University of Nevada, Reno

Petrography and Field Mapping of Eocendntrusions and Adjacent Breccia
Zones at the Scraper Springs Prospect, Elko County, Nevada

A thesis submitted in partial fulfillment of the
requirements for the degree Master of Science in
Geology

by
Bradford M Cantor

Dr. Tommy B.Thompson/Thesis Advisor

December, 2012



UNIVERSITY
OF NEVADA THE GRADUATE SCHOOL
RENO

We recommend that thbesisprepared under our supervision by
Bradford M Cantor
entitled

Petrography and Field Mapping of Eocene Intrusions and Adj&centia Zones
at the Scraper Springs Prospect, Elko County, Nevada

Be accepted in partial fulfilment of the
Requirements for the degree of

Master of Science in Geology

Tommy B. Thompson, Ph.D., Advisor
Christopher Henry, Ph.D., Committee Member
Victor Vasquez, Ph.D., Committee Member

Marsha H. Read, Ph.D., Associate Dean, Graduate School

December, 2012



Abstract

The Scraper Springs project, held by Cordilleran Exploration Inc. (Cordex), is a multi
target prospect located in northwestern Elko, County, Nevada, approximately 8 miles northeast
of the Midas district. Regionally, the property can be considered taldng trendwith the
northernamost projection of the Carlimend, approximately 25 miles north of the Dee/Rossi area.
The eastern limit of Northern Nevada Rift (NNR) is also considered to border the western
margin of the Scraper Springs property. The geoltg8craper is characterized by an exposure
of Paleozoic rocks from the uppglate Vinini Formation above the Roberts Mountaithsust
through a window of Eocene and Miocene volcanic cover. Additionally, there is an exposure of
intrusive Eocene dioritedated at 38.9 + 1.0 Mhy K/Ar techniquesadjacent to the Paleozoic
window. Exploration efforts at Scraper Springs date back to 1983; various exploration efforts
since 1983 reveal thre¢ypes of mineralizedtargets at Scraper Springs: Caitype
mineraliation hosted at depth below the Roberts Moustdhrust, epithermal veistyle
mineralization hosted in volcarsicand polymetallic Atbearing skarn mineralizatidmosted in
Paleozoic sedimentary rocks contact with the diorite intrusion. The present study employs
field mapping techniques to document the geology and alteration of the diorite intrusion and
adjacent silicified/advanced argillic lithocap brecci&etrography and sodiunobaltinitrite
staining supplement field observatiotss aid in understanding alteration even&eochemical
data from topazich samples are considered to help classify the hyeinothl system present at
Scraper in addition to soil and rock chip samplesally, drill-hde data from 9 holes were
logged and drawn in crosction tooffer one threalimensional possibility ofhe hydrothermal
system at Scraper. Results suggdés Eocene diorite intrusion has undergone significant
potassic alteration. A separatehapped ui of quartz syenitds also documented, revealing
potassic alteration haloes around its margins. Petrography indicates this type of potassic
alteration is overprinted by propylitend ultimately sericiti@vents. Advanced argillic alteration
in the brec@a zones adjacent to the diorite intrusion is also profound and exhibits several
different eventsEarly vuggy quartalunite alteration is common throughout both breccia zones
and is followed by an advanced argillic assemblage containing zones of plitephgpaz,
kaolinite, and alunite. Late chalcedony overprints much of the earlier alteration. In general, each
pulse of advanced argillic mineralization is separated by a breccia event. Overall, the system at
Scraper Springs appears to reflect that pbghyryepithermal transition zone. This evidence,
coupled with high fluorine and molybdenum geochemistry, and alteration zoning patterns
documented in the present study suggest future exploration at Scraper could credibly target a
Climax-type molybdenumporphyry similar to the Mount Hope deposit in Eureka County, NV.



Contents
Y o153 =T oX PP P PP PPPPPPPPR L.
T Y i o [UTot i o] o DO TP PRPPPPPPP PP 1
o o= 110 o FE OO TP PP PRSP PPPPPPRP 1
Regional Geology and Nearby DEPOSIES..........uuuiiiiiiiiiire et eeer s a e e e e e eaan 2
=y o] (ol = 11 To] g I o (153 (o] YT PP PPPPPPPPRPPPP 5
Project Goals and ODJECHIVES.........u it erer st e e e e e e e e e e e e e e e e eeeerereearrerrrrranee 7
Materials and METNOTUS. ..o emmr e e e 1.
[ F= o] o] 0T PP PP PP P RRRPPR PPN 7
) = 11 11 o PP 8
(ST goTo = To] ) APPSO PP PP 8
(I oY) L= o T o 1 o P 9.
(CT=ToTo] g 1=T0 1] 1 YOO PP P PP PPPPPRRPPIN 9
LCT=T0] 0] 0125 [0 10
Field Observations and MapPing...........u.eeeuiiiuiuimmmiieeeeeee e e e e reesssre e e e e e e e s s anssbesanensssneeeeeeas 11
(Ao TN IRV F= T o] o 11 o S TP 11
Field Mappingi ThIiS STUAY........cooiiiiiiiiii et e s rmmne e 15
ALEration MaPPING.........uueieeeiiieee e rieeee et e e e e e e s eeer bbb e et e e e e e e s e e e e e bbb n e e e e e e e e e e e annnee 27
L= i 0o | =T o)« TSP 33
MINETAI PAragENESIS. ... eeeiiiiieiiiiiiiiteee ettt e e e e e eeea bt e et e e e e e e e e et b e s amans b e e e et e e e e e e e e annnnneees 34
NOIth and SOULN SEOCKS.........uiiiiiii e 35
SOULN BIECCIA ZONE.....oiiiiiiiii ettt e e e e e s et e e eees e et e e e e e e e e anaben e e e e s 43
NOFN BIEEIA ZONE........ ittt eme et e e et e e e et eeee e e e e s e e e e e annne e e e e 51
D] 1 o PP PPPPPPPPPPPPPN 60
S O TP PP PUPPPPRRIN 61
T O O SUPPPR 62
S PSPPI 63
S O TP P TR TPUPPPPRPIN 63
S PSPPI 64
S O I TP T PP PPTR 65
1S USSR 66
SCNHOOOLA. ... oot e e ettt e ee e e e ettt baa oo e e e e e ettt b mmme e et b e e e e e e et et bba e eeann e as 68

NSO 00 69



INEIPEIALIVE CrOSSECTION. ... uuiiiiiiiiiee e i rrer ettt e e e e e e s e ena e e e e e e e e e e e e ennnss e e e e e e e eeeeaanns 70
(1= To Tod aT=T 0 1] (YRR 73
DISCUSSION. ...ttt ettt e et oo e e e e et e e ettt e+ 4444 mmna s be e e e et e e e e e e e e R s nn e b rneeeeeas 76
Future Work and Exploration at SCraper SPrifigS........uu i uuuriimmieeeieeeieeeeeeeeeereeerseeeesssas s aae e 87
ACKNOWIEAGEIMENLS. ... ee et e oo e e e e e e et e e e e e e e e e e bbb e e e e e e e e e e e annnnrnnnes 91
RETEIEINCES. ...ttt e e e e e e e e e e e et e e e e e e e e e nnnn s r e e e et 92
Y 0] 01T Lo Lo =R 96
Y o] 01T 0 QPP PEPPPPSRTPPRN 96
Y o] o L= T L5 = T 96
F Y o] 0 1= o [ G PP PPPPPPSRTPPRN 99
Y o] o =1 T L5l I 101

APPENUIX Bt e e e n et e e e e e s nnen e 102



Introduction

Location
The Scraper Springproject in naothwestern Elko County, Nevada located at the

northernmost exposure of Paleozoic rocks in nerémtral Nevada, projected to the northwest of
the Carlin TrendKig. 1; Stewart, 198Q. Upper plate Ordovician Vinini Formation is exposed in
a window through Tertiary volcanic rocks at Scraper Springgldeation beginning in 1983 has
identified Carlintype mineralization in Vinini Formation and potentially at depth in the Rodeo
Creek Formation, disseminated and vein mineralization in Tertianfl@shtuffs and other

volcanic rocks, and Abearing basenetal skarn associated with an Eocene intrusion.
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Figure 1. Location of the Scraper Springs project in relation to other large gold deposits in northern Nevada. The
property occurs along the same relative lineatnaes the Carlinrend and theyeology at the property exposes the
upper portions of favorable Paleozoic host rocks for Gatlife mineralization. Also exposed on the property are
quartz veins with anomalous concentrations of precious metals. Nearby epithermal districts includdathe Mi
Tuscarora, and lvanhoe mining districts. Map modified fiassel and HenyR006.

Regional Geology and Nearby Deposits
In addition to existing on the northern extension of the Gamind, Scraper Springs is

also situated near several Tertiarytleeimal districts including the Midas district (Miocene;
Leavitt et al, 2003), 8 miles to the southwest, the Ivanhoe district (Miocene; Wallace, 2003) and
adjacent Hollister mine (Eocene with Miocene overprint; Wallace, 2003; Oelofse et al., 2009) 15
miles to the southeast, and the Tuscarora district (Eocene; Castor et al., 2003), approximately 20

miles to the east of the Scraper property. In addition to hosting epithermal mineralization within



the region, these districts are also relevant to the geolo§graper Springs because they share

similar stratigraphy and host rocks.

Like Scraper, the Tuscarora district also contains Eocendlaghuffs and hosts an
Eocene granodiorite intrusive (Henry and Boden, 1998, 1999; Henry et al., 1999). Based on the
mapping of Henry and Boden (1998, 1999) and Henry et al. (1999), it was determined that there
are multiple caldera complexes located at Tuscarora. These calderas are likely the source of
tuffaceous uns exposed at Scraper Springsdditionally, the granodiote exposed in the
Tuscarora volcanic complex, the Mount Neva granodiorite, has been dated*Usitf{gAr
techniques and is determined to be 39.37 = 0.28 Ma (Henry and Boden, 1999). This age is
similar to the recorded #Ar age 0f38.9 + 1 Ma for intrusig diorite exposed at Scraper Springs
(Wallace 2005). These Eocene dates correspond with the timing of @gsérmineralization in
Nevada and also Eocene magmatism throughout the regign Ressel and Henry, 2006;
Christensen and Yeats, 1992). The &wx magmatism present in the northeastern part of the
Great Basin is part of an overall north to south trehthagmatismextending from the Colville
province in easte Washington between 5% Ma, the Challis volcanic field in central Idaho
between 540 Ma, and in northern Nevada and the Great Basin starting at 43 Ma and continuing

through the Eocene (Fig; Christensen and Yeats, 1992; Castor et al., 2003).



Nevada

Figure 2. Tertiary magmatism in the North American cordillekdagmatism started north in
Montana and eastern Washington around 54 Ma, continued south through central Idaho between
51-40 Ma, and manifested in the Great Basin at 43 Ma, continuing through the Eocene. Figure
taken from Castor et al. (2003).

The Holliger mine, located 15 miles to the southeast of Scraper Springs and adjacent to
the lvanhoe mining district, has similar host rocks as Scraper Springs. At Hollistesunfeae
upper plate rocks amxposedn the mine, similar to theutcropof upper plée rocks at Scraper.
Drilling at the Hollister mine intercepted anomalous Au, As, and Sb values at 800 feet, probably
in the lowerplate carbonates of th&ilurianDevonian Roberts Mountain Formation and
OrdovicianHanson Creek Formation (Oelofse et aD0®). Reversecirculation (RC) drilling
(SS1, 1900ft.) at Scraper Springs interceptsihilar lowerplate hosted mineralizatioh4O ft.
of 0.017 opt gold mineralization and copjzénc calesilicate assemblages in the bottom 100
of the hole(Howell, 2007). Additionally, the Hatter stock, a bte-quartzplagioclase intrusion
at Hollister, was dated by-Kr methodsat ~39 Ma, indistinguishable in agwith the diorite
intrusionexposed at Scraper (Oelofse et al., 2009). The main mineralization hosted at Hollister is
Miocene and occurs in both Miocene volcanic rocks and thrgogig structures in the upper

plate rocks (Oelofse et al., 2009). The presesucelollister of similar host rocksto Scraper



Springs,including Paleozoic rocks, Eocene intarsi and Miocene volcanic roakn the western
part of the Scraper Springs propertyuggest that Eocene and Miocene targets at Scraper
Springs could potentially be similar.

The Nortlern Nevada Rift (NNR) exposes Miocene volcanic rocks on the weserof
the Scraper Springs property (Howell, 2004; Wise, 2D08he NNR is characterized by a
bimodal basaithyolite assemblage and hosts Miocene epithermal vein systems throughout its
extent (John et al., 2000). Epithermal mineralization in the NNR includes the Buckskin deposit
and the nearby Midas district (Vikre, 1985; Leavitt et al., 2003). drtdatedRebelfault zone
and associatedquartz veins and brecciashich crop ouin the ®uthwest portion of the Scraper
Springs propertycould also be Miocengiven its proximity to the NNR/olcanicassemblage

(Fig. 3) and similarityto epthermal veins hosted at Midas and elsewhere along the NNR.

Exploration History

US Steel first explored the vein system at the Hill anomaly (Rieheét zong in the
southwestermpartof the property in 1983. Freeport drilled 10 RC holes in this area, totaling 4100
ft. in 1984. Hecla followed this effort by drilling 7 holes totaling 2X¥45n 1987. Both drill
programs intercepted only anomalous gold and anomalous to significant silver hosted in quartz
veins, breccias, and altered volcanic ro¢kswell, 2007).

Cordex Exploration held the property from 198991 and did extensivexploration
including mapping, rock and soil sampling, auger grid drilling, CSAMT and drilling 40 RC holes
totaling 21,475ft. Most of their work targeted areas to the north and northwesbaf @ e X 6 s

present claim blockHowell, 2007).



Western States Minerals held the property from 1B9d7. Their work consisted of
mapping, rock and soil samplingnd drilling, which focused on the central Paleozoic exposure
between the north and south stoakd to a lesser extemt the RebeFault zone Of the 13 RC
holes drilled totaling 853%&., two holes intercepted significant mineralization in altered Vinini
sedimentaryrocks along the margins of the Eoced®rite intrusive. Encouraging drill results
included S&1, which intercepted 140 feet (3280 ft.) of 0.017 opt gold including 20 and 10
foot intercepts containing 0.031 and 0.050 opt Aaspectively. Additionally, S$ intercepted
25 feet (2550ft.) of 0.020 opt Aulowell, 2007).

In 2003, Codex (funded at the time by Metallic Venturesjmapped the property, did
extensive soil sampling, contracted a ground magnetic survey, and datédrttesintrusive
before drilling 12 widelyspaced RC holes totaling 838 Encouraging drill results auded
SC1, which was collared 270 feet nombrthwest of the Western StateS-1 hole and drilled to
a depth of 1900 feet. This drill hole encountered variably altered lower plate rocks thought to be
Devonian Rodeo Creek Formation at a depth of 1650 Tdéws hole contained anomalous gold
both in the upper and lower plates with strongly anomalous to significant copper and zinc in
lower plate sedimentary rocks. Many of the other shallow holes intercepted weakly anomalous
gold, anomalous zinc, lead anter (SG11) (Howell, 2007).

Metallic Ventures in joint venture with Geologix Exploratioanductedadditional soil
grid sampling in the north central part of the property, but did no drilling. Metallic gave up their
interest in Scraper in late 2006 and the property revert€dridex

In 2008, Newmont Mining Corp. in a jowventure with Cordex,ermgoped geology and

alterationand conducted soil sampling covering the northeastern portion of the property and the
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Zone)) and drilled 3 RC holes in this arealise, 2008h.

Project Goals and Objectives

The present study focuses on both the northern and southern exposure of the Eocene
intrusion andadjacentaltered breccia zone¥eins ofthe Rebefault zonein the southwespart
of the propertywere examined Iefly but are not discussed in detail in this stubetailed
mapping of the geology and alteration is combined with detailed petrography to determine the
nature and extent of mineralization at Scraper Springsid petrography, sodiwgpbatinitrite
staning was conducted on thin section billets to determine the nature and extent of potassic
alteration in the Eocene diorite intrasi(Td). Additionally, data collected at Scraper Springs

over its 27year exploration history aesedto supplement field ahpetrographic observations.

Materials and Methods

Mapping
Field mapping for the present study was conducted duringMateto midAugust of

2009. Methods relied heavily on previous geologic maps of Scraper Springs (Howell, 2004;
Wise, 2008) for basic gologic relationships and general alteration pattddo® to pervasive
oxidation at the surface and lack of outcrop, many original textural relationships and mineral
assemblages were obscured, complicating the degree of positive identification in sasie are
Two target areas were identified for detailed outestge mapping and include the North Stock
and Breccia Zonandthe South Stock and Breccia zoftgg. 3). The Rebel Fault Zone was
investigated, but not mapped in detail (Fig. Bhe purpose of mapping these areas was to

identify possible relationships between the Eocene intrusive stocks and adjacent breccia zones.



Figures4 and5 are maps of the geology in the south stock and breccia zone and north stock and
breccia zone, respaatly. Appendix A is a 1:6000 scale map of the geology and alteration at

Scraper Springs.

Alteration mapping in this study was conducted simultaneously with geologic mapping.
While field mapping helped to identify distinct types of alteration includingouarforms of
silicification, iron oxide staining, andcid sulfatealteration, more detailed alteration zones were

separated once Nabbaltinitrite staining angetrographywverecompleted.

Staining
Sodiumcobaltintrite staining was conducted on 42 thin section billets from samples

representing the north and south stocks to determine degree and nature of potassic alteration.
Samples werdandled with tongs andtched for 60 seconds in5% HF solution and then

briefly rinsed for approximately 5 seconds in distilled water. The samples were then handled
with tongs and dippetbr 60 secondito a saturated sodiwgobaltinitrite solution athe ratio

of 10 g sodiurrcobaltinitrite to20 mL distilled wateland then rinsed again distilled water for

5 secondsSamples were left to dry under a fume hood for approximately a half hour. Stained
billets were scanned using an HP ScanJet 3010 scanner at the resolution of 1200 dpi. Digital

images of the billets were observed and petages of Keldspar flooding were estimated.

Petrography
Samples from locations in all three target areasNibeth Stock andBreacia Zone, the

South Stock and Breccia Zone, and the Rebdtault Zone were collected for petrographic
analysis.The hand sample locations are documente&pipendix C Samples were chosen based
on distinctrock and alteratiortype to acquire a representative sample of rocks in multiple

alteration assemblages. In total, 116 thin sections were prepared by Spedtngrapkics, Inc.



Thin sections were analyzed using an Olympus BX51 microscope with 5x, 10x, 20x, and 50x
objectiveswith a 4x ocular Photomicrographs were documented using an Olympus DP10
camera mount. Mineralogy, textures, and cmmssing relationship were observed and
documented. The base alteration mapereupdated based on petrographic observations and

alteration minerals documented in these observations.

Through detailed petrographic observations and documentatibrphotomicrographs,
extensie paragenetic sequences were developeldibr breccia zones and the diorite intrusive.
Different alteration assemblages observed in thin section helped characterize the hydrothermal
fluids that contributed to the altered zones and aided with generatyygplagic model for

Scraper Springs.

Drill -hole Logging

To complement mapped and petrographic observations, eleven drill holes were selected
along a northwedrending transect and -tegged. Observations included lithology and
alteration, noting unique mineralogy and depth of oxidation. These logs were theessed

and projected to develop a schematic cgesgion and geologic model.

Geochemistry

Multiple geochemical datasets were utilized in the present study. Exploration data from
soi |l samples and rock chips from Neolgyamt 6s 2
alteration. In addition to these data, nine hand samples with complementary petrographic
samples were selected to document changes in alteration across a transect thr@ogththe

Stock andBreccia zone.
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Newmont 6s dat a f r soimsa@pkedahd 215 rock chip samples. hese
samples were sent to ALS Chemex in Reno, NV. Gold values are derived from a 30g fire assay
with ICP-AES analysis. Concentrations of 41 trace elements were determined using an aqua

regiadigestion and analyzeslith ICPMS.

Nine hand samplesom the present study that cover representative alteration examples
across a transect in the southern stock and breccianmesubmitted to ALS Chemex in Reno,
NV for analysis of61 trace elements using feacid total dgestion and either ICPMS or IEP
AES finish based on the element. Mercury was separately analyzed using an aqua regia method,
as mercury volatilizes at the higher temperatures required to perform thacfduechnique.
Additionally, these samples were &xaed for fluorine due to significant topaz 8iO,(F,OH))
and zunyite Al13SisO0(OH,FhgCl) mineralization in some of thacid sulfatesuites. This
technique involved sample decomposition using sodium hydroxide fuaiah fluorinewas
determined withan ionspecific analysisA table of these nine samples can be found in
Appendix B.
Geophysics

Geophysical datasets collected during the exploration history of Scraper Springs have
been considered and utilized for understanding mineralization at depth. Specifically, previously
collected IP, gravity, and magnetic surveys have been particularly hélpfurojecting the
geology at Scraper Springsto the subsurfacd-urtherdiscussion of these datallows in the

results section and geophysical datepresented in Appendix C.
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Field Observations and Mapping

Previous Mapping
Mapping at the Scraper Spgs Propertyis difficult because of sparsmutcrop. Where

definitive outcrop does not occur, subcragnd floatstyle mapping was undertaken in the
present study. For diligy, outcrop outlines are includedn all geologic maps in this study.
Original maping by Howell (2004) and Wise (2088revealed several distinebck types
Figure3is a simplified version of both mapping effor@bservations from this study airdtial
mappingobservations demonstrate window through Tertiary volcanic rockdnto Paleozoic
sedimentary rocks abovéd regionallycontinuous Robest Mountairs thrust This exposure
consists of the Ordovician Vinini Formation (Ovi)etmajor unit capping the Robgmlountain
thrust. Separate lithologies within Ovi include siltstomee theterolithic sandstone, black chert,
and argillites (Howell, 2004). Additionally, quartzite (Ovigyms distinctive ridgeshroughout

the property Ovig consists of medium to coargeined sand and is very clean aarly 100%
guartz (Howell, 2004present study). Lenticular quartzite pods are exposed throughout the
property and the polike nature of these outcrops has been attributed to regional deformation

stretching these resistant bodies into boudins (Henry, 2008).
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Figure 3. Simplified geologic map of the Scraper Springs Property, modified from Howell (2004) and Wise [@@®8)orth and

South Stocks are the focus of the present stldhe Rebel Fault Zone is highlighted as an area of structurally controlled
mineralzation, but is not discussed in this stuBygtailed geologic and alteration maps accompany the North Stock and Breccia Zone
and the South Stock and Breccia Zor@sordinates are NAD27 Zone 11N.
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Although not exposed in the area of Figuréh® PennsyhanianrPermianEdna Mountain
Formation (PPem) and younger Pennsylvanian Havallah Sequence (Ph) crop out north of this
area. This Edna Mountain Formati@onsists offine to locally coarsgrained sandstoneof
heterolithic clasts and abundant black cherstslalocal phosphatic beds also occur (Howell,
2004). Outcrops form blocky and tabular masses and are exposed in the northern area of the
Paleozac window. Havallah Sequence (Plovelies the Edna Mountain Formation along the
Golconda thrust faultThe Phconsists of various beds of black chert, sandstone, siltstone, and

thin limestone (Howell, 2004).

Tertiary volcanic rocks and shallow igneous intrusions are eroded to expose the Paleozoic
window. The most ubiquitous volcanic rock exposed at Scraper Spsrayfelsic, ashich tuff,
labeled throughout the study as Tvt. On most of the property, this unit is commesdiréthnd
locally altered with a quartstockwork and/or silicified brecciaand is therefore difficult to
ascribe to regional tuff unitd.ocally, fine quartz and sanidine are observed as phenocrysts (5
10%) with rare hornblende and plagioclase; cherty lithic fragnaarised from the underlying
Paleozoic sedimentary rockalso occur within Tvt(Howell, 2004; present study). More
phenocrgtrich tuffs and moderatelwelded lithic fragments are observed in the potassic
alteration zoe, mapped in the present studymore detailed description of these characteristics
follows. Regional tuff units from Nelson Creek (Tnc) and Big CottonwoodyGarfTbcc) have
been dated at 40.23 + 0.11 Ma for Tnc at Tuscarora, 20 Km to the east of Scraper Springs and at
39.98 + 0.09 Ma for Thcc at the Willow Creek Reservoir, 15 Km to the southeast of Scraper
Springs. It is thought that Tvt at Scraper Springbksly one or both of these regional tuffs,
therefore constraining the age of Tvt to around 40 Ma (Henry, 2008). Petrographic observations

from this study follow, suggesting the presentatdeast the Nelson Creek tufivt is the host
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in both mapped beeia zones and the Reldallt zone where higHevel quartz veins and quartz

breccias are exposed at the surface.

Two plugs of an Eocene intrusive rock are exposed in the central map area. Originally,
the intrusion was classified as a granodioriteith phaneritic to locally porphyritic textures
(Howell, 2004). In this original description, plagioclase, alkali feldspar, biotite, and hornblende
were interpreted gshenocrysts. Later observatiorsncluded that the intrusion wpkagioclase
rich with minor €10%) quartz andittle alkali-feldspar (Wise, 2008. The present study
documents elements from both observations: alkali feldspar and biotite occur within this
intrusion, but as potassic alteration products, and plagioclase with limited quartz donmenate th
unaltered intrusive assemblage. Therefore, the Eocene amtigsi diorite (Td).A K-Ar date of
38.9 + 1.0 Ma, recorded from unaltered biotite from the south stock constrains the age of Td
(Wallace 20(). Potassic alteration is documented in both the north and south stocks and
endoskarn assemblage is present in the north stock (Howell, 2004; Wisk). 20Q8opylitic
alteration overprint is observed throughout the Td intrusive. Alteration assembldbis Wi

are discussed in the section on alteration.

Tertiary andesite flows (Tvabverlie Td and Tvt (Fig. 3) Tva occurs as mostly
porphyritic volcanic rocks with plagioclase, hornblende, quartz, and local pyroxene phenocrysts
(Howell, 2004). Exposuresfdlva are olivegreen to olivean and form both subcrop and
prominent outcropshroughout the property. Tvig mostly unalteredo locally propylitically
altered,and unweathered rock appears greerbsiie. In these propylitic assemblages, chlorite
booksare visible with the naked eye and disseminated pyr@/1Lis visible with a hand lens.
Local alteration within Tva suggests mineralization is younger than these Act&t/*°Ar date

of 37.23 £ 0.1 Ma has been attributed to correlative andesitbs gptith of the Scraper Springs
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property (Howell, 2004)Thereforemineralization at Scraper Springkely postdates both the

diorite at38.9 + 1.0 Ma andhe andesite &87.23 + 0.1 Ma

In the western part of the property, Miocene volcanics relatebdetdNorthern Nevada
Rift are exposed in hig prominent cliffs. In Figure 3hey are mapped as Tvxt and include
crystalline and glassy pumigcih ashflow tuffs, thin vitrophyres, and tuffaceous volcaniclastics
(Howell, 2004). These units are undifferaméid and not mapped in detail in the present stasly

Eocene events are the primary focus of this study.

Quaternary deposits overly these geologic units. Quaternary units include alluvium (Qal)

and colluvium (Qol).

Field Mapping 1 This Study

Geologic uits mapped in both stoedndbreccia zones include Ovi and Oviq, Td, Tgs
(north stock only), tuffisite breccia (Tt), purple breccia (Tpbx) (south breccia zone only),
advanced argillic breccia (Tabxhorth breccia zone onlyheterolithic breccia (Thbx),range
breccia (Tobx) (south breccia zone only), resinous breccia (Trbx) (north breccia zone only),
white breccia (Twbx), and hematite breccia (Thmbx) (north breccia zone (&indyg) 4 and 5)
The breccia units are ordered in sequence based on obserssdutting field relationships.
Tva, Qal, and Qol units are mapped in the vicinity of these areas, but since they were deposited

after the hypothesized mineralizing event, were not considered in the detailed mapping.
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Figure 4. Geologic map of th&outh Stock and Breccia zoméh outcrops encircledn this area of the Scraper Springs property, the

main Td intrusive unit is exposed adjacent to the south breccia zone, an area of prominent outcrop due to giggiferahdted
alteration.In this br ecci a zone, five separate types of breccia occur
according to crossutting relations observed in the fielthe text provides descriptions of each unit.
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Figure 5. Geologic map othe North Stock and Breccia zone. In this area of the Scraper Springs property, the main Td intrusive unit

is exposed adjacent to the north breccia zone, an area of prominent outcrop due to significarelagearteration. In this breccia
zone,sixkseparate types of breccia occur and ar e pos i-dutiingmrlatdnswi t hi
observed in the field. Lithologic descriptions of each unit are embedded within the text. In addition to the stock, nlap@elhies

plug of quartz syenite (TQs) is also present.
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A. SC-03-5571 Brecciated Oviq demonstrates both D. SG02-527 Td with K-feldspar stockwork
hematitematrix and classupport, north stock (NS). veining, strong Kalteration, SS.

B. SC02-321 Parallel kfeldspar veinlets cross E. SG03-101 K-feldspar veining overprinting
cutting Td, strong Kalteration, south stock (SS). endoskarn alteration, north stock (NS).

C. SG02-357 Td with stockwork Kfeldspar F. SG03-131 K-feldspar veinlet wh K-feldspar
veining, strong Kalteration, SS. flooding in Td, NS.

Figure 6. Field photos from the norttiNS) and south stockSS)zones. Photos exhibit potassic alteration within Td
and alteration observed within Ovig.
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Oviq
Oviq mapped in both the north and south stocks consists eftirmarsegrained clean

guartz sandstone, as described in the previous section.imbdh and south stocks, Oviq is
commonly brecciatedith a clastsupported matrixLocally, the breccia is matrgupported and

hosts sukangular to sulsounded quartzite clasts 0i56 cm in length(Fig. 6A). It is unclear

from field relationships whe#r this brecciation is a result of hydrothermal events or tectonic
events, though a fault is mapped just to the east of this Oviq exposure, suggesting probable

tectonic brecciation.

Td

Td mapped in both the north and south stocks consietly of plagioclase laths, -2
mm in length. A small amount of quartz (~ 5%) is present in the matrix, but is not obvious in
hand specimen. Hornblende occursdésseminated grains throughout the matrix between 5
10%, but is mostly altered to epidote due to the prapyiverprint in both north and south
stocks. In the south stock, several prominent outcrops exhibit stockwork veBwalgim
cobaltinitrite staining revealed that these veins are alkali feldspar veins. THekispar veins
occur in both parallglFig. 6B) and stockworKFigs.6C, D) fracture patterns. In the north stock,
where less prominent outcrop was available, only stockwef&ld§par veins were observed
(Figs. 6E, F). Additionally, kfeldspar floodingforms cmscale selvagesdjacent to these
veinlets (Fig. 6F). In the field, kfeldspafrich zones form leucocratic rindsljacent to veinlets
in Td units. On unweathered surfaces in these zones, biotite occurs in small-8lotsn2in
length, observable with the naked eye and with a hand lens. From these field observations, a

potassic alteration signature was hypothesized-colaltinitrite stainig, discussed in the
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following section on alteration, confirms variable potassic signatures in both the north and south

stocks.

Tqgs

A small quartz syenite intrusion, Tqs, previously mapped as unaltered granodiorite
(Howell, 2004; Wise, 2008, is exposedn the southwest corner of the north stock. Tgs forms
low subcroppings in a gully. The quartz syenite rock is equigranular and locally pegmatitic.
Within the equigranular texture,-feldspar phenocryts are 2 min8 mm and comprise between
90-93% of the rak. The remaining groundmass is occupied by quartz grains 2 g imm. In
the pegmatitic texture, #eldspar phenocrysts atabular andaroundl cm in length, with local
variations up to 4 cm long. Quartz in this coarser texture is observable in aboom0.5

phenocrystsAdditionally, granophyric textures are observable in thin section (Fi2lge V).

Tt

In both the north and south breccia areas, a unit of tuffisite, Tt,-aacdnic lithology
occurs along structures in association with other breccias.al$o locallybrecciated. Based on
the nature of Tt, and its subsequent alteration, it is often difficult to determine which outcrops are
strictly tuffisite and which are tuffisite breccid@ommonly, Tt includes fingrained, leucocratic
and ashy material that is locally silicifi€Big. 7E). Distinct subrounded cherty clasts;2mm,
are included within this unit and likely represent material from the underlying Paleozoic
stratigraphy. Loally, accretionary lapilli are preseahd are 22 mm spheroidgFig. 7A). The
presence of accretionary lapilli suggests fluidization of the tuffisite unit and emplacement at a

high level within the volcanitydrothermal system.
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A. SG01-257 Accretionary lapilli in D. SG01-7517 White breccia intrudes
tuffisite unit, advanced argillic zone, SBZ. orange breccia at contact between two
zones, SBZ.

B. SG01-217 Vuggy clast in heterolithic
breccia, advanced argillic zorsouth E. SCGO01-89A171 Vuggy silica alteration in
breccia zone (SBZ2). tuffisite, SBZ.

C. SCG01-4371 Heterolithic breccia at F. SC-01-1281 Heterolithic brecciavith
marginbetween silicified zone and hematite matrix supporting orange breccia
advanced argillic alteration zone, SBZ. clasts, SBZ.



22

G. SG04-081 Advanced argillic breccia

with silicified clasts, north breccia zone J. SC-04-761 Hematitecemented breccia
(NBZ). with advanced argillic alunite assemblage
clasts, NBZ.

H. SC04-20Ai Resinous breccia with K. SC-04-15471 Advanced argillic breccia

silicified clasts, alteration is siliceous with With ad_vance_d _argillic‘t alunite assemblage,
FeOx staining, NBZ. iron oxidestaining, NBZ.

. SC-04-63i1 Tvt altered to advanced L. SC-04-1837 Advanced argillia
argillic, alunitezunyite assemblage, NBZ. kaolinite sssemblage in Tvt unit, NBZ

Figure 7.Field photos from the north and south breccia zones. Different lithlogies are exhibited arzlitiings
relationships are documented, where applicable
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Tpbx

The south breccia zone contains a purple bre@ghbx, that may also be considered sub
volcanic. Locally, Tpbx supports rounded, cherty clasts on the centiswtey, and is
commonly vesicular. Mixing of the Tpbx occurs with the Tt paitd along the contact between
these two units there are infiamgering, crosscutting relationships. However, Tpbx contains
clasts of Tt within its matrix near these contacts and it can be determined that it was emplaced
after the Tt unit. It is likely that Tpbx is also a type of tuffisite unit, as it shares similar
chaacteristics as Tt, including a close spatial relationshge Table 1 for comparison to other

breccias.

Tabx

A distinctive advancedrgillic breccia(Tabx)occurs within the north breccia zone and is
easily recognized by its intense goethamosite saining(Figs 7K, L; Table ). It is both matrix
and clast supported and contains clasts of vuggy silica and various advanced argillic

assemblages. Clasts are suigular to angular and range in size from 2 mm up to about 1 cm.

Thbx

In the north and sdh breccia zones, a ubiquitous, heterolithic breccia (Thbx) occurs.
This was described in the field as a breccia withrsuimded to suangular clasts comprised of
various lithologies. Commonly, these clasts dezived from other breccia types indicatin
multi-stage developmentAcid sulfate breccia and vuggy silica clasts are commuonthis
lithology (Figs 7B, C, F. Table }. Additionally, most exposures of Thbx contain some variety
of iron oxide staining. In the south breccia zone, hematéming hroughout the matrix is
common (Figs 7F) and in the north breccia zone, goethite and other iron oxide residues

commonly pervade Thbx.
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Trbx

A similar unit to the heterolithic breiecis the resinous breccia, Trbx. Like Thbx, Trbx
contains variabhsized sukrounded to suangular clasts. However, unlike Trbx, most of these
clasts are silicified or altered to vuggy silica and do not exhibit obvious advanced argillic clasts.
Most of the resinous breccia is clemipported with pervasive ireoxide staining, giving the

outcrops a brownishesinous lustefFig. 7H; Table 1.

Tobx

Tobx, orange breccia, is observed in several locations within the south breccia zone. The
orange breccia imostly matrixsupported and contains rounded to-sonded breccia clasts
between 2 mm and 1 cm in diameter. Most of the alteration associated with Tobx is siliceous
with a distinctive area on the eastern part of the map displaying an advanced-jargglie
stained signature. It is associated with the white breccia, Twhich crosscuts it in one

prominent outcrop located in the relative center of the south breccigkzgnéD; Table ).

Twbx

In the south zone, a white breccia, Twbx, is spatedigociated with Tobx and distinctly
crosscuts it (Fig. 7D; Table 1. It has similar characteristics to Tobx including masipport
and rounded to sulpunded clasts of 2 mm to 1 cm in diameter. However, Twbx contains clasts
of Tobx and is almost alwayassociated with massive silicification or vuggy silica alteration.

These massively silicified outcrops are more prominent in the north breccia zone.

Thmbx

A breccia with a hematitstained matrix, Thmbx, is observed in various locations
throughout the orthern breccia zon@=ig. 7J; Table 3. Thmbx occurs as distinct outcrops up to

50 m in length, but more commonly occurs as smalli06bm zones as crossitting breccia



25

pipes and offshoots in other brecciddost Thmbx exposure contains rounded breccia clasts,
with the hematitamatrix as the supporting material, including advanced argillic clasts of various
advanced argillic assemblages, secondary breccia clasts, and vuggy silica clasts. In the south
central prtion of the northern breccia zone, Thmbx is located between two known faults, cross

cutting several different lithologi€&ig. 4).



Breccia Geometry | Clast types Clast Sizes| Rounding Matrix vs. Clast | Matrix Type Alteratior%6
Name (cm) Supported
Thmbx Blocky, Vuggy silica,| Variable Rounded Matrix Hematite Acid Sulfate
fingers Acid sulfate bx silica
Twbx Dikes, Vuggy silica,| 0.02- 2.0 Rounded to subl Matrix Silica Silicification
fingers Acid sulfate bx rounded
Tobx Blocky Vuggy silica,| 0.02- 2.0 Rounded to subl Matrix Goethite Acid Sulfate
Acid sulfate bx rounded Jarosite
Thbx Massive | Vuggy silica,| 0.2-10.0 Rounded Matrix Hematite Silicification
Acid sulfate bx silica
Tabx Dikes, Silica, earlier| 0.02- 1.0 Subangular to| Both Alunite- Acid Sulfate
fingers breccia angular Cristobalite
Trbx Massive | Vuggy silica Variable, somg Subrounded tg Clast Goethitesilica | Silicification
~1.0m subangular
Tpbx Dikes, Chert, tuffisite 0.2-2.0 Rounded Matrix Silica Vuggy Silica
fingers

Table 1.List of breccia types associated with different bodies and alteration styles observed in the North and South Breccia Zones.
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Alteration Mapping

Alteration zonegFigs. 8 and 9)nclude endoskarn (north stock only), potassic zones of
moderate potassic alteration (189% K-feldspar), strong potassic alteration S0 K-
feldspar), and Keldspar flooding (>50% WKeldspar, restricted to Tqgs) (north stock only),
hematitestained breccia in Oviq, silicification, reticulate quartz (north breccia paoty), vuggy
silica, undifferentiated advanced argillic alteration, advanced argiljarosite and hematite
stained, advanced argillicalunite, advanced argillic alunitezunyite (north breccia zone only),
advanced argilli¢ zunyite (north brecciaone only), advanced argillic pyrophyllite-diaspore
(north breccia zone only), advanced argillickaolinite (north breccia zone only), advanced
argillic with late chalcedony (south breccia zone only), hemstéming, and various argillic

advanced ajillic bleaching, which was undifferentiated due to lack of outcrop.
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Figure 8. South Stock and Breccia Zone Alteration map. Mapping covered the south stock, Td, and the south breccia zone. A strong
potassic signature covers the south st@a, which also pervades into the Tvt unit. Potassic alteration was first documented in the
field and zones were separated based on degree of alteration observed {ftobaMaitrite staining. Similarly, advanced argillic
alteration in the breccia zongas mapped as wiekpread in the field, but separatedo the different alteration typdsased on
petrography
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Figure 9. North Stock and Breccia Zone Alteration map. Mapping covered the north stock, Td and Tgs, and the north breccia zone. A
strong potasic signature covers the north stock area. Potassic alteration was first documented in the field and zones were separated
based on degree of alteration observed frorcdlzaltinitrite staining. Similarly, advanced argillic alteration in the breccia z@se w

mapped as widspread in the field, but separated based on preliminary petrography.
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Endoskarn Alteration

Endoskarn alteration was first identified in maps by Howell (2004) and WisedR008
the field, endoskarn assemblages were ideudtify greenistbluish color and their noticeably
coarselycrystalline nature. This assemblage is characterized by the presence of pyroxenes
aligned in bands, visible with the naked eye and hand lens, and quartz. Additionally, Na
cobaltinitrite staining resals a potassic overprint of endoskarn alteration as documented in
Figure 10H. Endoskarn alteration is pervasive in the north stock only and exists in most of the
north stock, including the potassic alteration zones. The only place it is not documevithahis

the Tqgs unit, which is dominantly-feldspar.

Potassic Alteration

Potassic alteration was preliminarily identified in the field based on the presence of
leucocratic Td outcrop. The nature and pervasiveness of this style of alteration was confirmed
through Nacobaltinitrite staining and petrographyeak (1529% K-feldspa) to strong (30
50% K-feldspar) kalteration exists in the Tvt uniFigs. 10A, B), which is identified based on
flattened pumice fragments due to welding within the aftbw tuff. Additionally, potassic

alteration is observed within tth&o main Td stock, with a mostly strong Kalteration signature,



F. SC-03-017 Td with endoskarn alteratipnorth

A. SC-02-1471 Twvt, weak Kalteration, SS. stock (NS).

B. SCG:02:2017 Tvt, strong Kalteration, SS. H. SC-03-10Bi Td, endoskarn w/ Kalteration

- N

C. SG02-3671 Td, strong kalteration w. kfeldspar
veinlet.

I. SC-03-2171 Tgs, K-feldsparrich quartz syenite

- |

D. SG02-447 Td, strongK-alteration SS.

J. SC-03-68Bi Td, weakK-alteration NS.

E. SG02-75C7 Silicification in Td, SS.

K. SC-03-697 Td, strong Kalteration NS.

Figure 10. Na-cobaltinitrite staining in thirsection billets.

31
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including K-feldspar veinlets and Heldspar flooding Figs 6B-D; Figs.10C, D, K). A weaker
K-alteration signatures is documented in Figlod. Pervasive Keldspar flooding is observed

in Tgs(Fig. 101). In the southwest portion of the south stock, there are several outcrops that do
not exhibit potassic alteration, but are rather attarzed by siliceflooding, which is described

in the following sectior{Fig. 10E).

Silicification

Silicification occurs in various forms in both north and south breccia zones and as
mentioned above, in the southwest portion of the south stock. 8ditifin occurs in massively
silicified outcrops in both breccia zones and is exhibited in various breccia clasts in other
alteration areas. Vuggy silica is also another common alteration wipeh is commonly
associated with the advanced argillic assegdgdan most cases# occurswithin the advanced
argillic assemblages, overprinted by various advanced argillic minefads.interesting
silicification type is the reticulate quartz assemblage, which occurs only in a few outcrops in the
north stock. Herehe reticulate quartz assemblage is intimately associated with hestatited
rocks and appears to be a late alteration signature. This is covered in further detail in the
petrography sectiorAdditionally, one exposure of Td on the western margin oStveth Stock

exhibits pervasive silicification.

Advanced Argillic Assemblages

Various advanced argillic assemblages occur throughout both the north and south breccia
zones. Most advanced argillic assemblagesrprintvuggy silica or at least host someggy
silica clasts, suggesting these assemblagesdatstthe original vuggy silica event. The more

common advanced argillic assemblages that overprint vuggy silica alteration and occupy quartz
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vugs include alunite, alunHeunyite, and zunyite assemblageShese assemblages are
commonly accompanied by hematite, jarosite, and othetoXide andisulfate secondary
minerals. In one series of outcem the eastern portion of the north breccia zone, a-high
temperature, higlacid pyrophyllitediaspore assemige is recorded. One of the later advanced
argillic assemblages observed is the kaolinite assemblage, which occurs only in the north breccia
zone. The kaolinite observed here occupies quartz andalso occurs in @inlets crossutting
breccias and supporting breccias. It is comrworthe kaolinite assemblage to overprint alunite
Indistinctive advanced argillic assemblages occur in both the north and south breccia zones and
are commonly characterized by-Bgide and Fesulfate staining. These typically correspond

with some of the matrisupported breccias and include the jaresgeatite assemblage and
hematitestaining assemblage. In these assemblages, clasts of earlier advanced argillic alteration
are commonly bserved. In the south breccia zone, there is a distinct signature of chalcedony that
overprints earlier advanced argillic alteration. Here, chalcedony is observed asuttiogs
veinlets at the outcrop scale, but also in quartz vugs and along veintghsnarthin section. A

more detailed discussion of these advanced argillic assemblages follow in the petrography

section.

Petrography

The following mineral paragenesis was based on petrographydhitilsections in all
four mapped zones at ScraperiB8gs. The following table summarizes the minerals observed in

thin section (Tabl@).
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Mineral Formula Alteration Assemblage Mineral Formula Alteration Assemblage
Quartz SiO, Silicification Plagioclase (Anys) Ca,ALSi,0g Primary Mineral
Cristobalite  SiO, Acid Sulfate Hornblende Ca,(Fe Al)(AlSi;0,,)(OH), Primary Mineral
Chalcedony SiO, Acid Sulfate Anatase TiO, Propylitic, Oxidation, Various
Alunite KAL(SO4),(0OH)s Acid Sulfate, Supergene Actinolite Ca,(Mg,Fe)s(Sis0,2)(OH), Propylitic
Barite BaSO, Acid Sulfate Epidote CayAly(Fe,Al)(SiO4)(Si;07)O(OH) Propylitic
Fluorite CaF, Acid Sulfate Chlorite (Mg,Fe)sAl(AlSi;0,0)(OH)s Propylitic
Topaz ALSiO4(F,0H), Acid Sulfate Calcite CaCoO; Propylitic, Argillic
Zunyite Al3Sis0,0(OH,F)5CI Acid Sulfate Pyrite FeS, Propylitic, Acid Sulfate
Pyrophyllite AL Si;O,4(OH), Acid Sulfate Apatite Cas(POy);(OH,F,Cl) Potassic
Diaspore AlO(OH) Acid Sulfate Sphene CaTiOSiOy Potassic, Acid Sulfate
Kaolinite ALSi,05(0OH)4 Acid Sulfate, Supergene Rutile TiO, Potassic, Acid Sulfate
Illite (KH;0)(ALMg,Fe),(Si,Al)40,o(OH),(H,0) Argillic Biotite KFe3ALSi,0,9(OH), Potassic
Jarosite KFe;3(SO4)2(OH)s Oxidation, Supergene Orthoclase KAISi;Og Potassic
Hematite Fe,04 Oxidation, Supergene Sericite KALSi;0;o(OH), Sericitic

Table 2. List of all minerals observed in thin section in the present study. Chemical formulas deoiveBIl&ck
and Mandarino (2008Fach mineral is classified ampfouped into an associated alteration assemblage based on a
classic porphynstyle deposit mode(i.e. Sillitoe, 2010).

Mineral Paragenesis
For each area studied (North and South Breccia zdlwet) and South stocka specific

mineral paragenesis has been determined. The North and South Breccia zones both exhibit
advanced argillic and acid sulfate alteration, but vary slightly in terms of mineral assemblages
and abundance of certain minerals. Although the diffesebetween the two breccia zones are
slight, the occurrence and timing of similar minerals requires separate paragenetic diagrams to be
constructed. Both thhorth andSouth Stocks have similar minerals as well, but follow a similar
progression of mineral@ion and alteration patterns. The main difference between both
exposures of diorite is that the South Stock contains significant epidote mineralization, whereas
the north stock exhibits actinolite in place of epidote. This difference can be attribatsurtg
within the propylitic alteration suite, with actinolite representing a more proximal and epidote a
more distal alteration mineral.€. Sillitoe, 2010). A detailed analysis of this zoning pattern
follows in the discussion.

The Rebeffault zone exhbits an entirely different alteration assemblage. These gquartz

rich veins and biecias are sericiteand pyriterich, representing a lowulfidation epithermal
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alteration styleHowever, there is no paragenetic sequence developed for the fRelbebne

due to the fact that it falls outside the main focus of the study.

North and South Stocks

The north and south stocks exhibit mineralization consistent with the classic porphyry
model (Sillitoe, 2010). A full paragenesis ispresented schematicallp Figue 11 with
photomicrographs documenting crassting relationships in Figure 1Primary minerals within
the diorite (Td) intrusion include plagioclase (A hornblende, biotite, and quartz. Accessory
minerals are minor or obscured through alteratMost of the diorite exposed is equigranular,
but porphyritic textures are observed near the margins of the stocks, particularly evident in the
South Stock (Fig. 8 and 12\ Crystallization of primary minerals within the diorite melt
generally followsthe sequencdarger plagioclase phenocrystéed hornblende, followed by
euhedral biotiteandfinal interstitial quartz filling remaining open spaces. These textures can be
seenreadily in Figurel2 and are particularly clear in Figwd2A, 12F, and120. Dueto
pervasive potassic alteration assemblages overprinting primary melt crystallization, it can be
unclear which minerals are primary and which are secondary.

Potassic alteration in both stocks is exhibited through several different styles of
mineralizaton. Most obviously orthoclase veifiesrm stockworksin local areas (seen in g
12C-F). Orthoclase veining tends to be in stockwork patterns and occurs as veinlets,
approximately 50 to 100 microns in width. Veining tends to be more obvious in the poghyr
diorite. In more equigranulatiorite, orthoclase veining is less obvious, but occurs in grungy
selvages several millimeters wide (seen irn(236, Fig 12G). The groundmass is flooded with
orthoclase in both porphyritic and equigranular diorite wher it is potassically altereg@Fig.

12A-G).
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Primary Minerals Potassic Propylitic Sericitic

Plagioclase (~Anas) ——
Hornblende —
Biotite —
Quartz — ——
Orthoclase — - - - - -
Apatite

Anatase
Hydrothermal Biotite

Actinolite

Epidote

Chlorite
Pyrite —
-
Sericite —

Calcite

Figure 11. Paragentic diagram for the north and south stocks. See text for full discussion.

In local areas in both the north and south stock, silicification overprints orthoclase
veining, flooding, andeplacement of plagioclase rims. This is seen most prominently in sample
SG02-75C, where most of the groundmass is flooded with quartz. Relict phenocrysts of
plagioclase are rimmed by orthoclase, but overprinted by quarts. (2Hl, 1). Silicification
occurs locally and is only seen in a few examples .(Bijg Also associated with potassic
alteration assemblages are euhedral apatite phenocrysts, which selectively replace the cores of
relict plagioclase grains altered to orthoclase gFigJ, L). Additiorally, fine-grained (less than
10 microns) masses of anatase tend to rim relict plagioclase and occur through the groundmass

(Figs. 12K, R).
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Late within the potassic alteration assemblage, hydrothermal biotite occurs as veins and
clotted aggregates withthe groundmass, replacing primary hornblende, biotite, and other minor
FeMg minerals. Most hydrothermal biotite is altered to chlorite in the later propylitic
assemblage. Biotite veining is best exhibited in the porphyritic diorite and follows earlier
orthoclase veins (Fg 12C-F). Elsewhere, ratty biotite veins are observed as altered to chlorite
and crosgut silicification after orthoclase flooding @Fi12R). Clots of ratty biotite occur within
more equigranular diorite examples and represent reptatdeaf hornblende aggregates (Fig
12Q). Again, most of this biotite is altered to chlorite and also pyrite as part of the later propylitic
assemblage.

Propylitization is obvious in both hand sample and thin section. Hand samples tend to
exhibit a greenis hue, indicative of the greenish minerals actinolite, epidote, and chlorite.
Actinolite occurs as a higrelief, crosscutting mineral in the North Stock (Rgl2M-P).
Occuring at a similar time in the paragenesis is epidote, which forms outboardaatitiadite
assemblage. It is observed locally in the North Stock, but pervasive in the South Stock where it
replaces primary hornblendand also the cores of relict plagioclase altered to orthoclase
(Fig.12L). Chlorite is present as a major constituentaoth the North and South stocks and
replaces both primary biotitd=ig. 123 and hydrothermal biotite (Fsg12C, D, Q, R). Pyrite
also occurs in significant quantities within the propylitic assemblage, where it replaces
hydrothermal biotite and other figh minerals. Pyrite occurs as euhedmgistals(Fig. 12T), but
also in massive aggregates withokide minerals Kig. 12, T). Calcite is observed as a late
replacement of plagioclase and otherri@a minerals, which occur at about the same tifig.

11)as pyrite (Fig. 127, K).
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Sericite locally overprints late propylitic assemblageghis alteration style is
characterized by a complete replacement of relict plagioclase phenocrystslPSgT), and
also as a fingrained replacement of orthoclageoundmass (FigllT). It is likely that this
sericiterich assemblage represents a transition from cerdadbted porphyry alteration to a
more distal assemblage transitioning into advanced argillic assemblage8; @igtoe, 2010).

Consideratiorof a porphyryepithermal alteration transition follows in the discussion.
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Figure 12. Photomicrographs of the north and south stocks. A, B) Examples of biotite within both the north and
south stocksPorphyritic, primary biotite (A) occurs locally, but more common hydrothermal and shreddy biotite

(B) occurs as an alteration product throughout the matrix of both dioritic intrusielRs.PGtassic alteration is a
common alteration type throughout botiretnorth and south stocks. Locally, potassic alteration consists of K
feldspar veinlets that cross cut the main matrix (C, D) and later biotite uses these saumesfra favorable

pathwa. This style of alteration also floods the diorite groundmass, as observed through thin section and
accompanying stained billets.-I5 Ratty K-feldspar containing many fluid inclusions is commonly observed as
veinlets (G) and rims on primary plagioclase, (ll JL) Apatite locally occurs as an alteration product of
plagioclase and is commonly associated with later calcite. In some examples (L), epidote also occurs in association
with apatite and calcite, helping to define an epidote alteration zone isotlie stock.The presence of local
slicification (H, 1) probably markghe center of the main alteration system:PMIn the north stock, actinolite

occurs where epidote does in the south stock. This change in mineralogy reflects the fact that theckorth s
represents a more central alteration zone compared to the south stock. Q, R) Commonly hydrothermal biotite related
to the main potassic alteration pulsec@mmonly altered to chlorite in late propylitic assemblages.Tp Late

sericitic alteration osrprints all types of alteration in the south stock. Sericite selectively replaces plagioclase
phenocrysts. This represents a transition between the main stocks and adjacent brecdtammeisrographs U

and V represent granophyric textures preserttiwithe locally pegmatitic quartz syenite.
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South Breccia Zone
The South Breccia Zone is characterized by intense advanced argillic alteration
consisting of significant silicification and aluminosilicate assemblages (Figiré&dditionally,
there is a gnificant zone of quartalunite acid sulfate alteration. Based on the spatial
relationship of these alteration assemblages, the south breccia zone represents an advanced
argillic lithocap above a porphyry system (Sillitoe, 2010). A thorough examinatitire Gouth
Breccia zoneb6s geologic context follows in th
Silicification and leaching of original porphyry textures is the most ubiquitous alteration
type in the South Breccia Zone. All samples contain some form of vuggy silica alteration,
whether it is the main alteration style present (HiA) or occurs as breccia clasts within a
separate matrixHig. 14G). The samples within this area contain either quartz vugs or vugs that
have been subsequently filled with later alteration mineEalsedral pyrite occurs coeval with
massive silicification and leaching; this pyrite has been oxidized and replaced by hematite
pseudomorphgFigs. 14A, B). These grains tend to occur near and around quartz vugs and their
close association with silicificatiosuggests an early pulse of asidfate fluids. Silicification
tends to be pervasive and quartz rafgem fine-grained (Fig 14C) to subhedral pseugasper
textures (Fig14D), and even prismatic needike crystals (Fig 14E-H). Associated with this
quartzpyrite assemblage is also alunite, which occurs asgiiamed disseminations within the

matrix. The prismatic quartz tends to occur in vugs, overprinting a egalarite matrix.
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Acid-Sulfate Assemblage " Fe-oxide Breccia Oxidation

Pyrite —

Quartz (vuggy) e

Alunite — — —
Quartz —

Pyrophyllite —

Topaz =

Sphepe

Rutile —

Kaolinite ——

Cristobalite e J_

Hematite L

Chalcedony

Jarosite

Figure 13. Paragenetic diagram of the South Breccia Zone. Seéoteil discussion.

Later in this assemblagacid sulfate fluids evohdeand beeame more acidic, leaching
most cations, leaving behind an aluminosilicate assembldgeerals observed withinthis
aluminosilicategroundmass consist of pyrophyllite amgh&z, which do not occur together in the
same sample, but are considered tameivalent facies based on their relationships to other
associated alteration minerals. Topaz occurs as euhedral replacements of original volcanic
fragments (Fig 14K), and alsoas a clast within a rebrecciated cristobalite matrix.(E4.).
Pyrophyllite occurs as veinlets creastting vuggy silica (Fig14l) and also as fingrained
matrix material overprinting vuggy silica assemblade®). Rutile and/or anatassccur around
this stage as well, occurring as higdlief, highly birefringent rutile overprinting quartz and

topaz (Fig 14N). The main minerals withithe brecciatedgroundmassre kaolinite and alunite,



45

which occur togetherand constitute the majority of thebsered alteration in these samples
(Fig. 140). Alunite occurs as findisseminations within the kaolinite matrix, but also overprints
kaolinite locally. For example, in SQ1-72, late and coarse (28®@0 microns) alunite veinlets
crosscut the kaolinitealunite matrix (Fig. 14P-R). In other samples, alunite forms the majority
of the breccia matrix (Fidl4S) and the same alteration stage can be seen in alunitehdstad
within a matrix of cristobalitéFig. 14T). This cristobalite matrix, exhibiting multlp pulses of
cristobalite mineralization, contains clasts of alunite ather earlier alteration minerals (Big
14T-V).

The pulse of cristobalite occurs in association with more kaolinite (B)) and also
hematite. Hematite occurs as fine #stdinel disseminations within the overall cristobalite
matrix, obscuring cristobalite locally (Rgl4V, W). The presence of alunite and other advanced
argillic clasts is evidence that this breccia is late.

Chalcedony also occurs as a late alteration miremdl fills any remaining vugs and
pockets in various breccia matrices (FigtY) or in earlier clasts (Fgy 14Z, 14AA). Late
potentially supergendaolinite fills similar interstices (Figl4BB). Late oxidized fluids rich in

iron stanedmost samples anakidized anyremainingpyrite into hematite and other fegides.
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