: Core BoxPhotograph of unaltered TVidom Hole 4186
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©  3389-2707 Altered TRB

" 3389-1951 Altered TR

¢ 33892234 Altered TRB

. 4186-1185 Less Altered TR

RY-3

Surface Sample TR

Tm b

Figurel6: Chondrite normalized plot for REE analysis of rhyolite samples from within
the Kamma Mountains uniSample numbers are hole number followed by footage for
location on cross sections. Ris a surface sample with location noted on field map.
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Overlying and locally interbedded with the tuff units is an upper rhyolite(Tnit
This unitis mostly massie with only local flow bandsThe crystal content of this unit is
the same as the flow banded unit with quartz >> sanidine with dissemiaagyeal
crystals and accumulations of smaller quartz in microscopic flow bands. Where found at
the surface, east tifie East fault, this unweathers to a medium brown, and is dark navy
blue onfresh surface. The unit is brittle (Fig. J4and highly jointed athe surface, which
is manifest at depth in core by a network of sergcigunite, marcasite and pyrite
filled veinlets. The uppermost unit of the Kamma Mountains Formation is a clastic
sedimentary unit referred to in mine terminology as the TerWatganiclasti¢ or TVC,
and isfound only west of the East fault. This unit is a clast matrixsupported
conglomerate of angular to subangular rhyolite, banded rhyolite, and minor ALS
fragments. The angularity of tmRyolite clasts in this unit appears to be due to the brittle
andjointed nature of the rhyolité~ig. 14) flows rather than an active brecciation event.
Clasts rangdrom a few mm up to 10+ cm sizZaut average -Bcm. No discernible
grading or sedimentary structures are present within this This unit is very poorly
sorted except in local interbeds of sand and silt that range from a few centimeters to a
meter in thickness and are more common towards the upper part of th@uisitle the
zoneof alte@tion, this unit is notemented ands highly porous with aeddishbrown,
silty-clay matrix (Fig. 15). Within the zone of hydrothermal alteration, this unit has a
light green to greenish gray illiemectite altered matrix more common in the upper parts

of the unit, and a silicified matrix more common in the loparts of the unit.
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The five rhyolite samples are plotted in Figuré.llit was also determined from
RY-3, which is the only sample that had not undergone extensive hydrothermal
alteration that these flows were indeed rhyolite of the subalkaline/tholiitic series (Le Bas,

1986) (Fig.17, Table L

Sulphur Group

The onlyunit present fom the Siphur group is the informally named Cagh
Conglomerate, abbreviated TG mine nomenclature, which overlies the TVC in the
western prt of the zone. This unit has gradational contact with the TVC. Within the
zone of gradationalontact, distinct beds of TV@re interlayered with distinct beds of
TCC. In addition intermediate horizonshow characteristics of both unit$he Camel
Conglomerate is a clasupported conglomerate with local matsipported interbeds.
Clastslocally comprise from 15 to 85% of the unit and range in size from medium sand
through 10 cm and an average size of 5 to 10 mm. Clasts tend to be moderately sorted
with localized grading from @wse to fine over the length of a meter of core and are
rounded to sbangular. Clasts are 50 to 80% ms&limentary with the remainder of
volcanic origin, mostly rhyolite with lesser dacites and basalt. me&sedimentary
fragments make up most of the smaller size fraction, and have a higher degree of

rounding while thevolcanic derived fragments are larger and more angular.

DepositStructure

The main structures in the area areseries of suparallel, north to norheast

striking, steeplywestwarddipping normal faults. The most prominent of these is the East
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fault which isthe only fault directly observed (Fig. 7), atié range bounding fault of the
Kamma Mountains.The main partof this fault extends north to northeast armd
indicated by drilling, the dip angle shallows with depth. Bileer northstriking faults
sole into theEast fault which is the maircontact between the ALS and the Kamma
Mountains Group. It is believed that this fault serves as the main conduit for ore fluids to
the Vortex areaThis normal fault separates the Kaa Mountains to the east from
alluvium on the west. This fault imanifested both as a linear divide of steep hillsides
from shallow alluvium, and as silicified fault goug@. small splay of this fault is noted

in the map area that traverses into the Hlat of the Kamma Mountains. This splay is
noted because of a fof silicified fault gougewhich resembles a dikbatwas measured
for strike, dip, and rakef fault striae (Fig. 18). This splastrikes northeast with a dip of
45 to 55°northwest and fault striaerake 65 to 75° to the southndicating dextral

movanent

As can be seen in the sections, the surfaces of the flow units in the Kamma
Mountains Group are irregular, which made exact placement and offset of the less
prominent faults in the area somewhat difficult. Attematsfind marker beds to aid
correlation of units were unsuccessfliherefore, the offsets shawn section (Figs. -7
10) arethe best interpretati@based on prewus work, alterationgeotemical and of
course, kinematic indicatons core logging.The less prominent normal faults in the area
from east to west are the Fire, Albert, and Break. Of these, the Fire iprooshent
with notable offsetinthe M 6 s gkig #). dhis is the only fault that has noted offset

through all four crossections. The Albert fault, the next fault to the wésts notable
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Kamma Mountains

offset in the northern three sections, but has no noticeable offset infthé D s eFg i o n
10), though it should be noted that the geology is not well constrémedgh drilling in

this sectionThe Break fault shows offset only in theAAd s e(Fig 7), lmunas will be
shown later significant geochemical indication is given for the aoméd existence of

this faultthroughto the southern portion of the zane
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Chapter 4: Alteration

Methods

The study of alteration within the &ftex zonestarted during the fielédeason
when cross sections showing the distribution of alteration were made. This was
accomplished by taking the alteration observed while logging core, comparing it to the
core photographs taken of the same holes logged to wehidy alteration looked like in
photograph, and then looking at the core photographs of the other holes that were used to

complete the four cross sections in the Vortex area.

A subcrop/outcrop alteration maff-ig. 19 was completedusing the same
techniqus as described in the previous section for the lithologic map. The same holes
that were used to create the geologic cross sections were used to create alteration sections

(Figs 21-24).

Alteration mineralogywas determinedrom 47 polished and thin sémhs of
samples collected while core logging. Samples were photographed, cut, tmaiked,
cataloged, andshipped to Spectrum Petrographics in Vancouver, WA for section
preparation. Five samples were determined to be in an oxide zone, and were @epared
standard thin sections. The rest were prepared as polished thin sections in order to
facilitate both transmitted and reflect light petrographievork. Slides were analyzed

and described between first receiving them in November, 2012 and J&Q8y

Distribution

Alteration within the Vortex zone is pervasive and tends to form in



Alteration Map of Vortex
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Figurel9: Alteration map of Vortex Areat the same stratigraphic level as

outcrop/subcrop map (Fig. 6).
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horizontal layers rather than halts faults This is believed to be due to the high
permeability of both the Tv@nd TCM host rockswvhich are both only lithified within

the zones ohydrothermal alteration. The most intense alteration occurs near fault zones,
where it is believed thdtydrothermafluids fed from lower levels of the system into the

higher levels.

Five types of alteratiomre present within the zond.isted in paragenetic order

(Fig. 20, these includd€l): an argillic alteration that is pervasive throughout the zone
with a distinct pnationfrom kaolinite dominant to smectite domina(®): a propylitic

zone of limited extent that occurs locally in the bandsgblite, rhyolite, and tuffef the
Kamma Mountains unit(3): a pervasive silicic alteration that follows fault zones, and is
present in the contact zone between the upper rhyolite and the lower TVC, extending
several tens of meters in to the TV@): an opal +adulariazone that has formed
blanket alteration near surfaicethe northern portions of the zqrand(5): a blanlet acid

leach alteration which includes the upper pervasively leached zone and a lower basal

zone where some of the elements leacheu ftee upper zone accumulate

Hydrothermal Alteration
Argillic —

Silicic —_—
Propylitic —
Opal = Adularia
Acid Leach —

Figure 20 Paragenetic diagram for hydrothermal alteration sequence. Thickness of lines
represents relative abundance.
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— Drill Hole Trace

EEE Faults

- Propylitic - Prop Opal Adularia - OA

- silicic - Sil
. Basal Acid Leach - BAL

Argillic: Kaolinite .
Dominant - Kao - Acid Leach - AL

Argillic: Smectite
Dominant - Sme

Figure2l: Alteration through crossection AA'. Lithology contacts are shown with
dashedines(see Fig.7).
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B B’

Drill Hole Trace

El Faults

. Propylitic - Prop Opal Adularia- OA

- silicic - Sil
. Basal Acid Leach - BAL

Argillic: Kaolinite .
- Acid Leach - AL

Dominant - Kao

Argillic: Smectite
Dominant - Sme

Figure22: Alteration of section BB'. Lithology contacts are shown with dashages
(seeFig. 8).
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Section AA 6 ( F)islpws th2 basic pattethat is followedthroughout much
of the zoneRock typeseens to be somewhat important in controlliagferation. Argillic
alteration occurs throughout the zone, except where overprinted by tatatiah types.
The dividing line between smectite dominant and kaolinite dominant types is roughly the
top of the massive rhyolite. This boundary coincides with silicic alteration. The upper
lobe of propylitic alteration occurs directly below the silialteration, with a lower lobe
coincident with top of the banded rhyolitd. second type of control on alteration is
elevation within the system rathéhan lithologic control This type includes opadl
adulariaand acid leach. The opaladulariaalteration occurs adepths from 150 to 300
feet withthicknesses reaching 450 feet. The acid leach alteration is in contact with the top
of the opali adulariaand continues to very near the surface, where covered by recent

alluvium.

The next se@bn tothe south, BB 6 ( B),ihgs.a sidilar alteration pattern te A
Ab. The most stri ki ngopaliiaflufagrwiichdsealsa absent h e
throughot the rest of the Vortex zondlthough paterns remain similarall alteration
types shiftto higher elevationsand higher stratigraphicallyThe boundary between
smectite and kaolinitedominant argillic alteration occurs around the middle of the TVC,
rather than the top of the massive rhyolite. The silicic alteration also occurs here, with a
significantly thicker blanket. This blanket reachesgteatest thicknessoincident with

the Fire fault.

The next seton to the south, @ 6  ( F),ihgs.simitaBalteration distribution to

the previous sections. The silicic alteration within this seasdhinner than the sections

ak
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Drill Hole Trace

_________ EEE Faults

- Propylitic - Prop Opal Adularia - OA

- silicic - sil
. Basal Acid Leach - BAL

Argillic: Kaolinite d h
Dominant - Kao . Acid Leach - AL

Argillic: Smectite
Dominant - Sme

Figure23: Alteration of Section €'. Lithologycontacts are shown with dashates
(seeFig. 9).
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300

&

— Drill Hole Trace

mm Faults

- Propylitic - Prop Opal Adularia - OA

- silicic - Sil
. Basal Acid Leach - BAL

Argillic: Kaolinite .
Dominant - Kao . Acid Leach - AL

Argillic: Smectite
Dominant - Sme

Figure24: Alteration of DD Section. Lithologycontacts are shown with dashetkes
(seeFig. 10).
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to the north, ands absent in the eastern paS8ilicic alteration dropssignificanty
between the Fire and Albert faults. Propylitic alteration is also less prevakém wiis

zone occurring onlyest of the Albert fault.

The final section, ED6 ( 2) spows a marked decrease in hydrothermal
alteration within Vortex. Bpylitic alterationis absent antbasal acid leach alteratias
restricted to the middle of the sectjargillic alteration only occurs to the midwapint
of the TVC. The limitedaulting in this section provided fewer conduits for hydrothermal

fluids than in other sections, contributing to less alteration.

Assemblage Descriptions

Argillic Alteration

The argillic alteratiorzone is a pervasive alteration to clays + anhedral quartz +
sericite + marcasite + pyrite ahlorite (Fig. 25). The clay minerals within this alteration
type are zoned with smectite the dominant clay above the contact with thd R\&Bd
kaolinite the dormant clay mineral beneath the contact. The rhyolite sections are altered
to kaolinite + anhedral, very fine grained (< 0.001mm) quartz that appears to have been
precipitated during the alteration process with fibrous and locally massive marcasite
overgromn by euhedral pyrite. Fractures locally have euhedral quartz up to 0.5mm
coating edges and are filled with very fine grained sericite with local blebs of marcasite.
In the tuff sequence, clasts have the same alteration as groundmass in rhyolite, but the
matrix also has abundant sericite. Pyrite dominates the sulfide assemblage in the matrix

here, while marcasite is more common in the clasts. The majority of the banded rhyolite,
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e’ i - T ey
Figure 25 Argillic alteration assemblage.
Photomicrographs frorSlide 34771859:

A-C, 347%704: DE A: Marcasite and
pyrite in a matrix of quartz and kaolinite.
0.85mm FOV Plane polarized and reflect
light. B: Same FOV with polarized light. C
Sericite in kaolinite with anhedral quartz.
0.43mmFOV. D: Smectite replacing
rhyolite clast. 0.85mm FOV. E: Chlorite
(center) in clays with euhedral
disseminated pyrite. Plane and reflected
light, 0.85mm FOV.
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Figure &: Propylitic alteration assemblag
Photomicrographs from slide 341830.
A: Pyrite with chlorite cut by sericite and
chalcedony. Plane polarized and reflecte
light, 0.43mm FOV. B: Same FOV
polarized light. C: Smectite in chalcedony
and chlorite. 0.85mm FO\D: Chlorite
with sericite and ltalcedony. 0.85mm
FOV. E: Marcasite in chlorite and
chalcedony. 0.85mm FOV.
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tuff sequence, and rhyolite are within this alteration type. Though not noted on cross
section, there is a thin band of argillic alteration that affects the rhyolite bounding the east
side of the Easftault. The upper zones where smectite is the dominantnalagral are
equivalent to the illitesmectite alteration classification of Ebert (1295he TVCand

TCM are the most commonlyffacted units by this alteration type. Rhyolite clasts are
altered to mottled 0.5mm smectite grains withi 15% disseminated rfie-grained
marcasite + fingrained reticulate textudesericite. Matrix consists of aggregatet
granular, subhedral quartz in fine grained smectite and sericite with disseminated pyrite.
lllite from an illite + quartz + pyrite altered felsic volcanicckowas**/**Ar dated in

Ebertdés study (1995) to 4.0 N 0.1 Ma.
Propylitic Alteration

Propylitic alteration is focused mostly in veins cutting through the lower portions
of the Kamma Mountains Group and consists of chalcedony, chlorite, sestogetite,
marcasite pyrite and trace amounts of carbonafEgy. 26). Locally, chlorite is found to
flood into wall rock, but tends to be very figeained and anhedral. A faint to dark green
color is associated with areas of propylitic alteration, bustaswvn in thin section,
smectite group clays are the most common mineral in these areas with only minor
chlorite. Propylitic alteration is most common in sectiorBBB a-@6d, Ci s present
A0, and ®dOBsenMheirre [Pr esent pelobes: omedndhe upperi n t \
portions of the TTL and lower portions of TR, and one inupperportions of the TRB
and lower portions of the TTL. These lobes pinch out towards the eastern part of the

Zone.
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Figure Z: Silicic alteration assemblage.
Photomicrographs frorB5021132 A-B,
35021357: C, 350838: D, and 3502
1035: E. A: Pyrite in chalcedony cut by
guartz. Plane polarized and reflected ligh
0.43mm FOV. B: Same FOV with
polarized light. C: Chalcedony andartz
around previously argillized clast. 0.85mi
FOV. D: Sericite between quartz grains.
0.43mm FOV. E: Marcasite in quartz.
Plane polarized and reflected light, 0.85n
FOV.
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Figure 28 Core box photograph froufrill hole 432€atfootage 12221232. This interval
has pervasive silicic alteration. Note the fragmental banded vein below the 1228 mark.
The interval from 1225 to 1230 assayed 0.174 opt Au and 1.843 opt Ag.

Silicic Alteration

Silica flooding is a common alteration assted with fault zones, breccias, and
the boundary between the TR and TVC. Silicified breccias occur on or near fault zones
and throughout the lower Kamma Mountains Group, but are rare in the upper portions of
the TVC. In most cases, clasts argyular to sbrounded and range in size from 0.5mm
to 20mm and are either altered to the argillic, smectite, or rarely propylitic assemblages.
These clasts are encapsulated in a matrix of chalcedonic to subhedral granular quartz
ranging in grain size from less tha®Dmm to 15mm. Pervasive silicic alteration is also

present as a blanket flooding and brecciated vein alteration type coinwittettie lower
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Figure 29 Photographs of Opa&lAdulariaalteration. A: Core photograph of tgai opal
T adulariaaltered T\C. B: Sodium cobaltinitritstaining showshatadulariais a late
alterationproductalongfractures andilling vugs. C: Vug on right side of previous
picture with late pyrite infill



47

portions of the TVC. In the pervasive zones this alteratamturs aschalcedony +
granular quartz + sericite + pyrite + marcasite in the maffig. 27 clasts are
incompletely replaced, and commonly are smectite altered. The brecciated vein zone
consists ofdiscontinuous banded veins up to 0.5m thick that have been brecciated.
Locally these brecciated veins have been encapsulated in the pervasive silica, but
commonly are thenly silica alteration in th@area and enveloped in argilladteration.

These fragmeted banded veins conamly host gold (k. 28). Not noted in the cross
sectionsis a five to ten met thick band of silicassociated with the East Fault. This
silicification is noted both in drill core, and as outcrops of resistant rock that have a dike

like appearanceropping out on the eastern splay of the East Fault.

Opal 1 Adularia Alteration

Opali adulariaalteration is preserdnly in the northermost part of the system
(Figs. 21, 23. Where present, this alteration type forms a pervasiaket of
silicification/adularia(Fig. 29. Mineralsfound within this alteration type include quartz
+ chalcedony +adularia + pyrite. Within the districtEbert (1995)also reportopal +
marcasite + stibnite + leucoxene and/or rutilighin this alteation type Ebert (1995)
also did extensive SEM work that revealed the matrix of opal +adulariaaltered
Camel Conglomerate and TVC consists dominantly of opal or chalcedony with between
15 and 50%adularia The presence of this alteration type wasficmed by staining of a

sample taken from hole 3502 at a depth of 503(fagt 29.
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Figure 30 Photographs of acid leach alteration. A: Moderately altered acid leach from
drill hole 3502 at 200 feet depth. Bcid leachalteration around historic mine portal near
East fault C: Core box photo of basal acid leacdititmimonite staining.



