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AB8TRACT

The Onaman property in nonhwestem Ontario hosts several unusual mesothermal gold

occurrences, in which gold is associated with chalcopyrite. lhis study examines two

showings with contrasting mineralization styles. The Ryne showing is underlain by

intermediate to felsic metavolcaniclastic rocks, and featores a brittle-duetile shear zone

with disseminated low-grade gold mineralizatioD, whereas the Hourglass showing

contains high concentrations ofgoId disseminated in narrow felsic dykes.

Mineralization proceeded with an initial stage 6f pyritization, which decreased aH2S and

.fO: of the Ouid, while coeval carbonatization decreased the pH These changes in

physico-chemical parameters lead to the second mineralization stage, in which pyrite was

replaced by arsenopyrite and pyrrhotite. Chalcopyrite and gold co-precipitated and both

replaced pyrite. The decrease in aH2S, which reduced Au(HSh· and Cu(HSh· stabilities,

was the principal control ofgold and chalcopyrite deposition.

The absence of copper in most mesothennal deposits is explained by the extreme

solubility of this metal as a bisulfide complex, which prevents its precipitation as

chalcopyrite. The rare occurrence of chalcopyrite at Onaman refleets unusuaUy low

solubility of copper due to the combined effeets of an abnormally low initial pH of the

fluid and a low fluidlrock ratio.
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SOMMAIRE

Le projet Onaman, situé au Dord-oue~ de l'ODtario~ comprend plusieurs indices d'or

mésothermal inhabituels, dans lesquels l'or est associé à la chalcopyrite. La présente

étude fait l'objet de deux indices aux styles de minéralisation différents. L'indice Ryne

comprend une zone de cisaillement ductile-cassante dans des roches

métavolcaniclastiques intermédiaires à felsiques dans laquelle la minéralisation en or est

disséminée et à faible teneur. L'or à l'indice Hourglass est disséminé dans d'étroits dykes

felsiques et concentré à de fortes teneurs.

La minéralisation est caractérisée par une pyritization initiale qui a diminué l'activité

d'H2S et la fugacité d'oxygène du t1uide~ alors que l'altération en carbonates diminuait le

pH. Ces changements physico-chimiques ont mené au second stade de minéralization

dans lequel la pYrite est remplacée par r arsénopyrite et la pynhotite. Aussi, la

chalcopyrite et l'or ont co-précipité et ont tous deux remplacé la pyrite. La réduction en

aH2S a induit une diminution de la stabilité des complexes Au(HSh- et Cu(HSh- et fut le

contrôle principal de la précipitation d'or et de chalcopyrite.

L'absence du cuivre dans la plupart des gisements d'or mésothermaux est expliquée par

sa solubilité extrême lorsque complexé avec le soufre~ ce qui empêche la précipitation de

la chalcopyrite. L'association or-chalcopyrite observée à Onaman est due à la solubilité

du cuivre inhabitueUement faible, puisque le pH de départ du fluide était anormalement

faible, ainsi qu'au faible rapport fluide/roche.
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PREFACE

This thesis was initiated as a collaboration between the author and bis supervisor,

Professor AE. Williams-Jones. The thesis comprises four chapters, of which one is a

manuscript that has been submitted for publication to Economie Geology. Data was

eollected by the author through geoehemieal studies, petrography, microprobe work, and

isotopic studies. Prof AE. Williams-Jones provided adviee on research methodology,

and helped evaluate and interpret researeh results, and critically reviewed the manuscript

ofwhich he is co-author.

The thesis was written in the Corm of a journal manuscript, entitled Gold minera/ization

and wal/rock a/teration at the Onoman property, Ontario, in accordance with the

regu1ations put Corth by the Faculty of Graduate Slodies and Researeh at MeGill

University. In addition to the manuscript, an introduction including objectives and a

Iiterature review, a chapter on regional geology and a conclusion were ineluded to

provide a comprehensive description ofthe research.
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INTRODUCTION

Archean mesothermal gold mineralization, also descnDeci as lode-gold, has been studied

extensively in the past SO years. Canadian and Australian deposits have been compared,

and severalgenetic models have been proposecl to explain the genesis ofepigenetic gold­

only deposits in similar geological settings ail over the world. This class of deposits is

found in greenstone belts composed ofboth volcanic rocks and clast:ic sediments, e.g. the

Abitibi Belt, Canada (Hodgson, 1993), and ytlgam Block, Australia (Groves et al 1989).

Characteristic features are a high Au:Ag ratio (between 1: 1 and 10: 1), an extensive

venical continuity, carbonate-dominated hydrothermal akeration except at high

metamorphic grades, a spatial association with felsic intrusions, and a temporal

association with regional metamorphisDL The deposits form near major faults and on

subsidiary structures that are parts of regional deformation corridors charaeterized by

faults and high-strain zones of a brittle to brittle-ductile nature (Groves et al. 1989).

These faults aet as fluid conduits, are associated with strong carbonate-rich hydrothermal

akeration (Hodgson, 1993, Phillips, 1986), and are commonly localized around the

contaets between different lithofacies, e.g., the Cadillac break (Hodgson and MacGeehan,

1982). F1uids travellong distances vertically and mineralization is developed along much

of the transport path, which implies interaction between the tluid and a variety of host

rocks (Mikucki, 1988). The depth of formation of mesothermal gold deposits ranges

ftom 3 to 18 km, corresponding to pressures of 1 ta S kbar, and to a temperature range

tram 200 ta 7000 e (Ridley et al. 1996). However, most deposits fonn at depths of3 to 12

km, (le., pressures of 1 ta 4 kbar) and temperatures of 250 ta 400°C (Hodgson, 1993).

The geological context for mesothermal gald deposits usually involves the presence of

2
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tbree rock groups: High-Mg matic and ultramafic volcanic and intnasive rocks, clastic

sedimentary rocks, and felsic inttusions. Most deposits are hosted by matic or ultramafic

metavolcanic rocks, especial1y when classified as "medium temperatureu (Mueller and

Graves, 1991), and the metamorphic grade is greenschist facies. The aftinity of the host

rocks is usually tholeiitic, e.g., al Kirkland Lake (Kishida and Kenich, 1987),

Chibougamau (Dubé et al. 1987), in the Yügam Block (Mueller and Groves, 1991,

Phillips, 1986), and in most ofthe Abitibi bek (Hodgson and Hamilton, 1989).

Mineralization

Gold mineralization in mesothermal deposits is usuaRy of two major types: 1) gold­

bearing quartz and quartz-carbonate veins, veinlets and stockworks; and 2) disseminated

gold in altered wallrock with pyrite-quartz-carbonate-albite replacement zones. MineraIs

associated with gold mineralization are quartz, carbonates, albite, sericite, pyrite,

arsenopyrite, pyrrhotite and other sulfides, tellurides, tourmaline, scheelite, and

molybdenite (Hodgson, 1993). As a consequence of the vertical extension of these

deposits, gold mineralization rarely disappears at depth, although grades and lateraI extent

of akeration may decrease (Ridley et al 1996). AIso, pyrrhotite replaces pyrite as the

major sulfide phase associated with gold at mereasing depth, as seen in the Hollinger­

McIntyre mine near Timmins (Hodgson, 1993), and Australian deposits of the Yügam

Block (Ridley et al 1996). This is thought to be a result of the decreasing degree of

sulfidation (Mueller and Graves, 1991). High gold values have been successfully

correlated with aheration assemblages, especial1y the coincidence of muscovite (sericite)

and albite (Kishida and Kerrich, 1987).

3



•

•

Alteration

Hydrothermal akeration is probably the most discussed and studied feature of

mesothermal gold deposits and is generally zoned laterally, although the aetual minerai

assemblages developed vary with the host-rock lithology (Bohlke, 1989), the

metamorphic facies, and the temperature of the fluid. The akeration is generally not

zoned vertically, suggesting that the distances of vertical fluid advection are orders of

magnitude greater than those of lateral infihration (Ridley et al 1996). For mesothermal

gold mineralization hosted in rocks metamorphosed to greenschist facies, the lateral

zonation starts with the occurrence of distal chlorite coexisting with reliet primary

pYr0xene aod metamorphic mineraIs. rus zone has been referred to as the outer

propylitic zone, and cao be followed for distances oftens to hundreds ofmeters from the

Iode system (Mueller and Groves, 1991). Calcite is commonly associated with distal

chlorite (Dubé et al 1987). Moving inward, the chlorite is graduaUy replaced by

carbonates and albite to fonn a zone dominated by ankerite and albite adjacent to the

mineralized veins or hosting disseminated mineralization (Mountain and Williams-Iones,

1995). Sericite is also found in the nüneralized zone, along with pyrite (Mueller and

Groves, 1991). The carbonate akeration is represented by different mineraIs depending

on the host: rock, and is commonly zoned from calcite distal to mineralization, to Fe-rich

carbonates closer to the Iodes (Smith and Kesler, 1985). The carbonate zone is best

developed in matic volcanic rocks (Groves et al 1989), in which Fe- and Mg-carbonates

are the main aheration minerais (Guha et al. 1991); in rocks of felsic and intermediate

composition, calcite is the main carbonate minerai (Hodgson, 1993).

4
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Ore fluid chemistry

The nature of the fluids responsible for mesothennal gold mineralization is broadly

known as a result ofDUJDerOUS studies of fluid inclusion thermometty and chemistry, and

alteration assemblage stability. This review is based on the work of Mikucki (1998).

Fluid inclusion studies have shown that the hydrothermal fluid involved in mesothermal

gold mineralization is dominantly aqueous, and rich in carbon dioxide (0.05-0.25 Xeo2).

Methane seems to be important only in reduced carbon-rich environments, such as

graphitic sbales. Salinity is relatively low « 10 wt % equivalent NaCI). The small

concentration of chlorine also explains the low mobility of base metals in lode-gold

environments (Phillips, 1986).

Phase diagrams ilIustrating the stability conditions of alteration assemblages indicate that

mineralization occurs at a near-neutral or slightly alkaline pH (5.2-6.8), which, in the case

of greenschist facies host rocks, is buffered by albite and sericite assemblages. The

dissociation of HCIO and H2C~o with cooling decreases the pH of the fluid and the

excess If" is fixed in the wallrock by sericite, along with alkalis (Na, K) transponed by

the fluid. Based on silicate-sulfide and sulfide-oxide (magnetite) assemblages, the

oxidation state of the fluid is fairly constant, in the field of reduced suIfur. The suIfur

content ofthe fluid decreases with decreasing temperature.

5
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Physico-chemica/ controls ofminera/ization

Under mesothermal conditions, gold is transported in the f1uid mainly as a bisulfide

complex (Seward, (973), Au(HSh- being the dominant species in neutral to slightly

alkaline conditions (Henning and Seward, 1996). ChIoride complexes are unimportant at

greenschist facies conditions as they are only favored at low pH, high oxygen fugacity,

high chlorinity, and high temperature (Gammons et al. 1997). It was thought tbat the role

of Au(HS)O would inerease at higher temperatures (Henning and Seward, 1996), but

recent studies have shown that Au(HS)O is important only at temperatures onder 300°C,

the lower limit of the range of f1uid temperatures at which mesothermal deposits are

predieted to form (Mikucki, 1998).

Gold mineralization occors when aqueous gold complexes become unstable as a result of

a change in the physico-chemical conditions. One ofthe most important ofthese changes

is a lowering ofaH2S as a result ofsulfidation ofthe waUrock through pyritization. This

serves to destabilize the species Au(HSh- by reversing the complexation reaetion:

Au + 282S + ~Ü2 = Au(HSh- + Ft + Ydl20.

The high FeI(Fe+Mg) ratios of the host rocks, and the common association of gold with

Fe-sulfides support the sulfidation model (Groves et al. (989). Another change that cao

be favorable for gold deposition is the lowering ofait" as a resuh of the carbonatization

ofthe waUrock (Ridley et al 1996), in the reaclion:

Au + 28S- + ft +~~ =Au(HSh- + Y:zH20.

6
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Other meehanisms involve the earbonatization of minerais eontaining oxidiz.ecl iron

(magnetite) that will oxidize the tluid (Hodgson, 1993), and unmixing ofH20 and C~,

eoupled with tluid-roek interaction that would lower the C~ content. This proeess has

been proposed to explain the mineralization at the Sigma mine in Val d'Or (Goba et al

1991), where a rapid drop ofpressure due to ftaeturing could have caused the unmixing

ofC~ ftom the aqueous phase (llobert and Kelly, 1987). Other possible gold depositing

processes discussed in the past include the adiabatie and conductive cooling of the ore

tluid, mixing with another tluid (Mikuc~ 1998), and pH inerease accompanying

sericitization offeldspar in the waUrock (Hodgson, 1993).

PROBLEM AND OBJEcrIVES

The Onaman prospect is the object ofa mining exploration project~ and comprises several

gold occurrences, hosted by different lithologies, and refleeting more than one

mineralization style. Conventional exploration methodologie~ including geophysical

SUIVey~ were unsuccessful al finding new targets for the company, Cameco Gold IDe.

The research projeet discussed in this thesis was therefore designed to develop a new

exploration approach based on an understanding of the geochemical controls of the gold

mineralization.

Although the geochemical signature for mesothermal gold mineralization varies among

deposits (Hodgson and McGeehan, 1982), many features of the process are share~

including the transfer ftom the tluid phase to the rock ofC02, K, S, H20, and Na (Guha et

al 1991). Recognition ofthese features is important because oftheir potential to inerease
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the size ofthe explontion target. A major interest ofthis study was therefore to identify

the signature of the hydrothermal event that produced the gold. This was aceomplished

by deciphering the effects ofhydrothermal aetivity on the rocks hosting the deposit, ie.,

the alteration, and relating these to the physico-chemical controls ofgold mineralization.

The study is based mainly 00 information ftom two gold occurrence~ oamely the Ryne

and Hourglass showings.

METBODOLOGY

The objectives ofthe research were pursued with the help of

1) A program of fieldwork at the Onaman property, Ontario, including driI1 core lopg,

trench mapping, and sampling ofrocks for petrographie and geochemical analyses.

2) Geochemical analyses by INAA, four-acid digestion ICP, and ICP-MS for clements

related to economic mineralization, by ICP-MS for major and trace elements, bya XRF­

pressed pellet method for a selection of trace element~ by cold-vapor for Hg, and by

Leco induction fumace for C and s. The geochemical data acquired were used to

determine the mass changes accompanying alteration.

3) Compilation of the data acquired by Cameco Gold IDc., including bulk-rock analyses,

that were used in the mass transfer calculations.

4) Petrographic examination to identify primary and secondary mineraIs and detennine

the texturai relationships among them.

S) Microprobe analyses to detennine the chemical composition of ore and gangue

minerais, correlate chemical variations with changes in texturai relationships, and

calculate mineraI aetivities.
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6) Su1fur isotopie analyses ofpyrite grains to determine the source of suIfur. The pyrite

grains were manually sepuated trom the crushed samples, or meehanieally concentrated.

7) Carbon and oxygen isotopie analyses ofankerite to determine the source ofcarbon and

the source ofthe f1uid.

8) Thennodynamic analysis of stability relationships among alteration and mineralization

minerais.

PREVIOUS WORK

Mining and exploration

The Onaman projeet is located in an area that has been intensively prospeeted sinee the

1910's. Several past and present minerai exploration properties are located nearby, and

prospeaors have regularly staked elaims in the area since the tirst goid discovery in 1915.

The Tash-Om Mines, situated 8km northwest of the Onaman property, produced 320 kg

of test gold ore grading 32 glt in 1917. Six kilometers northwest of Onaman, the Adair

prospect produced 34 tons of goid ore yielding 14 glt from a 10m vertical sbaft in 1924.

A sman mine was established during the 1930's north of Tashota Station, eleven

kilometers NNW ofthe Onaman project but did not produce any ore (Amukun, 1977). A

shaft was sunk to 100m at the Wascanna mine prospect seven kilometers Dorthwest of

Onaman that produced 450 kg of test gold ore grading 36 glt in 1937. The Tashota­

Goldfields mine, loeated 13 km south ofOnaman, produced a total of395 kg ofgoId, 465

kg ofsilver and 260 tons ofcopper between 1935 and 1938 (Thurston, 1980). However,

all goid exploitation in the Tashota area has been minor and overshadowed by the
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important production ftom the Beardmore-Geraldton mining camp, 60km south of the

Onaman property.

The most extensive modem exploration of Onaman ad surrounding areas was in the

1970's and included trenching, diamond clrilling md underground development

(Amukun, 1977), and prior to the current exploration by Cameco Gold Inc., only Sherrit

Gordon Limited, Noranda Exploration Co. Ltd. and Bolmer Gold Mines have explored in

the area, and their work was limited to geophysical surveys, sorne trenching and

reconnaissance diamond clrilling on areas overlapping the Onaman property (Osmani,

1999). Cameco Gold Inc. carried out trenching, channel sampling, and diamond clrilling

on the property in 1998 and 1999 (Osmani, 1999).

Research

Academie work in the area includes an early study of the gold potential of the Onaman

area (Girvin, 1924), a study of the structural controls of mineralization in the Tashota­

Goldfields mine (Flaherty, 1936) and an &heration study ofa massive sulfide occurrence

14 kilometers ssw orthe Onaman property (Osterberg et al 1987). Regjonally, McBride

(1987) related gold mineralization of the Beardmore-Tashota area to teetonic evolution,

Anglin et al (1988) constrained the timing ofgold and base metal mineralization of this

area using V-Pb geochronology, and Anglin and Franklin (1989) used Pb isotopie data to

investigate the source of this mineralization. Finally, a MSc thesis mapping projeet

including an akeration study is currently underway al the Marshall Lake Cu-Zn-Ag

prospect, ISkm northwest ofOnaman, and (Straub, 2000).
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MAPPING

Gledhill (192S) produced the first geological map of the Onaman area, which was

subsequently remapped by the Ontario Geological Survey in the 1970'5, at a scale of

1:31,680. Gold mineralization received only cursory attention in this latter mapping

program, the information coming mainly ftom assessments file by mining companies.

Most ofthe detailed mapping was reserved for the Beardmore-Geraldton segment, which

has produced more than 4.1 million ounces of goId and 2S0,000 ounces ofsilver ftom 19

mines. This gold mineralization is largely epigenetic (Anglin et. al 1988), and related to

iron formations. The deposits occor mainly in veins, shear zones and breccias (Mason

and McConnelL 1983).

The area was mapped MOst recently in the 1990's by the Ontario Geological Survey. This

work was at a regjonal scale, and ooly fieldwork snmmaries have been published to this

date (G. Stott, personal communication). Finally, Cameco Gold personnel prepar~d

detailed geological maps in 1997-8 of an area of 19 km2 (18 unpatented mining claims

representing 119 claim units).
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CHAPTER2

Regional and property geology
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REGIONAL GEOLOGY

Litho/ogy

The Onaman property is situated in the Gzowski-Oboshkegan area, interpreted to be one

of the volcanic centers of the Onaman-Tasbota greenstone bek, which is located in the

Eastern Wabigoon Region (EWR) of the Wabigoon Subprovince of the Superior

Province, northwestem Ontario (Fig. 1). This part of the Wabigoon Subprovince still is

poorly understood, in part because the typical WabigooD stratigraphy, which is dominated

by matic metavolcanic rocks at the base ofa supraClUstal rock sequence, is apparently Dot

present (Blackburn et al, 1991). No matie tlows were found in the Gzowski-Oboshkegan

area. However, it bas been observed that metavolcanic units in the EWR are elustered

around volcanic centers (Blackburn and Johns, 1988), such as the Gzowski-Oboshkegan

center.

The Onaman-Tashota area is separated ftom the better-studied Beardmore-Geraldton beh

by a sequence of andesitic to rhyolitic south-youngïng volcanic rocks (Blackburn et al

1991), and comprises the northem, east-west &triking segment of a z-shaped greenstone

beh. The southwest-northeast trending part of the "z" links the Onaman-Tashota beh

with the Beardmore-Geraldton greenstone belt, 60 km to the south. This central part of

the greenstone belt consists predominandy of mafic metavolcanic rocks, and includes a

narrow body ofconformable felsic metavolcanics. Felsic inttusives and migmatitic rocks

occur on both sides of the belt, which bas been inttuded by younger matic rocks
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(ThurstOD, 1980). The nonhem part of the belt comprises the Tashota (western end) and

Gleclhill Lake (eastem end) areas, which were mapped separately by the OOS, and CID be

distinguished by the relative abondance ofmafic and felsic rocks. The Gledhill Lake area

comprises equal proponions of mafiç and felsic metavolcanics, subordinate clastic and

chemical sediments (sandstones and iron formation) and minor proponions of mafic

intrusives (Am~ 1980). By contrast, the Tashota area is composed mainly of mafic

metavolcanic and intrusive rocks, except the Onaman property, where intermediate to

felsie metavolcanic rocks predominate. Clastic sedimentary rocks are also present

(Amukun, 1977).

Metamorphism and regiona/ structure

The metamorphic grade of the Wabigoon Subprovinee is mainly mid to lower

amphibolite facies and lower than that of the adjacent subprovinces. Temperature and

pressure are estimated to have been generally about S00-600°C, and <3.4 Gpa~

respeetively (Easto~ 2000). Higher metamorphic grades occur at the margins of the

subprovince, and maximum temperature and pressure are estimated to have been 7S0oe

and 0.3 to 0.4 OPa respeetively. Peak metamorphism is interpreted to have postdated

major folding events (Blackburn et al, 1991). Metamorphie grades in the Onaman­

Tashota greenstone belt were generally lower than elsewhere in the Wabigoon

Subprovince, varying from lower greenschist to lower amphibolite facies (Amukun,

1977). On the Ooaman property, regional metamorphic grades were ftom lower to mid­

greenschist facies, wbich is evident from the presence of chlorite, sericite, albite, iron

oxides and carbonates. Rocks with mineraI assemblages representative of hornblende
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homfels facies occur close to a granitoid stock, in the southwest part of the property

(Osmanî, 1999).

The rocks of the Onaman area have been severely deform~ and exhibit penelrative

deformation nom at least two tectonic events (Arnukun, 1977), although up to seven

episodes ofdeformation have been identified in other parts ofthe Wabigoon Subprovince

(Blackburn et al 1991). Regional folding is poorly understood because of the lack of

outcrops in the Onaman area. Interpreted axial planes have a northeast trend, and

isoclinal folds have been interpreted on the basis ofdips and Jack of elosure. Two major

fault trend directions are observed: NNW (NIOO) and WNW (N45°) (Amukun, 1977).

Geochron%gy

Published ages ofvoleanism vary widely. A rhyolite from the Onaman River area was

dated at 2769 Ma from U-Pb isotopie ratios in zircons (Anglin et al 1988). Some

voleanie rocks ofthe EWR have Pb model ages older than 2.8 Ga (Blackburn et al. 1991),

and galena from a massive sulfide occurrence south ofthe Onaman project was dated ca.

2900 Ma (Anglin and Franklin, 1989). It sbould be noted, however that model Pb ages

are notoriously unreliable.

PROPERTY GEOLOGY

Geologieal staff of Cameco Gold mapped the Onaman property at a seale of 1:5000 in

1997 and 1998 (Melrose, 1998), and reported the resuhs of their work in a series of
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unpublished company reports (Fig. 2). The foUowing geological description is based on a

1999 report by Osmani.

The propeny is underlain by steeply dipping massive to pillowed mafie metavoleanics

and vesicular flows, which are overlain by a thick sequence of intermediate to felsic

metavolcaniclastic rocks. Thin units of siltstone and argi1lite oceur within both the mafie

and intennediate to felsie volcanielastics, while conglomerate overlies the latter. Several

gabbro bodies and quartz-feldspar porphyry and felsite dykes intrude this sequence, and

were intruded in tom by late Arehean granitoid dykes and stocks, and Proterozoic diabase

dykes ofthe Matachewan (2.45 Ga) and Marathon (2.17 Ga) swarms.

Mafic metavo/canics

The basal mafic metavolcanics are both phyric and aphyric, and range from fine- to

medium-grained. They cover approximately one fifth of the property and are

concentrated in the north. Their thickness is unknown. Weak carbonate and ch10ritie

akeration is widely observed. Geochemically, these rocks are tholeütie to cale-alkaline in

affinity.

lntermediate metavo/canic/astics

The overlying intermediate to fclsie metavolcaniclastie sequence consists dominantly of

pYfoclastic and epielastic rocks, comprising mainly lapilli mtt: blocky tutt: tuff breccia,

and finer-grained crystal and ash tuf[ Lithic fragments are commonly quartz- and
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plagioclase-phyric in an aphyric to quartz-phyric, chloritizecl and sericitized matrix. The

matrix can be difticuh to discem nom the fragments when the latter are tightly packed

because the matrix and fragments are compositional1y similar. Fragments with coarse

quartz and feldspar crystals are probably derived ftom quartz-feldspar porphyry

intnlsions, which were emplaced in the intermediate to felsic metavolcaniclastic rock

sequence. Primary textures are preserved only in fragments. Based on whole-rock

geochemical analyses (Osmanï, 1999), the intermediate to felsic volcaniclastics have a

cale-alkaline aftinity and are largely dacitic in composition. Andesitie and rhyodacitic

varieties oecor 10caUy.

Metasedimentary rocks

elastie metasediments are a minor rock type on the property but are widely distn"buted.

They occor mainly as lenses (a few cm to 20m thiek) interbedded in the intermediate to

felsic metavolcaniclastie units, and less commonly in the matie metavoleanics, and

consist mainly of argillite (locally graphitic) and agillaceous sütstone. A thin unit of

polymictie conglomerate with interbedded siltstone, wacke, and quartz arenite overlies

the intermediate to felsie metavolcaniclastics uncomformably. The elasts in these

eonglomerates are angular to rounded, range in diameter ftom a centimeter up to 1 ID, and

are composed of matie and intermediate to felsic metavoleanics, siltstone and argillite,

quartz-feldspar porphyry, and gabbro. Granitic clasts are rarely found, except in one bed,

in whieh they are a minor component.
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Intrusions

Gabbro stoc~ dykes and sills cover a quarter of the property and vary fiom fine- to

coarse-graine~ although MOst are medium-grained. Locally, they may be porphyritic

with plagioclase crystals commonly reaching up to 7 cm in length. Xenoliths of country

rocks are found in the larger intnlsions. Magnetite is commonly present, particularly in

the northem part of the property where the gabbros produce strong magnetic anomalies.

Geochemically, the gabbros are similar to the mafic metavolcanics. An u1tramafic dyke

was identified from bulk-rock geochemical analyses of samples from outcrop and drill

core.

Felsic stocks, dykes and sills occur throughout the property and are Iargely porphyritic,

containing quartz and feldspar phenocrysts, and locally amphibole. Three generations of

felsic intrusions can be distinguished. Older stocks and dykes consist of medium- to

coarse-grained cale-alkaline to mildly alkaline granitoid rocks (diorite, monzonite and

monzodiorite and rare lamprophyres), and their REE trends are similar to the sanikutoids

emplaced during the late Archean in the Superior Province. Their emplacement was

probably coeval with that of the polymietic conglomerate, since these intrusions cut the

conglomerate, which contains granitic clasts. Two generations ofhypabyssal felsic dykes

were distinguished from the older late Archean granitoids on the basis of their textures.

Their exact timing relative to the granitoids is unclear. Early quartz-feldspar porphyries

and felsite dykes are tonalitic and are invariably deformed and akere~ suggesting pre­

deformation emplacement. By contrast, younger porphyries and aphyric dykes are

typicaUy granodiritic in composition, and generally massive to weakly foliated. Quartz-

18



•

•

feldspar porphyries ofboth ages are typicaUy cale-aIkaline, suggesting that some ofthese

intrusions are subvolcanic sills related to the metavolcaniclastics, whereas felsite dykes

are wea1dy alkaline and may be related to the late Archean gnnitoid stocks.

Diabase dykes are the youngest rocks on the pmperty. They are massive, magnetic, and

range in width nom <lm up to 6Om.. Two types occur: 1) N to NE striking, fine-grained

to aphanitic, 2) NW striking and plagioclase-phyric. No erosscutting relationship was

observed in outcrop.

Structure

Rocks on the property have been subjected to two major episodes of regional

deformation. The dominant foliation was produced by 02, and is generaUy conformable

with bedding and layering in the metavolcanic rocks, striking west to west-southwest and

dipping steeply northward. Dl Cabries are locaUy preserved in~ fold closures. Based on

primary sedimentary features such as flame structures and graded bedding in

metasiltstone units, younging directions are toward the south; in addition, minor

asymmetric Z-folds and bedding-cleavage relationships indicate that the metavolcanie­

metasedimentary sequence on the property forms the BOrth Iimb of a south-verging

overtumed syncline (Thomas, 1998). Evidence of refolded minor structures, varying

from mesoscopic open folds through to tight isoclinal folds, is preserved in several parts

of the property, particularly to the south of the Ryne showing. Thus, the rock sequence

forms the central part of an E-NE-trending Dl antiform that has been refolded about a

NE-trending~ axis to produce a synform.
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Faults on the property have nonhwesterly or northeasterly trends. They have been

obsenred in drill core as narrow zones of brecciation (0.1 to 3m) and interpreted

geophysically. The fault movements are unknown (Amukun, (977), and these structures

are charaeterized by local offset lithologie contacts and limited flattening. Shear zones

are also observed on the property and may be distinguished ftom the faults by their

greater width (5 to 25m), a strong penetrative foliation and intense flattening of clasts.

Locally, there are narrow bands of reduced grain size and mm-scale laminae interpreted

to represent mylonitic shears. An absence ofk:nematic indicators suggests non-rotational

strain or pure shear flattening. The intense flattening and absence oflarge veins suggest a

brittle-ductile behavior of the shear zone. Brittle structures are represented by micro­

veinlets within the shear zone, which are locally eut by a series ofnarrow « 20cm) NW·

trending shear fractures (Reidel shears, or extensional crenulation cleavages) that host

deformed veinlets and associated alteration.

Shear zones typically represent a major structural control on mesothermal gold

mineralization, and the Onaman property is no exception. The largest of the shear zones

and the MOst prominent mueture at Onaman is the Ryne Deformation Zone (ROZ). The

ROZ is 15 to 25 m wide, and trends W-NW for 250 m (in outerop) across the south­

central part of the property, before il is disrupted or tnmcated by NE-trending cross­

faults. However, based on geophysical and drill hole data, the ROZ is interpreted to

extend 1.5 km west from the Ryne showing (Fig. 2), toward the Knucldethumb Lake area

(OstnallL 1999). The ROZ is characterized by well.developed schistosity, flattening of

volcanic/volcaniclastic/sedimentary clasts, and intense hydrothermal akeration. Other

20



•

•

important sbear zones on the property include two NW-trencling stnIetures that extend

between the Green Jimmy and MVP gold showings (Fig. 2), and between the Big Bear

and Hourglass gold showings. These shear zones were mainly interpreted by magnetic

and induced polarization anomalies, but in outcrop, they also display intense flattening

and hydrothermal alteration.

Alteration and mineralization

AlI outcrops sampled display evidence of intense hydrothermal akention, which makes

the distinction between regional metamorphism and alteration difficult. No ftesh

equivalents ofthe altered lithofacies were found. Least-altered samples of intermediate to

felsic metavolcaniclastic rocks are carbonatized (calcite), and in some cases sericitized

and chloritized. In mineralized zones, calcite is replaced by ankerite, giving weathered

surfaces a rusty color. Evidence of silicification and albitization is observed locally in

outcrop and driIl core, both in mineralized and unmineralized zones.

Gold showings 00 the property display three main styles of mineralization: 1)

disseminated in intensively akered sheu zones (Ryne, Big Bear, Cabin); 2) disseminated

in shallow intrusions, e.g., felsite dykes and porphyries (Hourglass); and 3) hosted in

pyrite-chalcopyrite-pynhotite-bearing quartz-carbonate veins (Big Bear, MVP, Green

Jimmy) and quartz-tourmaline veins (Claimline). The shear and intrusion-related styles

ofmineralizatioo are the most important in terms ofeconomic potentiaL These showings

commonly do not sbare the same lithology, and consequently, alteration assemblages and

mineralization styles differ among them.
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ABSTRAcr

The Onaman property in northwestem Ontario hosts several mesothermal gold showings

that are unusual because of the association of the gold with minor copper mineralization

and the contrasts in lithologies and stnletural setting. This study focuses on two showings

selected to represent the principal miineralization styles. ne Ryne showing is underlain

by intermediate to felsic metavolcaniclastic rocks, and features a brittle-duetile shear zone

hosting disseminated gold mineralization and high-grade quartz-tourmaline microveinlets,

whereas high-grade disseminated gold in the Hourglass showing is hosted by narrow

felsic dykes.

Similar alteration and mineralization parageneses are present at both showings. Early

quartz-albite alteration of the groundmass was overprinted by intense and pervasive

carbonatization. Sericitization and chloritization occurred tater. Ankerite is the dominant

carbonate minerai in mineralized zones, and only calcite is present in unmineralized

rocks. Altered/miDeralized rocks are enriched in Na and Ca, depleted in K, and Fe and

Mg behaved coherently and underwent minor gains and losses. Mineralization was

coeval with carbonatization and quartz ± albite ± carbonate ± tourmaline veining, and

involved deposition ofpyrite and its subsequent replacement by arsenopyrite, pynhotite,

chalcopyrite, and native gold/electrum. Chalcopyrite and gold crystallized together.
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Native gold and electmm compositions cluster in three groups based on their Ag

concentration, and more than one compositional group is commonly represented in a

single sample.

Oxygen and carbon isotopie ratios ofankerite soggest a metamorphic origin for the fluid,

and a possible mantle source for carbon. Sulfur isotopie ratios in pyrite correlate

positively with gold grades.

A model is proposed in which deformation of the volcanic pile lead to the formation ofa

shear zone, and created dilational zones aUowing dyke intrusion. Fluids of possible

metamorphic origin rose aloDg the pathways created by the shear zones and the dykes.

An initial stage of mineralization represented by pyritization of the host rock reduced

sulfur aetivity and oxygen fugacity. Contemporaneous carbonatization decreased pK

This evolution of the fluid produced the second mineralization stage, namely the

replacement ofpyrite by pyrrhotite and the penecontemporaneous crystaUization ofnative

gold and chalcopyrite. The changes in A, pH and aH2S favored gold deposition by

decreasing its solubility, while pH and sulfur aetivity decreases promoted chalcopyrite

deposition. In the case of both gold and chalcopyrite, decreasing H2S was the principal

control ofmineralization.

The unusual occurrence of genetically contemporaneous gold and chalcopyrite in the

Onaman mesothermal showings is explained by the faet that initial pH and fluid-rock

ratio were significantly lower than for MOst deposits of this class, thereby enabling bath
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gold and chalcopyrite to saturate in the ore fluids and deposit when reduetioDs in aH2S

destabilized Au(HSh· and Cu(HSh·.
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INTRODUCTION

AJthough Archean greenstone-hosted me50thermal gold mineralization has been the

subject ofintense study in a large number ofdeposits over the past sa years, most oftbese

studies have focused on goId- or gold-silver-only variants hosted by large quartz vein

systems (Robert and Kelly, 1987; Smith et al, 1984). Relatively few studies have been

canied out on disseminated mesothermal gold mineralization (see Poulsen, K.R, 1996,

for a review; Issigonis, 1980), most of which is younger than Archean e.g., the gold

deposits in the Appalachian orogeny (Ryan and Stnith, 1998; Evans, 1996) or developed

in rocks ofbigh metamorpbic grade, e.g., sorne of the shear zone and disseminated Iode

deposits descn"bed by Groves (1993). The number of studies describing copper-bearing

me50thermal gold deposits is simiJarly small (e.g., Jiang, 2000; Gaboury and Daigneault,

1999). Indeed, in most mesothermal gold deposits, copper concentrations are expeeted to

be below those of the host volcanic pile (Kerrich and Fryer, 1981; Groves and Foster,

1993) and predietably 50 because base metals, which are transported predominantly as a

chloride complexes, are not mobile in the low salinity, intermediate pH fluids that

transport the gold (Wood, 1987; Lydon, 1980).

In this paper, we describe a rare example of disseminated Archean mesothermal gold

minenlization and coexisting low-grade copper in the Onaman-Tashota greenstone beh

of the Archean Superior Province in Canada, and propose a model that explains the

genesis ofthe Ooaman showings, and similar mesothermal gold deposits elsewhere.
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GEOLOGICAL SETI1NG

Regional geology

The Onaman property is situated near the Gzowski-Oboshkegan volcanic center of the

Onaman-Tashota greenstone belt, in the Eastern Wabigoon Region of the Wabigoon

Subprovince of the Superior Province, nonhwestern Ontario (Fig 1) (Blackburn et al,

1991). Stratigraphically, the Onaman-Tashota belt is dominated by a sequence of basal

tholeiitic pillowed basalts and overlying cale-alkaline intermediate to felsic

metavolcaniclastic rocks. Thin units of iron formation and clastic metasediments are

intercalated in both sequences, and both locally overtie the intermediate to felsic

metavolcaniclastic rocks (Amukurl, 1977). Intrusive rocks include gabbro, diorite and

lamprophyre, and later large bathoHtic complexes of granitic intrusives (Fig. 1). The

Onaman property is located in an area underlain mainly by intermediate to felsic

metavolcaniclastic rocks, and minor clastic sedimentary rocks (Fig. 2).

Rocks in the Onaman-Tashota greenstone belt were sttongly defonned and display a

foliation defined by the alignment of micas and amphiboles, and the elongation of

pyroclastic fragments. Regional folding and faulting is &1i11 poody understood due to the

lack of outcrop (Amukun, 1977). Peak metamorphism postdated shearing and regional

folding events (Blackburn et al. 1991), and ranged ftom lower greenschist to lower

amphiboHte facies.
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Property geo/ogy

The foUowing description is based largely on the mapping of Osmani (1999). The

stratigraphie sequence on the Onaman property begins with an unknown thickness of

massive to pillowed and weakly carbonatized and chloritized mafic metavolcanics of

tholeütic to eale-alkaline afIinity. These rocks are overlain by intermediate to felsic

metavolcaniclastic rocks, both pyroclastic and epiclastic, comprising lapilli tuft: bloeky

tuft: tuff breccia, finer-grained crystal and asb tuft: and fragmentai rocks of unkno\W

origin. The fragments are commonly quartz- and plagioclase-phyrie, and are hosted by a

matrix offine-grained quartz, chlorite, sericite and carbonate. GeneraUy, the composition

of the matrix and fragments is similar, which makes distinction between them difficult,

where the fragments are tightly packed. On the basis oftheir chemieal composition, these

rocks are interpreted to be mainly dacitic and of cale-alkaline affinity. LocaUy,

compositions may range from andesitic to rhyodacitic.

Metasedimentary rocks occur largely as lenses of argillite, graphitic argillite, and siltstone

interbedded in the intermediate to felsic metavolcaniclastics, and, to a lesser extent,

intercalated in the matic fIows. A thin unit ofpolymictic conglomerate, siltstone, waeke

and quartz arenite overties the intermediate to felsic metavolcaniclastics. The clasts in the

conglomerate are angular to rounded, and can measure up to lm in length. Graded

bedcling and fIame structures in metasedimentary units indieate a younging direction to

the south.
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Metagabbro plugs, dykes and sills of tholeiitie affinity intrude the matie metavolcanics

and the intermediate to felsie metavoleanielasties, and larger intrusions contain xenoliths

of these UDÏts. They are generally medium-grained, although fine-grained gabbros and

plagioclase-phyric varieties with crystals measuring op to 7 cm in length oecor locally. A

single ultramafic dyke was also identified.

Three generations offelsic intrusions have been mapped on the property, aIthough two of

them and perhaps ail may be related. The earliest intrusions form stocks, dykes and sills

of diorite, monzonite and monzodiorite and rarely lamprophyre, are medium to coarse

grained, and range in chemical affinity ftom cale-alkaline to mildly alkaline. They are

thougbt to be of late Arehean age as their REE profiles are similar to those of sanikutoids

of that age in the Superior Province. These intrusions cut the polymietic conglomerate.

This, and the occurrence of granitic clasts, suggests that their emplacement was coeval

with coarse clastic sedimentation. Younger felsic intrusions oecor exclusively as dykes,

and comprise a set of pre-deformation (and alteration) quanz-feldspar porphyries and

felsites of tonalitic composition, and a set of massive, relatively undeformed and

unakered porphyries and aphyric dykes ofgranodiritic composition. Both generations of

porphyries are ofcale-alkaline affinity, but felsite dykes are weakly alkaline.

The youngest intrusions on the propeny are Proterozoic diabase dykes, which are

generaUy massive and magnetic, and range in thickness ftom <1 m up to 60 m. Two

varieties are discernable, one being fine-grained to aphanitic and N- to NE- trending, and

the other being plagioclase-phyric and NW-trending. No crosscutting relationships were

observed between these two classes ofdiabase dyke.
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Structural geology

Two regionai deformation events affected the rocks at Onaman. The tirst of these, Dt,

produced a major E-NE-trending utiform. However, other evidenee of this deformation

is not preserved exeept in the ciosures of D: folds where Dl Cabries, e.g., a crenulated

foliation, were recognized. The dominant foliation was produced by D: and is evident as

a weD-developed schistosity striking west to west-southwest, and dipping steeply to the

north. The foliation is generally parallel to bedding and layering in the

metavoleaniclastics, and is discordant only in the cores of rare mesoscopic NW-plunging

isoclinal folds and the E·NE trending antiform refeITed to above. This stnlcture was

refolded during ~ to produee a large south-verging overturned NE-trending syncline, as

indicated by minor Z-folds and bedding-cleavage relationships (Thomas, 1998).

Faults, observed in the field, and inferred from narrow (0.1 to 3m) breeciation zones in

drill core logs, regionallineaments and geophysieal data, are common on the property,

and follow two major trends, NW and NE. They 10caDy offset Iithological contacts and

display limited clast tlattening.

Brittle-duetile shear zones ne also common, and are distinguished from the faults by their

strong penetrative foliation and clast flattening, and 10caDy, narrow bands of mylonitic

shearing. The absence ofkinematic indicators suggests non-rotational strain or pure shear

flattening. The shear zones are typically 1S to 20 m wide, and retlect a dominantly

ductile deformation regime, in which brittle responses are restricted to narrow « 20 cm)
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NW-trending fractures (Reidel shears, or extensional crenulation cleavages) hosting

deformed microveinlets.

The most imponant sbear zone ftom the perspective of mineralization is the Ryne

Deformation Zone (ROZ), which trends 278°/70eJN and is discussed in the section on

mineralized showings. Two other imponant shear zones, because of their spatial relation

to mineralization, occur between the Green Jimmy and MVP gold showings, and between

the Big Bear and Hourglass showings, and trend NW (Fig. 2). These shear zones were

identified in outcrop (Oattened ftagments, strong foliation, hydrothermal alteration) and

trom magnetic and induced polarization surveys.

Metamorphism

Regional metamolphic grade reached lower to mid-greenschist facies as indicated by the

occurrence of mineraI assemblages in the metavolcaniclastic rocks containing chlorite,

sericite, albite and calcite, and biotite in matic intrusives. Talc was observed in an

ultramafic dyke. Adjacent to granitoid stocks in the Knucklethumb Lake area, the

metavolcaniclastic rocks al50 underwent thermal metamorphism to hornblende homfels

facies and contain fine-grained red-brown gamets.

MINERALIZED SHOWINGS

Although ten gold occurrences have been discovered on the Ooaman propetty, our

research focused almost exclusively on the Ryne and Hourglass showings, which are the
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two largest and best mineralized of tbese occurrences. They also represent the two main

styles of mineralization, namely disseminated gold in a shear zone, and gold hosted by

felsite dykes, respectively. FinaDy, they are the two most intensely explored occurrences,

and those for which most information is therefore available.

Ryne showing

The Ryne showiDg consists ofa ttench measuring 170 by 3S Dl, located in the southwest

part of the property (Fig. 2), and is mainly underlain by W-NW striking intermediate to

felsic volcaniclastic rocks and polymietic conglomerate (Fig. 3). Intrusive rocks are also

common, and take the form of large dykes ofgabbro, common quartz-feldspar porphyry,

aphyric felsite dykes, and Iate lamprophyre. Rare Proterozoic diabase dykes are also

observed. However, the dominant feature of the Ryne showing is a 15- to 25 m-wide

shear zone that trends W-NW for 250 m (in outcrop) before being tnmcated by NE­

trending faults. Based on magnetic and drill hole data, the Ryne defonoation zone or

ROZ extends I.S km west ofthe Ryne showing (Os~ 1999). The ROZ is Dl8DÜested

by clast flattening in the metavolcaniclastic and sedimentary rocks, by a strongly

developed schistosity, and intense hydrothermal alteration. It hosts ail the gold

mineralization, and is locaUy concordant with the metavolcaniclastics-conglomerate

contact.

Gold mineraIization is mainly disseminated and broadly associated with pyritization and

carbonatization (ankerite), which give the rocks a ru~ color. Gold also occurs in quartz­

tourmaline ± ankerite microveinlets, and rare quartz-tourmaline veins « 1 cm thick).
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Grades are erratie, but numerous samples yielded assays >S glt over 3.5 meters, and a

grab sample ftom a zone ofvisible gold yielded over 2000 gIt Au.

Bourg/ars showing

The Rourglass showing consists of a stripped area measuring 4S by 25 m underlain by

intermediate to felsic metavolcanielastics similar to those at the RYDe showing, and

intruded by two generations of felsic dykes (Fig. 4); an early, locally porphyritic variety,

and later aphyrie felsite. Both types are folded and therefore predated ~ deformation.

Early felsic dykes, including porphyries, generally trend N-S, have a variable apparent

thickness reaching up to 2 m, are deformed, display light hydrothermal alteration, and are

composed mainly of a mixture of plagioclase, quartz and amphibole. The later felsite

dykes are more commoD, are generally oriented sub-parallel to the main foliation

(WNW), are heavüy altered, boudinaged, and their apparent thickness is generaDy <0.5

m They are composed mainly ofquartz and albite, with minor ankerite and serieite.

Gold in the Hourglass showing is hosted almost exclusively by the later aphyric felsite

dykes, and is generaDy higher grade than at the Ryne showing; the best assay result

yielded 169.9 gIt over 0.5 ID. The host rocks are unmineraüzed, except adjacent to feIsite

dykes (within 2m oftheir contacts) where grades reach up to 2 g/t.

The Ryne and Rourglass showings are ooly 700 m apart, but their stratigraphie

relationship is UDelear because offaulting in the area. Rowever, the Rourglass showing is

on strike with the Big Bear showing and the two may be joined by a fault/shear
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(photolineament). Although there is no sign of intense shearing at Rourglass and the

metavolcaniclastics are only moderately foliate~ the Big Bear showing locally displays a

strongly developed foliation. The Ryne showing is located south ofthis tie line, but NE­

SW and N-S faults are found west and east of the showing, respectively, and could have

displaced the Ryne ''block'' southward.

Alteration petrography

Metavolcaniclastic rocks immediately outside the two mineralized showings (Ryne and

Hourglass) are composed of a fine-grained matrix of quartz and albite, and scattered

quartz and plagioclase phenocrysts, which are present in both the matrix and fragments.

They are altered pervasively by calcite, which replaced plagioclase and filled interstices

in quartz eyes. Calcite was overprinted by sericite, and sericite microveinlets cut across

zones ofcalcite. Sericite also replaced plagioclase crystals partially, or completely where

they escaped prior alteration by calcite; pseudomorphs composed of sericite and calcite

are common. Chiorite is an important constituent of the metavolcaniclastic rocks, an~

together with sericite, makes up to 15 to 50 % ofthe modal mineralogy. The proportions

ofsericite and chlorite vary from 5 to 50 and lOto 30 modal %, respeetively, according to

the host lithology, creating chlorite-green zones and sericite-white zones in intermediate

metavolcaniclastics and felsic metavolcaniclastics, respeetively. Zones of pervasive

chlorite eut sericite zones where both minerais are present, although the distnDution of

chlorite is al50 lithologically controUed. Minor proportions of ilmenite and rutile are

common. Rutile typically replaced ilmenite, forming skeletal crystals of the latter. Late­

stage calcite veinlets were observed.
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Mineralized metavolcaniclastic rocks have been replaced almost totally by secondary

minerais. The only reliets ofprimary mineralogy are common quartz eyes in porphyritic

fragments, and less commonly, the outlines of carbonatized and sericitized plagioclase

phenocrysts. Early alteration is represented by fine-grained quartz (30 to 70 % of the

modal mineralogy) and subordinate albite in the matrix, and albitization of plagioclase

phenocrysts. This alteration was overprinted by pervasive carbonate akeration, which is

the main alteration stage at the Ryne showing, generally representing between IS and 3S

% of the modal mineralogy. The most common carbonate minerai is ankerite, which

replaced both the groundmass and plagioclase phenocrysts (Fig. Sb); the latter are

preserved as pseudomorphs composed of carbonate and sericite (Fig. Sd). Ankerite filIs

embayments in quartz (Fig. Se), and therefore also post-dated this minerai. Simîlar

texturaI relationships are obselVed with albite. Ankerite, however, pre-dated sericite, as

shown by the occurrence of sericite crystals cutting across pervasive ankerite zones and

large ankerite crystals (Fig. St). Dolomite is restrieted to a zone of high-grade

mineralization, and occurs in veinlets that also contain ankerite and calcite in minor

proportions (Fig. Sc). The dolomite fills spaces around ankerite rhombs, and was

therefore introduced Iater than ankerite. Tourmaline oecors locally in the groundmass

and in some veinlets, and pre-dates sericite (Fig. Sa), but its limited occurrence precluded

interpretation of texturai relationships with carly alteration minerais. Sericite is locally

present as a pervasive alteration produet (it generany comprises <10 modal % but locally

up to -25 modal % ofthe rock), in which crystals are either pannel to the main foliation

or to veinlets. Chlorite and biotite developed Iate, replacing sericite. Where both minerais

are present, texturai evidence shows that chiorite was replaced by biotite.
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Up to tbree generations ofveinlet are present (ïncluding late-stage calcite-only veinlets).

The tirst generation veinlets contain ankerite accompanied by variable proportions of

quartz and albite.. These veinlets are variably oriented and common1y cut each other. The

second generation comprises veinlets consisting ooly of sericite. These veinlets cut

across ankerite patches, and insinuate between crystals in ankerite-quartz-albite veinlets.

Late-stage calcite-only veinlets cut across aU other minerai Cabrics, and are not considered

to have played an important role in the gold mineralizing event.

Intermediate to Celsic metavolcaniclastic rocks are hydrothermally altered tbroughout the

Hourglass showing, and display evidence of an alteration sequence similar to that of the

Ryne showing. Early albitization and silicification were overprinted by extensive

carbonatization, followed by pervasive sericitization of the groundmass and Iate

chloritization. Felsite dykes of the Hourglass showing also display a similar alteration

paragenesis (Fig. 6), despite their higher sillea content. Reliets ofplagioclase phenocrysts

are preserved as pseudomorphs composed of quartz and albite, and early alteration of the

groundmass is represented by a mixture of the same minenls (up to 75% modal quartz).

Quartz-albite veinlets cut the 8I'Ouodmass, and were foUowed by a set of quartz-albite­

pyrite ± Ail veinlets. Pervasive ankerite alteration was contemporaneous with or Iater

than the formation of these latter veinlets. Strongly defonned dykes are commonly the

most altered and may contain up to 30 modal % ankerite. Dy contrast, less defonned

massive felsite dykes show little carbonate alteration, even where highly mineralized.

Chlorite was found in trace amounts in only one sample of felsite dyke, and biotite is

totaUy absent.
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Minera/ization andore minera/ogy

Pyrite is generally the main sulfide phase in mineralized rocks at both the Ryne and

Hourglass showings, comprising between 2 and 10% and less than S% of the modal

mineralogy, respectively. Two generations of pyrite were identified based on texturai

relationships. Early pyrite was the filst sulfide mineraI deposited, and is generally

anhedral, but locally may exhibit a euhedral habit. The second generation occurs as

irregular overgrowths of g10bular shape on the early pyrite grains. Both types of pyrite

are common, thoup generally one generation predominates in any given sample. Early

pyrite frequently shows evidence of having been fraetured, suggesting pre-deformation

precipitation ofolder pyrite.

In addition to pyrite, pyrrhotite, arsenopyrite and chalcopyrite are commooly present at

both showings, although in minor proportions (Iocally, pyrrhotite is the principal sulfide

at the Ryne showing), while molybdenite occurs sparsely, and ooly at the Ryne showing.

Arsenopyrite replaced pyrite along fractures, filled embayments (Fig. 7t), and formed

inclusions in pyrite interpreted to be located a10ng aonealed grain boundaries between

crystals. At the Ryne showing, arsenopyrite also occurs as disseminated euhedral

crystals, as globular overgrowths on arsenopyrite or pyrite euhedra, and in the cores of

tourmaline crystals.

Pyrrhotite is either disseminated in the groundmass or formed by replacing pyrite (Fig

7a), as is evident from ils occurrence as a rim on pyrite crystals or as inclusions in
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aggregates of annealed pyrite grains (the inclusions are located along grain boundarîes).

Pyrrhotite aIso postdated arsenopyrite, filling embayments and fractures in crystals ofthis

mmineral (Fig. 7b).

Chalcopyrite is a minor minerai that occors primarily as disseminations in the

groundmass. Commonly, however, it fiUs fractures in pyrite or occurs along boundaries

between pyrite grains (Fig. 7d), and as strings of inclusions intetpreted to represent

replacement of pyrite by chalcopyrite along boundaries of annealed grains. In many

cases, curvilinear ftaeture-Iike features passing through pyrrhotite or chalcopyrite

tlinclusions" in pyrite confirm the interpretation ofreplacement along grain boundaries.

The only gold-bearing minerais identified are native gold and eleetrum. Gold grains

commonly exhibit a close spatial relationship with pyrite, occurring at the margins of

pyrite grains (Fig. 7e), and as inclusions-fike replacements along annealed boundaries

within composite pyrite crystals. Native gold grains at RYDe oecor in quartz-tourmaline­

ankerite veinlets (Fig. 7c), but are aIso disseminated in the host rocks. At the Hourglass

showing, the gold is disseminated mainly in the silicified felsite dykes.

ln many cases, the native gold is more closely associated with chalcopyrite than with

pYrite, commonly occuring as inclusions in chalcopyrite that has replaced pyrite (Fig. 7d).

Where chalcopyrite is included in pyrite, the chalcopyrite may cootain an inclusion of

native goId, suggesting possible co.precipitation of the two minerais. As discussed

above, these inclusions are interpreted to represent replacement aloug annealed

boundaries. Native gold and eleetrum were aIso observed in contact with sericite,
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ankerite, pynhotite and arsenopyrite. These texturai relationships suggest that gold

precipitated after the tirst generation of pyrite, and penecontemporaneously with

chalcopyrite, pynhotite, arsenopyrite (Fig. 8), and ankerite. Mineralization occured after

silicification and albitization, but contemporaneously with carbonatization (Fig. 6).

MASS CHANGES DVRlNG ALTERATION

Mass changes during alteration and mineralization were estimated using an immobile

element technique (MaeLean and Kranidiotis, 1987; Barrett and MaeLean, 1994).

Aluminum, titanium, zirconium and yttrium were interpreted to be immobile from their

co-linearity on isocon diagrams (Grant, 1986) (Fig 9). However, Zr fractionates early in

cale-alkaline rocks, preventing its use in monitoring mass changes during their alteration,

and Y was only analyzed in a small proportion ofsamples. Aluminum and titanium were

selected to monitor the extent of alteration, and provide information on igneous

fractionation. The alteration study was limited to metavolcanielastic rocks that could be

identified as lapilli tuffs and felsite dykes. Other volcaniclastic rocks were not included

in the study due to their geochemieal heterogeneity. For the same reasons, mass change

calculations were not conducted on the conglomerate present at the Ryne showing. BuIk­

rock geochemical analyses were perfonned by Actlabs IDe., and additional bulk-rock

geochemical data were compiled from company reports (the analyses were performed by

Chemex Labs me.).

The Jack of fresh rock in the Onaman area makes the calibration of Îgneous fractionation

trends difficult, as alteration coneentrates or dilutes immobile elements, thus displacing
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data on a binary immobile element diagram away from or towards the origin,

respectively. In order to overcome this problem, Archean calc-alkaline suites from the

Iiterature (Gélinas et aL, 1977; Goodwin, 1977; Hallberg et al, 1976; Ujike and Goodwin,

1987; Stott, personal communication, 2000) were compared to Onaman rocks on AhÜ3­

TiOz diagrams, and used to establish the magmatic evolutiOD (Fig. 10). Representative

geochemical analyses of metavolcaniclastic rocks from the Ryne and Hourglass

showings, and felsite dykes ofthe Hourglass are given in Table l.

The results of mass change caIcuIations (Table 2) show that lapilli tuffs from Ryne lost

frOID 5 to 20 % of their original Si (% of original wt.% value), but that felsite dykes at

Hourglass gained from 5 to 50 % Si Both lithologies generally gained Na, at least locally

(Ryne), a feature manifested by albitization and albite veining. Felsite dykes at Hourglass

gained an average of 46 % of their original sodium, whereas lapilli tuffs from the Ryne

showing locally lost up to 82 % Na, but elsewhere gained up to 50 % Na. The sodium

gains for both lithologies correlate positively with gold grades (Fig. 11), and suggest that

alhitization of lapilli tuffs and felsite dykes promoted gold deposition. Iron and Mg

underwent variable mass losses and gains, but behaved coherently ie., where Fe was lost,

Mg was also lost, and vice-versa (Fig. 12a). 80th volcaniclastic rocks and felsite dykes

underwent severe potassium mass losses averaging -25 (omitting outliers) and -1040 %,

respectively, and lOto 65 % calcium was added to both rock types, as a result of

carbonatization (Fig. 12b).

Correlation coefficients were determined for -30 trace elements. Significant weak

positive correlations for gold at Ryne were established with Cu (0.51, n=38), W (0.30,
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n=32), Hg (0.63, n=9), Te (0.37, n=11), S (0.35, n=21) and Sb (0.41, n=13). Base metals

other than copper do not correlate with gold, and silver concentrations are generally

below the detection Iimit « 1 ppm). As shown on Fig. 13, Cu concentrations above SO

ppm, W concentrations above 10 ppm, and Sb concentrations above Ippm correspond to

gold grades above 0.1!/t. Tellurium values above the deteetion ümit (> 0.1 ppm)

generaDy occur in samples with gold grades greater than 1 g/t. Sulfur concentration

inereases steadily with gold grade. Between 0 and 2.0 wt.% total sulfur, the gold

concentration increases from 0.005 to 10 g/t. In contrast to the Ryne showing, only Hg

cOITelates positively with goId grade in the Hourglass felsites. The concentrations of S,

Sb, Cu, W and Te are consistently low, even in the best mîneralized samples, and are

comparable to background values at the Ryne showing.

MINERAL CHEMISTRY

Hydrothermal minerais were analyzed using a JEOL 8900 eleetron microprobe with a

focused beam and an acceleration voltage of20 kV for sulfides and gold, a S J.1Dl diameter

beam and an acceleration voltage of IS kV for micas and feldspars, and a 10 J..LIIl diameter

beam and an acceleration voltage of 1SkV for carbonate minerais.

Alteration minerais

The alteration minerais analyzed were carbonates, plagioclase, sericite, chlorite and

biotite. Ankerite is the most voluminous carbonate in both the Ryne and Hourglass

showings, and ranges in composition trom Ca1.00Mgo.Jeo.54(C~h to
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Cal.ooMgo.67Feo.33(CO,h. In a single polished thin section (PTS), the concentration of

MgO cm vary by as much as S wt.% and FeO by as much as 8 wt.%. At the Hourglass

showing, ankerite is also the dominant carbonate mineraI, and MgO and FeO

concentrations also vary by up to S and 6 M.o/o, respectively, in a single PTS. There is a

weak positive correlation between gold grade and Mg concentration in the carbonate (Fig.

14), and, moreover, the highest gold grades are associated with the occurrence of

dolomite.

Despite several difFerent texturai and mineralogical associations, ail plagioclase feldspar

is nearly pure albite (Ab97). RegionaUy, albite is likely a produet ofmetamorphism (ie.,

the original plagioclase yielded albite and calcite), as weil as constituting a significant

local alteration minerai associated with mineralization. Other minerais analyzed include

sericite, which is phengitic muscovite with up to 4.9 wt.% FeO, 2.2 wt.% MgO, and 0.8

wt.% Na20, biotite, which is intermediate in composition between annite and eastonite,

and iron-rich chlorite.

Gold and sulfide minerais

Pyrite, arsenopyrite and pyrrhotite were analyzed for Fe, As, Co, Cu, Ni, Zn and s.

Arsenopyrite was also analyzed for Mn. Chalcopyrite was analyzed for C~ Fe, As, Ni

and S, and sphalerite was analyzed for Zn, Fe, Ni, Mn and S. Native gold and eleetrum

were analysed for Au, Ag, Hg and Cu.
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Pyrite compositions at Ryne and Hourglass are similar, with As, Co, and Ni being the

only significant impurities. Arsenic concentrations range trom <0.03 (detection limit) to

2.77 wt.% (avg = 0.25 wt.%), Co from 0.01 (deteetion Iimit) to 1.83 wt.% (avg = O.OS

wt.%), and Ni from 0.01 (deteetion limit) to 0.53 wt.% (av! = 0.04 wt.%). The highest

concentrations of arsenic occur in the cores of crystals. However, this is not tnle for

cobalt or nicke~ which, althougb. zonally distributed, may be concentrated towards the

cores or rims of grains. Furthermore, not ooly do Co and Ni not coD'elate with As, they

do not correlate with each other. The As content of early pyrite is generany higher than

that ofthe overgrowths and ranges from 0.05 to 1.63 wt.%, while that ofthe overgrowths,

ranges from 0.04 to 0.85 wt.%.

The average composition of arsenopyrite is Feo.9..Aso.89S, the only impurities being Co

and Ni, which were deteeted in trace concentrations at both showings. Chalcopyrite

generally contains only traces of As and Ni «0.08 wt.%) and no detectable cobah.

Sphalerite from the Ryne showing has an average iron content of 7.S8 wt.%

(Zno.9Feo.13S); concentrations of the other metals analyzed (Ni and Mn) were below the

deteetion limit. No sphalerite was found at Hourglass.

Native gold and electrum grains form three population groupings or clusters based on

their Ag content (5 to 12 wt.%, 16 to 21 wt.%, and 23 and 28 M.%) for both the Ryne and

Hourglass showings (Fig. 15). Moreover, 6 out of 17 gold-bearing samples contain grains

with compositions that ran into more than one cluster. However, these three

compositional classes of native goldlelectrum are indistinguishable from their mode of
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occurrence. Nevertheless, it may be worth noting that macroscopicaUy visible Dative gold

al the Ryne showing contains <7 wt% Ag. Copper and mercury concentratioDs were

below the detection limit (0.08 and 0.3 \\1.%, respectively).

STABLE ISOTOPES

Orygen and carbon

Ankerite in mineralized metavolcanics from the Ryne shoWÏDg aud nom mîneralized

felsite dykes from the Hourglass showing was ~ampledwith a low-speecl rotary drill for

carbon and oxygen isotopie analyses, performed at GEOTOP. Isotopie ratios for oxygen

and carbon, expressed as 8180 (SMOW) and ô13C (PDO), have a precision of±O.2 ~ and

range between 23.5 and 25.1 %0, and -1.6 and -2.6 %ca, respeetively (Table 3). The a180

composition of the fluid was caleulated from the equation of Golyshev et al (1981) for

dolomite-H:zO at temperatures of300 and 400°C. Values of 1000 ln a for dolomite-H20

are similar to those for calcite-H:zO, and can therefore also be assumed to be similar to

those of ankerite·H20. Calculated ô180 values for the fluid at Onaman rauges between

18.2 and 19.6 %0, and between 20.9 and 22.4 %0 at 300 and 400°C, respeetively. On a

Ôo-Ô
180 diagram (Fig. 16a), the isotopie composition of tluids ftom Onaman cluster in

the box for metamorphic fluids, at much higher a180 values than those oftypical Arehean

Iode gold deposits and Cretaceous deposits of the AIleghauy district ftom Califomia

(Ridley and Diamond, 2000; Bühlke and Kistler, 1986).
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The a13c ratio of the fluid was calculated using the dolomite-C~fractionation equation

ofOhmoto and Rye (1979) for 300 and 400°C, and ranges between-1.3 and-o.3~ and

-0.5 and +0.5 %0 for 300° and 400°C, respeetively. Carbon isotope ratios cannot evaluate

the source of carbon with certainty, but the heavier aIlC ratios for ankerite at Onaman

could be compatible with a mande origin (- -5 ~o) ftactionated to heavier ratios during

metamorphism (Kenich, (987). These ratios are similar to those ofmany deposits in the

Superior Province (Fig. 16b), including Hollinger-McIntyre and Dome in the Timmins

area (Kerrich, 1990).

Sulfur

Pyrite grains froID crushed samples of the Ryne and Hourglass showings were picked

manually onder a binocular microscope. The 834S values for pyrite at the Ryne shoWÏDg

range between +2.0 and +3.3 %0, and between +4.6 and +6.4 ~ in felsite dykes of the

Hourglass showing (± 1 %0, CDT) (Table 4). Gold grades correlate positively with

heavier sulfur isotopie ratios at the Ryne showing (correlation coefficient of 0.57, n=7),

and at the Hourglass showing, wbere the analysed samples aIl bave gold high gold grades,

Ô
34S values are consistently high (Fig. 17). A simUar correlation bas been reported for the

Red Lake area where non-auriferous samples yielded lower suIfur isotopie ratios than

auriferous samples (El Bitali and Hattori, 1998).
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DISCUSSION

Pressure-temperature conditiolls

Based on mineraI assemblages~ the mineralization at Onaman falls between two classes of

Iode gold deposits recognized by Hagemann and Cassidy (2000), in the Vilgam Craton,

Australia. The absence of amphiboles, K-feldspar and Ca-plagioclase restriets

temperature·pressure conditions to be below those ofthe mesozonal class (375-5S0°C, 2­

3 kbar). On the other hand~ pyrrbotite and chalcopYrite are typical ofmesozonal deposits.

Titanium minerais at Onaman include both rutile and ilmenite, which occur in epizona1

and mesozonal deposits, respectively. Most structures hosting Archean Iode gold

mineralization are of a brittle-ductile nature, in rocks of middle- to upper-greenschist

metamorphic facies, e.g., Timmins, Golden Mile (Groves and Foster, 1993), and typical

pressure and temperature estimates for these deposits vary between 200 and 400°C and

o.s and 2 kbar, respectively (MueUer and Groves, 1991; Groves et aI.~ 1989; Kishida and

Kerrich, 1987; Robert and Kelly, 1987; Smith et al, 1984). As MOst alteration mineraIs

at Onaman belong to the sballower of the two classes ofgold deposits, and two important

ore-stage sulfides (pyrrhotite and chalcoPYrite) are typical of the mesozonal class, we

tentatively infer that the p.T conditions were 2 kbar and 400°C.

F/uid evo/ution

The principal physicochemical contrais on gold deposition and hydrothermal alteration in

Iode gold deposits are generally thought to be temperature and/or pH and/or oxygen

fugacity and/or the activity ofreduced sulfur. In this section~ we evaluate the evolution of
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these parameters al Onaman from minerai stability relationships, su1fur isotopie variations

and metal (Au, Cu) 50lubility data. In 50 doing we assume that, as hydrothermal minerai

assemblages are the same at both Ryne and Hourglass, physicochemical conditions were

similar at the two showings.

Phase diagrams were constll1cted using SUPCRT92 (Johnson et al, 1992) and the revised

1998 SUPCRT database (Shoek, 1998), which incorporates recent experimental data for

gold bisulfide complexes from Benning and Seward (1996) and gold chloride complexes

from Gammons and Williams-Jones (1995). In figure 18, we show the stability fields of

minerais in the Fe-o-S system and selected ore and alteration minerais, and the solubility

contours of gold and copper as a function of log JO'J, and pK The concentrations of

components sueh as Na, ~ Ca, and Mg were estimated from published analyses. The

sodium and ehloride ion concentrations were assumed to be 1 m (-6 wt.% NaCI

equivalent), which is in the range of the salinity of mesothermal gold ore as estimated

from microthermometric measurements of fluid inclusions (Groves and Foster, 1993).

The potassium concentration was assumed to be 0.02 Dl, which corresponds to a NaIK.

ratio of 50, and is similar to that determined al the Sigma mine (Robert and KeUy, 1987),

and in the mesothermal veins ofthe Bechaz gold mine in-the Italian Alps (Diamond et al,

1991). The concentration ofCa was fixed at 0.003 m based on calcite saturation at 400°C

and XC02 - 0.1 (Mikucki and Ridley, (993). Magnesium concentration was estimated to

be 0.0003, one order of magnitude lower than Ca (Diamood et al, 1991; Robert and

Kelly, (987). Carbon concentration was assumed to be 0.1 ID, or 10 mole %, which is

similar to values from solid probe mass spectrometrie analyses of fluid inclusions (Guha
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et al, 1991), and corresponds to the value assumed for many Iode gold deposits (perring

et al, 1987).

The replacement ofpyrite by pyrrhotite constrains the 10gJO: of the ore fluid to a value

<-27.5, which is consistent with the occurrence ofchalcopyrite; the latter minerai is stable

at logj02 between -24.3 and -31.3 at the same value of ÛlS. The presence of ankerite

(adolomite = 0.6), puts the lower pH boundary at 5.1, wbereas the occurrence of pure

dolomite limits it 10caUy to a pH above 5.2. A slightly lower pH Iimit is provided by the

occurrence of albite, which replaces paragonite at a pH of 4.7. On the other band, the

absence ofK-feldspar and SYD- to late-mineralization development ofphengitic muscovite

suggests that pH did not exceed 6.3 (Fig. 18).

Figure 19 shows the field of stability of ore minerais at minerais at Onaman in terms of

log aH2S and logj02 at a pH ofS.S. At logj02 values constrained by the replacement of

pyrite by pyrrhotite and chalcopyrite (-27.5 to -31.3), log aH2S will have a value between

-1.3 and 0.6.

In addition to broadly constraining JO'1, pH and aH2S, the phase relationships discussed

above also provide sorne indication of the evolution in these parameters. The

replacement ofpYrlte by pyrrhotite indicates that the fluid evolved to lowerJO: and aH2S,

while the replacement ofplagioclase by sericite suggests that pH decreased (albeit syn- to

late-mineralization), since it reflects an environment of lower pH than albitization. This
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evolution ofthe fluid to lower pH is MOst evident, however, in the intense carbonatizatiOD

(CÛ2 metasomatism) which produced hydrogen ions via the reaction:

Fe1+, Mg2
+ + Caz

+ + 2 COz + 2 H20 = Ca(Fe,MgXCOJh + 4 ft

Further indication ofthe direction ofchange in these parameten is provided by the sulfùr

isotopie data, whieh correlate positively with gald concentration, ie., evolved to heavier

values. On figure 20, contours of a34Sp)TÏlc are shown as a funetion of 10g./02 and pH,

from which it can be seen that an evolution towards heavier ratios corresponds to an

increase of pH, or a decrease in oxygen fugacity at 10w or high initial log A,

respectively (Ohmoto, 1972). Given the evidence presented above that./02 likely

decreased with time from conditions ofpyrite stability to those ofpyrrhotite stability, and

that pH also decreased (albite to sericite; carbonatization), the evOlutiOD of Ô34S seems

best explained by a reduction injOz. From the range in Ô34S and the inferred 10g./02 of<­

27 during mineralization, the initial value of10gjOz is interpreted to have been between ­

25.0 and -25.8.

In summary, the physico-chemical changes of the fluid during mineralization were a drop

in aH2S of nearly 2 log units (from 0.9 to -1.3) and a drop inA of more than 2.5 log

units (from -25 to between -27.5 and -31.3), and an unevaluated but significant decrease

in pH in the interval 6.3 to 5.1. Whether or not there was an accompanying decrease in

temperature is not kno\W.
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Physico-chemical contrais ofminerali=ation

Experimental studies have shown that gold is present in ore f1uids mainly as bisulfide

and/or chloride complexes, with the latter predominanting at high temperature and low

pH. At the estimated physico-chemical conditions prevailing at Onaman, gold is

dissolved dominantly as a bisulfide complex, as shown by the gold solubility contours on

figure 18.

Gold precipitation at Onaman may have been triggered by changes in one or more of

three physico-chemical parameters. The estimated drop in A of >2.5 log units would

have reduced gold solubility by approximately 0.5 log units, and, if combined with a

decrease in pH of 0.5 log unïts, would have reduced its solubility by 1 log unit (Fig. 18).

However, the estimated drop in aH2S of nearly 2 log units would have reduced gold

solubility by no less than five orders of magnitude (Fig. 19). On the other hand, a

decrease in temperature would not have promoted gold deposition, as gold shows

retrograde solubility at temperatures in the range of those estimated for the Onaman

deposit (Fleet and Knipe, 2000). Based on the above, we conclude that the gold deposited

largely in response to the reduction in aH2S, but that the reduetions in A and pH may

also have contnouted to gold deposition.

As is the case for gold. experimenta1 studies have shown that copper dissolves

predominantly as bisulfide and chioride complexes in hydrothermal fluids (Mountain and

Seward, 1999; Xiao et al., 1998). In figure 18, we show solubility contours for

chalcopyrite, with the copper dissolved as Cu(HSh- and Cu(Clh-, and as is evident from
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this figure, Cu(HSh- predominates at the physico-chemical conditions estimatecl for the

Onaman showings. It was assumed that either pyrite or pyrrhotite provided the iron

needed to produce chalcopyrite. An important feature of this diagram is that the

solubility of copper as chalcopyrite reaches a minimum «10 ppm) on the pyrite­

pyrrhotite join at a pH of4, and then increases to a value of>lO 000 ppm (1 wt.%) at the

H2S-HS- predominance boundary. At the conditions ofA and pH initially prevailing at

Onama~ the solubility would have been about 1000 ppm, and, if the ore ftuid was at or

near saturation with chalcopyrite, decreases in pH, A or H2S would have induced

deposition of this mineraI. From the distribution ofsolubility contours, il cao be seen that

the interpreted decrease in pH would have reduced chalcopyrite solubility by 1 log unit

per pH unit (Fig. 18). However, although the accompanying decrease inA would have

further reduced chalcopyrite solubility white pyrite was stable, this effect would have

reversed as conditions evolved to those where pyrrhotite is stable, ie., chalcopyrite

solubility would actually have increased (Fig. 18). By contrast, the estimated decrease of

aH2S by 2 log uuits would have reduced chalcopyrite solubility by nearly 2 log unîts. We

therefore conclude that, as for gold, the decrease in aH2S was the principal control of

chalcopyrite deposition.

Geological mechallisms

Mineralization at Onaman proceeded in two main stages, namely a first stage of

pyritization, and a second stage in \vhich pyrrhotite replaced pyrite and native gold co­

precipitated with chalcopyrite. Pyritization, which accompanied carbonatîzation,

involved replacement of iron-bearing minerais in the host rock by suIfur introduced nom
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the fluid, as shown by the additions of su1fur to the rocks and the comparatively minor

changes in iron. The effect of this pyritization on the fluid was the sharp drop in aH2S

reported above, and a decrease in./O" due to the oxidation ofthe primary minerais. These

changes produced the conditions necessary for the second stage ofmineralization, namely

the replacement ofpyrite by pyrrhotite, and the deposition ofgold and chalcopyrite. The

reductions in aH2S and./O" stabilized pyrrhotite in Cavor of pyrite and the reduetion in

aH"S destabilized Au(HS),,- and Cu(HS),,-, causing deposition oC native gold and

chalcopyrite. ·The 51rong positive correlation between Au and S (Fig. 13), which applies

equaUy to lapilli tuffs, fragmentai volcanic rocks, and mafic and felsic intrusives, and the

general absence ofpyrite in unlnineralized rocks, confirms the hypothesis that pyritization

was the principal control of gold mineralization at Onaman. VolumetricaUy, the most

important effect of fluid-rock interaction was the conversion of calcium and ferro­

magnesian silicate mineraIs to ankerite. However, the resultant decrease in the pH ofthe

tluid probably played a relatively minor role in promoting gold mineralization.

An interesting feature of the gold mineralization, as noted earlier, is that Au/Ag ratios in

native goldJelectrum define three broad compositional groupings, more than one ofwhich

is represented in the same thin section. According to Gammons and Williams-Jones

(1995), such variations can he caused by fluctuations in temperature, aS", A, cr

concentration, pH, and total Au!Ag of the system. A variation inA of 3 log units, or in

aH"S of0.4 log units, or a combination ofthe two (initial AulAg.yslcm ratio ranging from 3

to 10), which is similar to and less than the estimated changes in these parameters,

respectively, would produce the observed variations in native goldleleetrum composition.

ln both the predominance fields of pyrite and pyrrhotite, pH has no effect on native
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gold/eleetrum composition (Gammons and Williams-Jones, 1995). Athough we cannot

know the cause of these fluctuations, one explanation is that seismic pumping (Sibson,

1975) produced extreme variation of fluid flux and that this lead to periods of fluid- and

rock-buffering of the fluid composition during which /02 and aH2S were a1tematively

high and low, respectively.

Genetie model

The proposed geological model for the emplacement of the gold mineralization at

Onaman involves the formation of a regiooal shear zone during Archean aecretion in a

pile ofvolcaniclastic rocks. The deformation weakened the pile, producing dilation zones

that allowed intrusion of felsic dykes, and the development of shear zones such as that at

the Ryne showing. Fluids carrying gold and other metals, notably copper, in solution rose

along these pathways. Based 00 their oxygen isotopic composition and relatively high

content of C02, the fluids are interpreted to have been of metamorphic origin. These

tluids produced albitization and intense carbonatization and pyritization, which bad the

effect of lowering j02, pH and particularly aH:zS in the fluid. As a result, pyrite was

replaced by pyrrhotite, and gold and chalcopyrite saturated in the solution. Gold was

disseminated, and concentrated in small discontinuous veinlets at the Ryne showing,

where brittle-ductile conditions precluded the development and maintenance of large

open structures. At the Hourglass showing, the fluids were focussed along the same

zones ofdilatation into which the dykes were intruded., and likely deposited gold in sman

microfractures produced by contraction ofthe dykes during cooling.
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Signijicance ofchalcopyrite

One ofthe important characteristics of mesothermal gold deposits is that they are aImost

invariably depleted in base metals Iike copper relative to their host rocks (Kerrich and

Fryer, 1981; Groves and Foster, 1993). The conventional explanation for this is that the

physico-chemical conditions under which gold is mobilized (near neutral pH,

intermediate }O2) are not favorable for base metal transport because the latter dissolve

predominantly as chloride complexes, which require low pH and highA (Lydon, 1980;

Wood, 1987). We propose, however, that a far more plausible explanation, wbich is

supported by the results of this study, is that copper is simply 100 soluble (as a bisulfide

complex) to even saturate in the fluid, and is consequently flushed through the system.

Not only does this explain the common Jack ofcopper in mesothermal gold deposits, but

it also explains the widely repolted depletion of this metal from the host rocks. In tbose

rare cases where copper concentrates, such as at Onaman, it does 50 because initial pH

was low, and the ores formed under conditions in which the hydrotherma1 system was

rock-buffered because oflow fluid-rock ratios.

CONCLUSION

1. The Onaman property displays two styles of polentiaUy economic gold

mineralization, one in which the gold is disseminated in a shear zone hosted by

intermediate to felsic metavolcaniclastics, and the other in which the gold is

concentrated in felsite dykes intruding metavolcaniclastic rocks.

2. Processes active during walIrock alteration and mineralization al the Ooaman property

were the same at the two gold sbowings, suggesting a single gold event in which

55



•

•

waUrock alteration began with early silicificatioD and albitizatioD, followed by

carbonatization, pyritization and late sericitization and ch10ritizatiOD.

3. Mineralization was penecontemporaneous with carbonatizatioD, and occurred in two

stages, namely the early replacement of iron minerais in the wallrock by pyrite, and

the later replacement of pyrite by arsenopyrite, pyrrhotite, and spatially associated

gold and chalcopyrite.

4. Oxygen isotopic ratios of ankerite suggest a metamorphie origin, and carbon isotopie

ratios are simiJar to those of large deposits of the Superior Province for which a

mantle origin has been proposed. Sulfur isotopie ratios correlate positively with gold

grades, and reOect an evolution to lower./OrpH conditions.

5. Pyritization of the host rock was the major control on gold and chalcopyrite

deposition, reducing sulfur activity, and destabilizing the bisulfide complexes for both

Au and Cu. The sulfidation of the walIrock also reduced./fJ2, which favored gold

deposition, but only decreased chalcop)TÏte solubility when pyrite was the dominant

Fe-sulfide. Carbonatization of the host rock also helped promote the deposition of

both gold and chalcopyrite by lowering the pH and reducing their solubilities. The

decrease in aH2S was the dominant factor in the deposition ofgold and chalcopyrite.

6. Copper, which is transported as a hisulfide complex in mesothermal gold-bearing ore

Ouids, is generally too soluble to deposit as chalcopyrite and is therefore Oushed

through the system. Mesothermal gold deposits in which copper is associated with

goId, such as Onaman, are rare cases where low pH ensured low copper solubility and

chalcopyrite was therefore able to deposit through mecbanisms similar to those

responsible for gold mineralization.
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Researeh in the Onaman-Tashota greenstone belt has been limited to a few govemment

reports and unpublished theses. This study compiles the avallable information and

reports the results of detailed field observations, petrographical analyses, geochemical

and isotopie correlations, mass balance calculations, and thermodynamic modeling of an

unusual mesothermal gold deposit charaeterized by geneticaUy contemporaneous gold

and copper mineralization. Hydrothermal akeration and mineralization have similar

parageneses in two gold showings of contrasting Iithology, suggesting a single

mineraIizing event. Gold is disseminated in a sbear zone hosted by iQtermediate to felsic

metavolcaniclastics at the Ryne showing, and is concentrated in felsite dykes at the

Hourglass showing. Texturai relationships among aheration minerais suggest that early

quartz-albite alteration formed a fine-grained groundmass, and was followed by a major

episode of pervasive carbonate metasomatism, overprinted by sericitization and late

ch1oritization. In mineralized zones, ankerite is the dominant carbonate, whereas calcite

is the main carbonate elsewhere.

Mineralization was contemporaneous with the ankerite &keration and quartz ± carbonate

± albite ± tourmaline veining, and began with an initial stage ofpyritization. Pyrite was

replaced by arsenoPYrite and then pyrrhotite, and simuhaneously by chalcopyrite and

gold.

Altered and mineralized rocks are enriched in Na, represented by albitization, and Ca due

to carbonatization, but depleted in K. Sodium metasomatism occurred in zones favorable

for gold deposition and Na gains cOlTelate positively with gold grades. Iron and

magnesium behave coherently and were both gained and lost.
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Ankerite oxygen isotopic ratios sunest a metamorphic origin for the fluid, and carbon

isotopic ratios are similar to those of large gold deposits of the Superior Province for

which a mande origin has been proposed. Pyrite sulfur isotopic ratios and gold grades

cOlTelate positively, the former reOecting an evolution ofthe fluid to lower conditions of

fOzandpH

Thermodynamic modeling of minerai stability relationships and Metal solubiIity show

that pyritization lowered H2S activity by consomption of sulfur and lowered oxygen

fugacity by oxidizing iron-bearing minerais in the host rocks. Gold and copper were both

transported predominantly as bisulfide complexes, and were destabilized by reduced

aH2S. Host rock pyritization also decreasedfOz, wbich favored gold deposition, but only

promoted chalcopyrite deposition when pyrite was the dominant Fe-sulfidc. CÛ2

metasomatism promoted destabilization ofboth gold and copper complexes by reducing

pH Sufidation was the principal cause of gold and minor copper mineralization,

reducing metal solubilities by several orders ofmagnitude, a conclusion that is supported

by the positive correlation between gold and total sulfur in metavolcaniclastic rocks ofthe

Ryne showing.

Fluctuations in oxygen fugacity and H2S activity of the fluid were responsible for the

variable composition ofnative gold and eleetnun observed. Such fluctuations may have

been due to seismic pumping ofthe flui~ which would have produced extreme variations

in the tluid flux, and therefore altemations between fluid and rock buffering of the tluid

compositon, during whichfOz and aH2S would have been high and low, respeetively.
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The unusual gold-chalcopyrite association observed al Onaman is explained by the low

pH ofthe ore tluid. Contrary to what bas been assumed previously, copper is transported

as a bisulfide complex at conditions typical for mesothermal gold deposits. At such

conditions, copper is too soluble to be concentrated and is therefore flushed nom the

system Mesothermal gold deposits where copper is associated with gold, such as

Onaman, are rare cases where initial pH was low enough to permit copper saturation in

the fluid and deposition of chalcopyrite. In sucb cases, chalcopyrite deposition is

triggered by the same mechanisms that are effective for gold mineraüzation, and

promoted by low fluid/rock ratio.

Observations and interpretations of mineralization at Onaman place this gold occurrence

between the greenschist- and amphibolite-facies hosted classes of Iode gold deposits. In

conlcusion, the Onaman gold prospect is a mesothermal gold deposit in which copper was

introduced along with gold because pH conditions were low enough to destabilize both

gold and copper bisulfide complexes. In other respects, it sbares a common genesis with

other Iode gold deposits in similar geological settings.
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Figure 1: Regional geology ofthe Onaman-Tashota greenstone bek (Adapted fram Stott,

personal communication, 2001).
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Figure 2: Geological map ofthe Onaman propeny (Adapted fromO~ 1999).
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Figure 3: Geological map ofthe Ryne showing (Adapted ftom Osmani, 1999).
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Figure 4: Geological map ofthe Hourglass showing (Adapted ftom Osmani, 1999).
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Figure 5: Photomicrographs in transmitted light, crossed polars. A: Tourmaline (dark

elongated crystal) replaced by sericite (light crystaIs) (Ryne). B: Alteration oftwinned

albite by ankerite. Late sericite is concentrated along the edge ofthe albite phenocryst

(Hourglass). C: Carbonate vein composed ofankerite rhombs and late dolomite filling

(dark) (Ryne). D: Sericite-ankerite pseudomorphs in a fine-grained groundmass ofquartz

and albite (Ryne). E: Atlkerite filling embayment in quartz crystals (Ryne). F: Twinned

ankerite crystal replaced by pelVasive sericite (Ryne). Ab: albite, Ak: ankerite, Qtz:

quartz, Tur: tourmaline., Ser: sericite, Dol: dolomite.
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Figure 6: Alteration minerai paragenesis orthe Ryne and Hourglass showings.
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Figure 7: Photomicrographs in reflected light oftextural relationships among ore

minerais. AIl photomicrographs are ftom the Ryne showing. A: Replacement ofpyrite

by pyrrhotite. Note embaymeots in pYrite filled by pyrrhotite. B: Nucleation ofpyrrhotite

00 arsenopyrite boundary. SmaU chalcopyrite grains replaced pyrrhotite. C: Free gold

surrounding fractured and vv-eathered pyrite grains. D: Composite chalcopyrite and native

gold inclusions in pyrite representing replacements ofthe latter aIong annealed fractures

or grain boundaries. E: Native gold overgrown on pyrite. F: Arsenopyrite (dashed outline)

replacing pyrite. Note free grains ofarseoopyrite in groundmass left ofthe pyrite crystal

Py: pyrite, Ccp: chalcopyrite, Apy: arsenopyrite, Au: gold, Po: pyrrhotite.
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Figure 8: Ore minerai paragenesis orthe Ryne and Hourglass showings.

84



•

•

Pyrite

Pyrrhotite

Arsenopyrite

Chalcopyrite

Native gold

Time-----...

-
-
-

85



•

•

Figure 9: Isocon diagram comparing element concentrations ofleast altered vs altered

rock. The numbers in front ofthe element or oxide are scaling factors. Concentrations of

Zr and Y are expressed in ppm
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Figure 10: Comparison ofthe compositions ofvariably altered lapilli tufTs ftom the Ryne

showing and felsite dykes nom the Hourglass shoWÎDg with those ofsuites offtesh cale­

alkaline rocks reported by Gélinas et al (1977), Goodwin (1977), Hallberg et al (1976),

and Ujike and Goodwin (1987). The magmatic trend shows the ftactionation of

aluminum and titanium during magmatic differentiation. The

aheration line represents the dilution or concentration ofimmobile elements in an altered

rock with a precursor composition located at the intersection ofthe alteration line and the

magmatic trend.
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Figure Il: Mass changes ofsodium in lapilli tuffs from the Ryne shoWÏDg and felsite

dykes ftom the Hourglass showing as a fimetion ofgold grade. Results repolted in % of

original \\1% value.
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Figure 12: Mass changes for selected major element oxides in lapilli tuffs nom the Ryne

showing and felsite dykes ofthe Hourglass showing. Note the coherent behavior ofFe

and Mg (A), the general addition ofCa and the extreme depletion in K(B).
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Figure 13: Binary plots ofbulk rock gold concentration versus the concentrations ofother

trace elements.
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Figure 14: Gold assays as a fimetion ofcarbonate mineraI composition.
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Figure 15: The silver content ofnative gold and electrum from metavolcaniclastics ofthe

Ryne showing and felsite dykes ofthe Hourglass sbowing. Note that there are three

clusters ofAg concentration: ~ Band C, and that individual samples contain native gold

and eleetnlm grains with compositions falling in mor~ than one cluster. Samples

containing native goldlelectrum with composition in more than one cluster are

distinguished frOID other samples (black) by different patterns. Each bar reflects the

average composition ofup to 10 grains.
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Figure 16: A: Interpreted oxygen isotopie compositions ofthe Onaman ore fluid

compared to those ofmagmatic water, metamorphic water, meteoric water, and ore fluids

ofother Iode gold deposits. Adapted ftom Ridley and Diamond, 2000. B: Oxygen and

carbon isotopie composition ofankerlte ftom Onaman compared to carbonate minerais of

other gold deposits. Adapted ftom Kerrich, 1990.
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Figure 17: Sulfur isotopie composition ofpyrite ftom lapilli tuffftom the Ryne showing

and felsite dykes ofthe Hourglass showing as a fimetion ofgold grade.
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Figure 18: Phase diagram showing the stability fields ofore and seleeted aheration

minerais at pressure-temperature conditions estimated for the Onaman property.

Contours ofgold solubility in ppb for Cl-complexes (Iow pH) and bisulfide complexes

(neutral pH), and contours ofchalcopyrite solubility in ppm ue also shown (dotted line:

CU(HS)2-; dashed line: CuCl2-). The star indicates the approximale initial composition of

the mineralizing tluid. SS: 0.1 m; [CI-]: 1.0 m; [Cl: 0.1 m; [Ca]: 0.001 Dl; [Mg]: 0.0001

m; [Na]: 0.1 m; [K]: 0.002 DL Py: pyrite, Po: pyrrhotite, Hem: hematite, Mag: magnetite,

Ccp: chalcopyrite, Bn: bomite, Pg: puagonite, Ab: albite, Ms: muscovite, Kfs: K­

feldspar.

104



•

•

-15 .-----,---r-----,""""!"T"'~_____r~r_-------:::::=====~

2000 bar 1

400°C i

-20

-25

...
0...
I:D .......
.2

.\.~

-30 "~ C .
... ..... Cp:- -~- - --- -----

Bn+Po

Po
-35

i

H2S
1

œl.&J
0..1<

1
-40

2 3 4 5 6 7 8 9 10

pH

lOS



•

•

Figure 19: Phase diagram showing the predominance boundaries ofmineraIs in the Fe-Q­

S system, the gold solubility in ppb and the chalcopyrite solubility in ppm, both as

bisu1fide complexes, onder the estimated physico-chemical conditions at Onaman. Star

indicates initial position ofmineralizing fluid. [Cl-]: 1.0 ID. See figure 18 for mineraI

abbreviations.
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Figure 20: Phase diagram showing the stability fields ofore mineraIs and contours of

ô34S for H2S, calculated using the method described by Ohmoto (1972). Conditions and

minerai abbreviations are identical to those offigure 18. The path starting at the star and

foUowing the arrow will produce heavier pyrite and the replacement ofpyrite by

pyrrhotite. Solubility contours ofgold and chalcopyrite have been omitted for c1arity, but

are identical to those offigure 18.
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Table 1. Major (v.{%), metals and trace element content of typesl rocks at Onaman

Metavolcanidastic Metavolcanidastic Metavolcanidastic Felsite dyke
Ryne Ryne (mineralized) Hourglass Hourglass
1147 1033 8859 1150

Si02 71.74 61.92 71.26 73.86
Ti02 0.46 0.43 0.50 0.31
AI203 15.79 10.90 14.96 12.90
Fe203 2.15 9.92 3.41 2.43
MnO 0.05 0.26 0.04 0.04
MgO 0.52 3.73 0.95 0.60
CaO 3.22 8.73 2.00 2.14
Na20 4.03 1.37 5.08 7.45
1<20 1.87 2.69 1.66 0.19
P20S 0.15 0.06 0.13 0.09

TOTAL 100 100 100 100
LOI 3.05 12.29 3.19 3.03
Total S 0.01 2.15 0.09 0.44
Total C 0.54 3.27 0.63 0.75

Auppb 5 1230 32 48200
Agppb <400 600 <400 1900
Cuppm 13 124 11 5
znppm 46 71 70 33
Sbppm 0.6 2.3 0.6 <1
Wppm <1 16 <1 4
Zrppm 174 57 149 84
Yppm 14 14 12 8
Nbppm 5 2 4 2

III
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Table 2. Representative mass balance calculatlon results for selected elements

•

Metavolcanietastic
Ryne
1147

5 ppbAu

Metavolcaniclastic
Ryne (mineralized)

1029
7500 ppbAu

Metavolcaniclastic
Hourglass

8859
32 ppbAu

Felsite dyke
Hourglass

1150
48200 ppbAu

Absolute (vd%) Relative % Absolute (wt%) Relative % Absolute (vd%) Relative 0/0 Absolute (vd%) Relative %......
8102 -8.56 -11.94 -3.42 -5.88 -2.26 -3.18 3.54 4.79N
Fe203 -2.25 -104.51 2.80 34.23 -1.58 -46.22 -0.83 -34.37
MgO -0.94 -178.92 1.34 37.20 -0.90 -94.61 -0.32 -54.17
CaO 0.78 24.17 5.37 63.65 -0.74 -36.84 0.88 40.98
Na20 -0.46 -11.34 3.29 50.06 0.87 17.17 3.69 49.46
K20 -1.33 -71.08 -1.40 -184.51 -1.14 -68.65 -3.07 -1652.97



•

•

Table 3. carbon and oxypen isotopie ratios of ankerite

813C (vs POe) 8180 (vs SMOW) Fluid 8180 300°C Fluid 8180 4QO°C

022 Ryne -2.4 23.6 18.2 20.9
090 Ryne -2.2 24.3 18.9 21.7
154 Hourglass -2.2 24.2 18.8 21.5
175 Ryne -2.5 24.2 18.8 21.6
176 Hourglass -2.6 24.1 18.7 21.4
R3 Ryne -2.3 23.9 18.5 21.2
142 Ryne -1.6 25.0 19.6 22.4
024 Ryne -2.2 24.0 18.6 21.4

Analyses performed by Centre GEOTOP. Univ...ité du Québec' Montréal.
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Table 4. Sulfur isot0Pic ratios of pyrite

Sample Location Uthology Au <ppb) 834S

G99-011 Ryne Metavolc. 140 2.2
G99-022 Ryne Metavolc. 8090 3.3
G99-023 Ryne Metavolc. 1270 3.0
G99-031 Ryne Mass. sulfide 170 2.0
G99-0B6 Ryne Metavolc. 1200 2.5
G99-088 Ryne Mass. sulfide 3690 2.4
G99-175 Ryne Metavolc. 200000 3.3
G99-152 Hourglass Felsite 49200 4.6
G99-154 Hourglass Felsite 51450 5.2
G99-172 Hourglass Felsite 52500 5.5
G99-176 Hourglass Felsite 48200 6.4

Analyses performed by El!., University of Watertoo•
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APPENDIXA

Bulk-rock geochemistry
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0NA97-1-17 ONN37-1-34 OG99C-11~ OG99C-1147 OG99C 889l' ONA97-1-1001

• Ryne RYM Ryne Ryne Ryne Ryne
Lapilli tuff L.pIituff L8piIIi tuff lapilli tuff Lapilli tuff Uplituff

Au~ 0.006 0.021 0.004 O.CŒ 0.CB2 0.07

Si02\'\t'tt)ft 70.99 71.23 ED.38 71.74 71.26 68.70
n02 0.42 O.Cl 0.44 0.43 0.50 0.37
A1203 15.44 15.13 14.66 15.79 14.96 13.62
Fe203 2.41 2.40 12.!:I) 2.15 3.41 2.52
MnO 0.06 0.04 0.36 O.CS 0.04 0.07
MgO 0.85 O.E 1.72 0.52 0.96 0.76
CaO 4.14 3.84 4.78 3.22 2.00 6.&4
N820 4.32 4.38 3.~ 4.œ 5.œ 6.78
K20 1.23 1.96 0.43 1.87 1.&6 0.42
P205 0.13 0.12 0.43 0.15 0.13 0.13
Cr203 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 100 100 100 100 100 100
LOI 3.64 3.98 5.33 3.CS 3.19 5.42
SlrOT 0.01 0.29 <O.L 0.01 O.CS 0.14
CITOT 0.71 0.87 0.94 0.54 0.63 1.57

Zrppn 173 154 158 174 149 146
Y 14 12 14 14 12 13
Nb 5 4 6 5 4 4
Ag <D.L <O.L <O.L <O.L <O.L <O.L
As 0.9 7.5 2.3 0.25 10.6 10.5
Mo <D.L <O.L <O.L <O.L <O.L <D.L
Cu 20 32 14 13 11 22
Pb 7 11 6 10 8 6
Zn 63 56 102 4M) 70 81
Ni 6 4 8 6 8 7
V 53 57 Ef5 59 58 59
Ba 311 424 153 439 215 116
W <D.L 4 1 <D.L. <D.L 5
Cr 18 19 21 21 17 75
Hg <D.L <O.L <O.L <D.L <O.L 8
Sr 202 1SI) 227 285 199 285
Be 1 <O.L 2 1 1 <D.L
Co 4 4 8 3 7 4
Cs 3 4 0.5 4 3 0.5
Hf 3 3 4 3 3 2
Rb 37 61 10 56 41 13
Sb 0.5 0.7 0.7 0.6 0.6 0.8
Sn 10 8 6 13 2.5 14
Ta <O.L <O.L <O.L <O.L <O.L 1.4
Th 3 3.5 4.2 4.3 2.8 2
U <O.L. 1 12 <O.L. 1.7 <O.L
Ga 16 17 11 17 16 12
Se 0.3 0.3 0.4 0.3 0.3 0.3
Te <D.L 0.1 <D.L <O.L <O.L <D.L
La 18.7 17.7 29.4 28 18 15.2
Ce 32 31 49 47 34 22
Nd 9 8 18 16 10 2.5
Sm 2.3 2.1 3 3 2.5 1.7
Eu 0.6 0.6 0.7 0.9 0.7 0.4
Yb 0.7 0.7 1.3 0.9 0.6 0.6
Lu 0.11 0.12 0.15 0.12 O.CS O.CS
Dy
Er
Gd
Ho• Pr
Tm
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ONA97-1-1011 0NA97-1-1014 ONA9Bx-7106 ONA9Bx-7107 ONA97~1635 0NA97-8-1636

• Ryne Ryne Ryne Ryne Ryne Ryne
L8PIIituff l.8piIIi tuff L.-piIIi tuff Laplituff LaPDituff Upilituff

Au~ 0.893 O.cX),4 0.63 0.0025 0.87 0.25

Si02~ 64.30 72.34 70.54 es.SB 64.56 62.81
Ti02 0.39 0.42 0.47 0.53 1.14 0.77
Al203 14.88 15.39 13.95 15.œ 16.72 15.29
Fe203 8.48 1.52 3.79 4.86 4.76 5.56
MnO 0.22 0.03 0.04 0.06 O.CS 0.12
MgO 1.52 0.37 1.97 3.œ 1.34 2.36
CaO 5.71 3.43 3.01 2.12 4.03 6.18
NII20 2.31 3.76 4.01 2.49 4.19 3.95
K20 2.œ 2.63 2.13 2.œ 3.06 2.83
P205 0.11 0.12 o.œ 0.13 0.13 0.12
Cr203 0.00 0.00 0.01 0.01 0.01 0.01
TOTAL 100 100 100 100 100 100
LOI 6.œ 3.37 4.29 4.51 5.7 8.11
SlTOT 1.84 0.07
CITOT 1.23 0.82

Zrppm 150 168 121 120.5
Y 15 13 9.5 8.5
Nb 5 5 4 4
Ag 1 <D.L. <D.L <D.L
As 7 4.2 ~ 36
Mo <D.L <D.L. <D.L. <D.L. 1 3
Cu 167 26 25 <D.L
Pb 5 7 20 20
Zn 95 50 20 25
Ni 8 3 3J 25
V 78 49 75 El)

Ba 494 483 298 424
W <D.L 4 43 2
Cr 74 58
Hg 11 6
Sr 175 1EE 215 145
Be 1 2
Co 10 4 11.5 10.5
Cs 5 4 3 2.9
Hf 3 3 4 3
Rb œ 74 61.6 72.6
Sb 0.7 0.5
Sn 10 11 1 1
Ta <D.L <D.L. 0.5 0.5
Th 3.3 2.7 1 1
U <O.L. 0.7 0.5 0.5
Ga 11 15 16 20
Se 0.6 0.3
Te 4.6 <D.L
La 16 16.1 21.5 18
Ce 27 29 42 36
Nd 12 12 17 15.5
Sm 2.1 2.1 2.6 2.3
Eu 0.5 0.5 1 0.8
Yb 1 0.6 1.1 0.9
Lu 0.15 0.1 0.1 0.1
Dy 1.7 1.6
Er 0.9 0.9
Gd 2.9 2.2
Ho 0.4 0.3• Pr 4.6 4.3
Tm 0.1 0.1
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ONA914J.1fHl ONASBC«BJ 0NA97-1-1029 0NAS7-1-1031 ONA97-1-1D33 0NA97-1-1036

• Ryne HourgIaIa Ryne Ryne Ryne Ryne
LaPlituff Lapilituff Mavae. MItavaIc. MtIIavaIc. M-.voIc.

Aug.t 3.3 0.01 7.5 0.292 1.23 12

Si02Yf't% 6422 69.81 58.10 57.61 61.92 69.26
Ti02 0.52 o.a 0.57 0.52 0.43 0.28
Al203 15.36 15.90 13.57 12.68 10.90 10.56
Fe203 5.24 3.419 8.17 8.04 9.92 9.36
MnO 0.07 0.06 0.18 021 0.26 021
MgO 2.15 1.11 3.59 4.25 3.73 2.œ
CaO 3.96 3.02 8."'- 9.87 8.73 4.es
Na20 7.61 3.a 6.58 5.89 1.37 1.06
1<20 0.82 2.63 0.76 0.89 2.69 2.51
P205 0.04 0.12 o.œ 0.04 0.06 0.01
Ca03 0.01 0.01 0.00 0.00 0.00 0.00
TOTAL 100 100 100 100 100 100
LOI 5.06 4.05 10.89 12.8 12.29 9.63
SlTOT 1.75 0.59 2.15 4.87
C/TOT 3.19 3.78 327 1.79

Zrppn 129 84 54 57 93
Y 8 14 11 14 11
Nb 3 3 1 2 3
Ag <D.L 2.9 <D.L 0.6 0.7
As 88 691 163 6720 1570
Mo 20 1 2 2 2 5
Cu 25 118 84 124 127
Pb 20 10 5 8 10
Zn 75 76 83 71 68
Ni 15 57 58 El) 23
V 45 128 1a 133 eo
e. 459 170 1E 356 336
W <D.L 36 36 16 13
Cr 93 172 183 14
Hg 8 <D.L 5 6
Sr 226 ~ 544 296 187
Be 1 1 1 1
Co 8 24 23 4) 15
Cs 6.7 1 1 3 2
Hf 4 2 2 1 2
Rb 672 22 25 66 62
Sb 1.9 1.5 2.3 <D.L
Sn 1 11 9 14 11
T. <DL <D.L <D.L <O.L <O.L
Th 1 2.7 1.5 1.2 1.5
U 0.5 <D.L <D.L <O.L <D.L
Ge 19 10 9 10 11
Se 0.6 0.3 1.3 2.1
Te 2.2 0.2 0.4 0.7
L.8 20 14 9.4 8.9 10
Ce 38 20 14 15 17
Nd 14.5 14 9 2.5 2.5
Sm 2.9 2.3 1.6 1.7 1.3
Eu 0.6 0.6 0.6 0.8 0.5
Yb 0.5 1 0.8 0.7 0.6
Lu 0.1 0.17 0.12 0.11 o.œ
Dy 1.5
Er 0.7
Gd 2.4
Ho 0.3• Pr 4
Tm 0.1
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0NA91-1-1037 ONA91-1-1œB ONAS1-1-1œ9 0NA97-1-1OW 0NA98-28-2S:J6 ONA91-9a1641

• Ryne Ryne Ryne Ryne Ryne Ryne
Metawic. MàVaIc. MavoIc. MâvaIc. Mavae. MâvaIc.

AugA 0.142 1.06 0.CB4 O.~ 1.73 0.275

Si02V'tt% 54.3) SJ.SJ 45.76 58.82 45.36 64.54
Ti02 0.57 0.53 0.57 0.54 0.47 0.50
Al203 14.71 13.96 15.75 14.00 14.25 15.78
Fe203 9.92 7.22 11.«) 8.04 10.14 4.29
MnO 0.29 0.18 0.28 0.24 0.20 0.06
MgO 4.57 3.64 7.68 3.42 7.œ 2.45
Cao 10.œ 7.85 13.14 8.42 15.14 5.01
Na20 2.24 3.36 1.49 3.86 5.m 4.8)
K20 3.22 2.58 3.88 2.57 1.8) 2.64
P205 O.CS o.œ O.CS o.œ o.œ 0.13
Cr203 0.00 0.00 0.00 0.00 0.00 0.01
TOTAL 100 100 100 100 100 100
LOI 13.58 10.98 11.64 10.94 17.11 6.86
SlTOT 0.5 0.43 0.16 0.84 1.4
CITOT 3.82 2.91 4.86 3.16 5.23

Zrppm 62 80 39 63 35 110
Y 12 13 14 10 11 8
Nb 3 1 1 3 1 4
Ag <O.L <D.L <O.L <D.L 0.7 <O.L.
~ n1 1fDJ 8CS 35BO 712
Mo <O.L 7 2 26 13 3
Cu 56 48 17 71 E 15
Pb <O.L 6 <D.L 7 55 25
Zn 86 86 1œ 84 97 3)

Ni 81 46 75 62 73 35
V 1SJ 142 218 149 177 55
Ba 421 335 440 333 288 412
W 22 20 17 17 29 3)

Cr 298 138 355 188 156
Hg <O.L <O.L <D.L 5 <O.L
Sr 362 3EI) 461 348 œ3 277
Be 1 2 1 1 1
Co 2S 25 36 23 3) 14.5
Cs 3 3 5 0.5 3 3
Hf 1 2 1 1 0.5 3
Rb eo 63 90 63 40 73.4
Sb <D.L. <D.L <O.L <O.L <O.L
Sn 6 7 7 2.5 12 1
Ta <O.L <O.L <D.L <O.L <O.L 0.5
Th 12 2 0.1 2.3 0.1 8
U <D.L 1.4 <D.L <D.L <O.L 0.5
Ga 10 10 12 12 11 18
Se 0.5 0.4 0.4 0.2 0.4
Te <D.L 0.2 <DL 0.2 1.4
L8 8.4 10.4 3.2 9.4 3.5 17
Ce 17 18 9 13 8 33.5
Nd 2.5 2.5 2.5 2.5 5 16
Sm 1.6 1.7 1 1.6 0.8 2.8
Eu 0.6 0.6 0.5 0.6 0.1 0.9
Yb 1.2 1.3 1.3 1 1.1 0.9
Lu 0.19 0.2 0.2 0.16 0.14 0.1
Dy 2.1
Er 0.8
Gd 2.5
Ho 0.4• Pr 4.2
Tm 0.1
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ONA97.Q..1643 ONA97.Q..1639 ONA97.Q..1640 ONASJx-7119 ONA97..g.1E2 0NA9B~1

• Ryne Ryne Ryne Ryne Ryne Ryne
MIt8vdc. MtItaWIc. MàvOIc. MtItIMJIc. MàvoIc. MIùVOIc.

Augk 0.12 1.2 1.2 1.3 0.34 1.62

Si02'AfKt 65.89 64.27 65.80 61.03 65.œ 66.10
Ti02 0..-5 O.ED 0.49 0.72 0.4) 0.72
Al203 15.00 15.91 14.80 18.81 16.97 16.ED
Fe203 4.42 5.99 5.&4 6.92 4.10 6.83
MnO 0.05 o.œ O.CS 0.10 0.04 0.06
MgO 2.28 2.38 2.26 2.71 2.04 1.24
CaO 4.49 3.52 3.57 2.53 3.29 1.35
Na20 4.73 4.44 5..-& 2.61 5.44 3.14
K20 2.54 2.70 1.80 4.«) 2.58 3.89
P205 0.13 o.œ 0.10 0.16 0.04 0.06
Cr203 0.01 0.01 0.01 0.02 0.01 0.01
TOTAL 100 100 100 100 100 100
lOI 6.44 6.14 5.85 5.23 4.94 4.67
SlTOT
clTor

Zrppn 123 1SJ.5 143 1œ.5 140
y 8 13 12 17 14
Nb 4 6 6 5 5
Ag <D.L 1 1 <D.L 1
As 18
Mo 8 21 5 4 3
Cu 10 3J 70 80 40
Pb 25 25 40 15 5
Zn 35 SJ ED 9) 25
Ni 3) 100 70 85 SJ
V 50 110 85 115 135
Ba 336 419 243 EI39 502
W 31 42 51 29 39
Cr
Hg
Sr 270 33) 297 2CX3 162
ee
Co 13 19.5 19 25 21
Cs 3.2 5.4 3.1 5.9 4
Hf 3 5 4 4 4
Rb 68.2 87.8 53.6 121 107
Sb
Sn 1 1 1 <D.L <D.l.
Ta 0.5 0.5 0.5 0.5 0.5
Th 6 18 16 6 5
U 0.5 3.5 3.5 3 2.5
Ga 16 22 18 25 21
Se
Te
L.8 16 33 26.5 32 28.5
Ce 31 61.5 50.5 61.5 56
Nd 14.5 27 22.5 26 23
Sm 2.6 4.9 3.9 4.9 3.7
Eu 0.9 1.3 0.9 1.1 1.1
Yb 0.7 1.3 1.3 1.8 1.3
Lu 0.1 0.2 0.2 0.2 0.1
Dy 1.7 2.7 2.5 3.1 2.3
Er 1 1.7 1.5 1.9 1.2
Gd 2.3 4.2 3.3 4.5 3.6
Ho 0.4 0.6 0.4 0.6 0.4• Pr 4 7.7 6.3 7 6.1
Tm 0.1 0.2 0.2 0.3 0.1
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ONASBx-71œ 0NA98x-7110 0NA9f5C.8672 ONASBx-7047 ONASBx-7048 ONA98C-8012

• Ryne Ryne Ryne ~ HcugIIu ~
Met8vaIc. MItavcIc. PMtavoIc. MIItaVaIc. MItawIc. MIDvok:.

Aug4 0.225 1.53 0.01 0.ŒX2S 0.4 0.15

Si02~ 66.16 89.88 70.88 62.TJ 68.24 70.44
n02 0.62 0.52 0.45 0.416 0.53 0.41
Al203 16.79 13.64 12.93 14.18 15.88 15.41
Fe203 6.20 3.38 3.36 11.46 5.33- 3.46
MnO 0.06 0.16 0.13 0.19 0.12 o.œ
MgO 2.25 1.41 1.74 2.3) 1.14 1.18
C.O 0.96 4.63 3.80 4.3) 2.«) 2.92
Na20 3.44 3.75 1.84 3.CS 4.00 3.57
K20 3.41 2.43 4.75 1.17 2.22 2.44
P205 O.CS 0.18 0.12 0.11 0.13 0.10
Cf203 0.02 0.01 0.01 0.01 0.01 0.01
TOTAL 100 100 100 100 100 100
LOI 3.32 5.92 4.45 5.68 3.78 3.87
SlTOT
CITOT

Zrppn 128 121.5 116.5 112 134 134
Y 14 9.5 10 9 9.5 9.5
Nb 6 4 4 3 4 5
Ag <C.L <C.L <D.L <D.L <D.L <D.L
As
Ma 2 <D.L 1 1 1 1
Cu 45 10 <C.L 20 15 15
Pb 45 15 <C.L. 20 20 20
Zn 75 96 25 1œ &:J tD
Ni 8) 20 15 20 10 15
V 145 56 50 3) 36 35
Be 327 542 701 134.5 219 284
W 33- 18 2 <D.L <C.L <D.L
Cr
Hg
Sr 182 151 75.2 154.5 1El) 202
Be
Co 18 8.5 8 13.5 8 7.5
Cs 5.7 2.3 10.4 2.8 5.3 6.6
Hf 4 4 3 3 4 4
Rb 114.5 57.8 90.8 47.4 67.6 &3.8
Sb
Sn 1 1 <D.L 1 1 1
Te 0.5 0.5 <D.L. 0.5 0.5 0.5
Th 6 1 3 2 2 1
U 2.5 0.5 0.5 0.5 0.5 1
Ge 24 16 15 19 19 17
se
Te
La 33- 19.5 20 19 22.5 20
Ce 63.5 38.5 39 36 44.5 37
Nd 25.5 16.5 16 14 18 15
Sm 4.1 2.8 3.5 2.9 3.2 3.3
Eu 1 0.8 0.7 0.9 0.9 0.7
Yb 1 1 0.8 0.9 0.8 0.8
lu 0.2 0.1 0.1 0.1 0.1 0.1
Dy 2.7 1.7 2 2.1 1.8 1.7
Er 1.5 0.9 1 0.8 1 1
Gd 3.5 2.6 2.2 2.1 2.5 2.5
Ho 0.5 0.4 0.4 0.3 0.4 0.3• Pr 7.1 4.5 4.5 3.9 4.8 4.2
Tm 0.1 0.1 0.1 0.1 0.1 0.1
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ONAS8x~7112 ONA9Sx-7Sm OG99C~ OG99C-1150 OGEl:C-8194 0NASBC8196B

• HcugIaa HcugIaa HcugIIIIa HaurgIas HcugIIIIa HcugIaa
MàVaIc. MIItaYaIc. F... dyke F..-dyke F.... dyke FeWedyke

Aug,t 0.CD2S 0.0025 52.5 41.2 492 78.a3

Si02M16 67.74 68.79 7O.SfS 13.86 76.7.3 74.27
n02 0.36 0.57 0.43 0.31 0.39 0.41
Al203 14.15 16.99 14.42 12.51) 12.3:1 12.19
Fe203 3.84 3.91 2.83 2.43 3.07 2.97
MnO o.œ 0.06 0.04 0.04 0.04 0.06
MgO 2.79 1.61 0.82 O.EI) 0.31 0.81
ClIO 5.48 2.21 2.41 2.14 0.92 2.49
Na20 3.69 2.98 8.23 7.E 4.91 6.38
K20 1.80 2.13 0.17 0.19 1.22 0.31
P205 o.œ 0.15 0.10 o.œ 0.11 0.10
Cr203 0.01 0.01 0.00 0.00 0.00 0.01
TOTAl 100 100 100 100 100 100
lOI 7.45 3.59 3.57 3.œ 1.89 3.61
SlTOT 0.91 0.44 0.21
C/TOT 0.92 0.75 0.25

Zrppm 92.5 116 84 96 114
Y 7 10 8 12 7
Nb 2 4 2 3 3
Ag <O.L 2.9 1.9 0.8 8
As 40.2 37.1 31.7
Mo 2 <O.L <D.L <D.L <D.L 2
Cu <O.L 16 5 41 10
Pb 25 8 8 9 20
Zn 80 40 33 43 45
Ni 20 9 7 8 15
V El) 20 14 54 20
BI 288 54 31 162 46.5
W 1 <D.l. 4 <O.L 3
Cr 39 39 19
Hg 63 20 47
Sr 19J.5 247 201 125 225
Be 1 <D.L <D.l.
Co 9 8 9 16 6.5
Cs 3.6 0.5 0.5 4 0.5
Hf 3 3 2 3 3
Rb 40.8 7 6 33 6.4
Sb 0.8 0.5 0.7
Sn <D.l. 9 2.5 5 <D.l.
Ta <D.L <O.L <D.L <D.L <O.L
Th 1 2.5 2.9 2.5 1
U 0.5 <O.L <O.L <O.L 0.5
Ga 18 13 11 10 13
Se 0.4 0.3 0.3
Te 0.1 <D.L <O.L
La 11.5 17.7 14.2 21.9 17.5
Ce 21 36 23 37 32.5
Nd 9 12 6 24 14
Sm 1.6 2.8 1.8 3.2 2.4
Eu 0.6 0.7 0.4 0.8 0.6
Yb 0.8 0.5 0.8 0.9 0.7
lu 0.1 0.07 0.12 0.13 <O.L
Dy 1.5 1.3
Er 0.8 0.7
Gd 1.8 1.9
Ho 0.3 0.3

• Pr 2.5 3.7
Tm 0.1 0.1
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ONA9B-27-2559 ONAS8C84728 ONASBC 8484A ONA9Bx-7017 ONA98x-7018 ONA98x-7118

• Ryne Ryne Ryne Ryne Ryne Ryne
QFP QFP QFP QFP QFP FQP

AugA 0.118 0.33 0.1 0.0025 0.0025 0.01

Si02wt'ft 75.93 74.92 74.10 71.9) 71.96 57.58
Ti02 0.14 0.21 0.21 0.2& 0.37 1.04
AJ203 13.00 14.12 14.72 15.95 14.71 15.76
F.203 1.61 1.96 1.57 2.39 3.46 9.œ
MnO o.œ 0.01 o.œ o.œ 0.06 0.13
MgO 0.45 0.01 o.œ 0.91 1.39 4.59
c.O 1.45 0.26 0.48 2.33 2.3J 5.44
Na20 6.74 8.32 8.55 4.51 4.63 4.45
K20 0.50 o.œ 0.10 1.92 1.07 1.72
P205 0.14 0.10 0.11 O.as o.œ 0.20
Cr203 0.00 0.01 0.02 0.01 0.01 0.01
TOTAL 100 100 100 100 100 100
LOI 1.75 0.97 1 2.55 1.72 8.76
SlTOT 0.66
CffOT 0.45

Zrppm 82 88 72.5 120 97 92
Y 7 3 3 4.5 6.5 12.5
Nb 1 0.5 0.5 3 3 4
Ag <D.L <D.L <D.L <D.L <C.L <C.L
As 10.1 10
Mo 7 1 <C.L 1 <C.L
Cu 5 <DL <D.L 20 40 40
Pb 5 5 5 20 20 5
Zn 19 15 <C.L El) 75 E!5
Ni 8 5 5 15 Xl 7D
V 20 20 15 25 50 120
Ba 145 E 39 329 237 4C6
W 10 22 17 <C.L. <C.L. 1
Cr B3
Hg <D.L
Sr 124 74.1 100 277 254 333
Be <C.L
Co 4 3.5 4.5 5.5 12 27
Cs 0.5 0.1 0.1 1.7 1.1 2.6
Hf 1 3 3 3 3 3
Rb 14 1.2 1.6 62.8 3J 56.8
Sb 0.4
Sn 6 <C.L. <C.L 1 1 <C.L.
T. <C.L <C.L <C.L 1 0.5 <D.L
Th 1.5 0.5 0.5 5 5 2
U <D.L 0.5 0.5 0.5 1 1
Ge 17 18 18 21 17 19
Se <C.L
T. 0.9
La 6.1 9 9.5 12.5 12.5 19.5
C. 11 18 17.5 21.5 23.5 41.5
Nd 2.5 7 6.5 9 9.5 20.5
Sm 0.8 1.3 1.4 1.4 1.4 3.9
Eu 0.2 0.3 0.3 0.6 0.7 0.9
Yb 0.2 0.3 0.2 0.5 0.8 1.1
Lu 0.025 <C.L <D.L <C.L 0.1 0.1
Dy 0.5 0.8 0.8 1.3 2.2
Er 0.3 0.2 0.5 0.7 1.3
Gd 1 1.1 1.4 1.7 3.3
Ho <D.L. <C.L 0.1 0.3 0.4• Pr 1.8 1.8 2.6 2.7 4.8
Tm <C.L <C.L 0.1 0.1 0.1
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ONASBC8012 0NA97..&-139 ONA97.Q.287 ONA98-2....,,5 ONA97-1·1(51 ONA97-1-1ŒiD

• HcugIaa Ryne Ryne Ryne Ryne Ryne
QFP ~ ~ ~ CWDo Gebbro

Au~ 0.15 0.012 0.013 O.aM 2.43 0.83

Si02V11t% 70.44 52.41 5).72 56.a 54.9J 54.07
Ti02 0.41 0.70 0.32 0.91 1.13 1.33
Al203 15.41 11.11 8.67 14.62 12.418 12.26
Fe203 3.4Mi 10.41 11.06 9.œ 13.72 14.93
MnO O.CE 0.19 0.25 0.12 0.3) 0.17
MgO 1.18 11.14 16.33 5.85 4.16 5.04
Cao 2.92 10.71 11.82 7.83 8.CE 7.63
Na20 3.57 2.85 0.«5 4.02 3.9:1 2.34
K20 2.44 0.15 0.35 1.00 1.26 2.14
P205 0.10 0.25 0.04 0.17 0.11 0.11
Cr203 0.01 0.00 0.00 0.00 0.00 0.01
TOTAL. 100 100 1CD 100 100 100
LOI 3.87 15.œ 16.56 9.07 11.59 8.63
SlTOT 0.17 0.13 0.16 0.94
CffOT 3.84 3.99 1.96 3.29

Zrppn 134 70 27 87 17 93
Y 9.5 13 9 13 22 20
Nb 5 3 1 4 3 4
Ag <D.L <D.L <D.L <D.L 1 <D.L
As 0.9 8.9 2.6 3280
Mo 1 <D.L 68 <D.L <D.L 2
Cu 15 115 8 33 134 133
Pb 20 10 <D.L <D.L 6 20
Zn 8) 133 88 106 100 1CS
Ni 15 104 321 97 23 75
V 35 176 154 142 330 340
Ba 284 ee 47 296 179 261
W <D.L. <D.L <C.L <D.L 23 17
Cr 680 123:) 181 37
Hg <D.L <D.L <D.L 7
Sr 202 SX3 196 339 272 256
Be <D.L <D.L 1 2
Co 7.5 43 85 31 39 42
Cs 6.6 0.5 3 3 6 5.9
Hf 4 1 0.5 2 0.5 3
Rb 63.8 6 12 27 36 62
Sb 2.4 0.8 1.7 <D.L
Sn 1 7 8 9 8 1
Ta 0.5 <D.L <D.L <D.L 0.9 0.5
Th 1 3.3 0.1 3 1.8 5
U 1 <D.L <D.L 1 <D.L <D.L
Ga 17 8 3 12 12 18
Se 0.5 0.2 0.4 0.6
Te <D.L 1.6 <DL 0.4
La 20 19.1 1.4 15.9 5.9 6.5
C. 37 39 1.5 29 10 15.5
Nd 15 16 2.5 18 2.5 9.5
Sm 3.3 3.7 0.6 2.9 2.3 2.9
Eu 0.7 0.9 0.2 0.9 0.4 0.9
Yb 0.8 1 0.8 1 2.5 2.5
Lu 0.1 0.14 0.12 0.13 0.34 0.5
Dy 1.7 4
Er 1 2.7
Gd 2.5 3.7
Ho 0.3 0.9• Pr 4.2 2.1
Tm 0.1 0.5
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ONAS7-1-1œ1 0NA97-8-1654 0NASBx-7108 0NASBx-7104 ONASllx-71œ ONASElx-7111

• Ryne Ryne Ryne Ryne Ryne Ryne
Gabbro GItlbro ~ Mdc inIrUIian M8fic irûuIion Mdc irtruIian

Aug4 2.34 O.cms 0.01 0.m:2S 0.015 0.025

Si02v.t4Mt 54.38 51.59 53.18 51.96 53.62 52.92
Ti02 1.17 0.22 0.64 1.02 0.8J 1.33
Al203 12.02 5.94 15.8) 15.51) 15.63 17.54
Fe203 14.01 12.04 1124 13.42 10.50 11.16
MnO 0.20 0.25 0.19 0.28 0.18 0.22
MgO 4.36 20.3> 6.25 5.10 7.• 3.œ
cao 8.32 9.3> 8.17 8.19 8.91 8.06
NII20 4.00 0.04 1.• 3.47 0.98 2.81
K20 1.40 O.CS 3.16 0.56 2.02 2.84
P205 0.11 0.01 0.08 0.11 0.07 0.07
Cr203 0.01 0.28 0.01 0.01 0.01 0.02
TOTAL 100 100 100 100 100 100
LOI 10.12 14.42 12.51 8.55 10.19 8.06
SlTOT
crrOT

Zrppm 84 41 œ 35.5 55.5
Y 21 13 17 13 19.5
Nb 3 1 3 1 1
Ag <D.L <D.L <D.L <D.L <D.L
As 24
Mo 1 <D.L 8 2 <D.L
Cu 140 8J 10 155 125
Pb 25 20 15 25 10
Zn 51) 75 51) 8J 100
Ni El) 75 El) BQ 13>
V 296 220 345 225 185
Ba 196 3S8 226 527 373
W 24 10 3 3 9
Cr
Hg
Sr 281 113.5 101 99.8 2CJ3
Be
Co 39 35.5 34 35.5 54.5
Cs 5.8 3.1 0.8 2 3
Hf 2 1 2 1 2
Rb 38.6 83.4 12 54 78
Sb
Sn 1 <D.L <D.L <D.L <D.L
T. <D.L <D.L <D.L <DL <D.L
Th 3 0.5 0.5 0.5 0.5
U <D.L <D.L <D.L <D.L <D.L
Ga 15 15 17 14 20
Se
Te
La 6 3.5 6.5 3.5 4
Ce 14 7.5 12.5 7.5 11
Nd 9 5 8 5 8
Sm 2.6 1 1.9 1.1 2
Eu 0.9 0.6 0.8 0.3 0.8
Yb 2.3 1.3 1.5 1.4 2.4
Lu 0.4 0.2 0.2 0.2 0.3
Dy 3.9 2.2 3.4 2.2 3.4
Er 2.7 1.2 1.8 1.5 2
Gd 3.2 1.7 2.8 1.8 3.7
Ho 0.9 0.5 0.6 0.5 0.8• Pr 2 1 1.8 1 1.7
Tm 0.4 0.2 0.3 0.2 0.3
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ONASBx-7113 ONA98x-7114 ONASElx-7116 0NAS8x-7117 0NA97-1-102S 0NAS8x-7045A

• Ryne Ryne Ryne Ryne Ryne Ryne
UIrarnafic nr. lJIrMIdc irtr. M8fitftrulion l.M1paphyre l.M1paphyre M8fic nru.ion

AuQlt 0.015 <C.L5 0.02 0.02 0.aJ5 <C.L

Si02wt1f, 42.«> 51.33 47.EiB 54.œ 53.84 55.68
Ti02 0.22 0.24 0.73 0.63 1.94 1.27
Al203 7.84 113> 14.21 12.84 14.86 14.24
Fe203 9.85 8.08 12.34 9.70 12.ES 14.39
MnO 0.28 0.17 0.28 0.16 0.19 0.21
MgO 12.81 12.17 6.80 8.78 3.32 4.89
cao 23.7.3 13.50 12.41 8.91 621 5.CD
Na20 o.œ 0.42 1.96 2.46 3.37 2.17
K20 2.59 2.85 3.44 2.25 2.62 2.01
P205 0.01 0.01 0.06 0.19 0.95 0.13
Cf203 0.26 0.12 0.01 0.04 0.01 0.01
TOTAl 100 100 100 100 100 100
LOI 27.16 19.28 13.91 5.87 3.39 5.17
SlTOT
C/T'OT

lrppm 14 13.5 34 62 2S8 75.5
Y 6 4 14 11.5 33 24
Nb 0.5 0.5 1 3 58 3
Ag <D.L <D.L <D.L <D.L 1 <D.L
As
Mo 31 251 4 1 3 1
Cu <DL 5 75 el) 25 20
Pb 20 20 <D.L. <D.L 25 <D.L
Zn 180 SI) 70 95 150 55
Ni 350 225 El) 55 8) 36
V El) 180 13J 96 245
Ba 239 :m 452 fi)4 1475 234
W 11 9 4 <D.L 2 6
Cr
Hg
Sr 5œ 5B8 191 259 sœ 97.2
Be
Co 54.5 43 41.5 C) «l.5 37.5
Cs 2.7 3.5 5 8.2 3.3 3.7
Hf 0.5 0.5 1 2 6 3
Rb 61.2 64 71.2 53 58.8 39.4
Sb
Sn <D.L <D.L <D.L <D.L 2 <D.L
Ta <D.L <D.L. <D.L <D.L <D.L <D.L
Th 0.5 0.5 0.5 1 25 0.5
U <DL <D.L. <D.L <D.L 2 <D.L
Ga 10 8 14 14 22 18
Se
Te
La 2 1 2.5 12.5 114.5 7
Ce 4 2 7 28.5 211 16
Nd 2.5 1 4.5 16.5 88 10
Sm 0.8 0.4 1.7 3.7 13.8 2.9
Eu 0.5 0.1 0.4 1.1 3.8 0.9
Yb 0.6 0.5 1.6 1.2 2.8 2.4
Lu <D.L <D.L 0.2 0.2 0.6 0.4
Dy 1.1 0.7 2.1 2.3 7 4.1
Er 0.7 0.5 1.6 1.2 3.9 2.6
Gd 0.9 0.7 2.1 3.4 11.6 4.1
Ho 0.2 0.1 0.5 0.6 1.4 0.9• Pr 0.5 0.3 0.9 3.8 25.5 2.2
Tm <D.L <D.L 0.3 0.1 0.6 0.4
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ONASBx-7049 0NA9Bx-7OO1 ONASBx-7œ7 QNASBx-7504A 0NA9Sx-7C15 ONAS8x-7œ2

• HcugIas Gr..-. Jinvny e.tin Knu.UM .IR.. c.bin
Matie inruIion UpiIIituff Matie '-PiIIi tuff Matie rMtavaIc. MetavoIc8nicIati FeI8ic metavok:.

Augtt 0.0025 0.0025 0.015 0.CXX25 0.CXJ25 0.0025

Si02wt% 45.37 70.35 52.fIJ <48.56 70.91 79.63
Ti02 1.96 0.56 1.50 1.36 0.50 0.32
Al203 13.82 15.22 15.97 15.17 16.02 13.68
Fe203 21.00 5.55 13.9) 14.13 3.36 121
MnO 0.25 0.11 0.18 0.52 0.04 0.Q3
MgO 8.39 3.3) 5.00 2.92 1.90 0.18
CaO 7.73 1.45 7.10 13.90 0.69 1.51
Na20 1.34 2.55 1.91 3.06 4.27 1.59
K20 0.04 0.83 1.62 0.28 2.20 1.77
P205 0.10 0.07 0.11 0.10 0.11 O.CS
Cf203 0.01 0.01 0.01 0.01 0.01 0.01
TOTAL. 100 100 100 100 100 100
lOI 8.m 3.67 7.fES 6.01 2.27 1.66
SlTOT
CITOT

Zrppm 53.5 124.5 73 57.5 145.5 113
Y 14.5 10 12 Z3.5 10 4.5
Nb 3 4 4 2 6 3
Ag <O.L <O.L <D.L <O.L <O.L <O.L
A!J
Mo 1 1 1 1 <O.L
Cu 1œ 40 156 as 15 15
Pb 5 <O.L 170 5 15 15
Zn 120 150 250 135 70 35
Ni 13) 20 50 170 3) 5
V 366 95 355 150 45 25
Ba 22 159.5 DJ 73.5 :5l 314
W <O.L 1 4 1 <O.l. 1
Cr
Hg
Sr 101 127.5 171.5 263 115.5 271
Be
Co 73 8.5 45.5 53.5 10 6
Cs 0.6 2.5 32 0.6 2.7 5.6
Hf 1 3 1 1 4 3
Rb 2.6 19.6 40 6.2 47.2 43.2
Sb
Sn 1 1 6 2 1 3
Ta <O.L 1 0.5 0.25 0.25 0.5
Th 0.5 9 <O.L <O.L 5 1
U <DL 1 0.5 <O.L 1 1
Ga 17 21 22 18 21 19
Se
Te
La 5 14.5 9 6 19.5 13.5
Ce 14 26 17.5 14 37.5 26
Nd 8 11 9.5 10.5 17 10
sm 2.3 2.1 2.4 32 3.1 1.8
Eu 1 0.6 0.9 1.2 0.9 0.6
Yb 1.7 0.9 1.4 2.3 1 0.5
Lu 0.2 0.1 0.2 0.4 0.2 <D.l.
Dy 3.1 1.5 2 4 2.1 0.9
Er 1.9 1 1.6 3 1.2 0.5
Gd 2.5 1.6 2.9 4.5 2.9 1.7
Ho 0.6 0.3 0.5 0.9 0.4 0.1• Pr 2 2.7 2.5 2.3 4.6 3.2
Tm 0.2 <D.l. 0.1 0.4 0.2 <O.L
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ONASBx-7œS ONASex-7œ4 ONASBx-7012 0NA9Bx-7125 ONHlSx-7œ1 0NAS8x-7124

• e.tWI e.tin GreMJimmy MVP c.bin MVP
Mdc ftaw bic Mdcvalcanic F..cdyke OP QFP Gebbra

AugA 0.œ5 0.0025 0.0025 o.m 0.CXJ25 0.03

Si02wt% 56.&4 51.99 70.56 65.89 66.68 46.18
Ti02 1.82 1.21 0.4S 0.83 0.41 1.œ
Al203 16.94 16.73 15.90 15.58 17.14 17.70
Fe203 11.43 13.418 3.88 6.96 3.04 20.15
MnO 0.13 0.%3 o.œ 0.06 o.œ 0.16
MgO 2.87 5.62 1.57 2.52 1.41 821
C.O 5.18 8.15 3.œ 2.3J 2.32 3.34
Na20 3.79 2.œ 2.16 4.39 7.01 2.85
K20 1.07 0.38 2.25 1.36 1.&3 0.13
P205 0.12 0.10 0.10 0.12 0.20 0.19
Cr203 0.01 0.01 0.01 0.01 0.01 0.03
TOTAL 100 100 100 100 100 100
LOI 5.œ 8.85 4.31 3.e5 1.34 6.81
SlTor
clTor

Zrppn 82 55.5 152.5 123 178 112
Y 19 20 6.5 11 12 25.5
Nb 5 3 3 4 14 5
Ag <D.L <C.L <D.L <D.L <D.L <D.L
As
Mo 1 <D.L 1 <D.L 2
Cu 115 115 2.5 Cl 10 10
Pb 5 5 5 <D.L 15 <D.L
Zn 170 120 50 20 20 1«J
Ni HI) 110 10 25 15 50
V 155 285 El) 110 45 375
B. 234 72 425 214 539 36
W <D.L 1 <C.L 3 <D.L 5
Cr
Hg
Sr 243 85.6 125.5 111 564 91.6
Be
Co 50.5 51.5 8.5 19.5 10.5 56
Cs 1.8 1.3 3 2.8 0.4 0.7
Hf 2 1 3 4 4 3
Rb 28 8.6 El) 33.4 315.6 6.2
Sb
Sn 3 2 <D.L <D.L 3 1
Ta 0.5 0.25 0.25 0.5 1.5 0.5
Th <C.L <D.L 3 3 4 1
U <D.L <D.L 0.5 0.5 3.5 <D.L
Ga 22 18 23 19 21 27
Se
Te
La 7.5 3.5 16 8 44 7.5
Ce 18.5 8 29.5 18.5 87 18
Nd 12.5 6 13 9.5 37 13
Sm 3.9 2.2 2.2 2.2 6.4 3.3
Eu 1.3 0.7 0.6 0.7 1.8 1
Yb 2.1 2.4 0.6 0.7 1 2.3
Lu 0.2 0.4 <D.L 0.1 0.1 0.4
Dy 3.5 3.2 1.1 2.1 2.3 4.5
Er 2.3 2.3 0.5 1.1 1.1 2.5
Gd 4.9 3.2 1.9 1.8 5.3 4.4
Ho 0.8 0.8 0.3 0.3 0.5 0.9• Pr 3 1.5 3.3 2.3 10.9 2.6
Tm 0.3 0.3 0.1 0.1 0.1 0.4
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ONA9Bx·7DJ2 0NASIJx·7007 ONA98x·7C10 QNA9Bx·7013 ONA9Bx·71œ 0NA98x·7120

• e;,...Jimmy MVP MVP MVP Ryne Ryne
CWJbro Mlficflaw M.rictlaw Mlficflow M.ricKhist MtIfic Khist

Aug4 0.01 0.CD25 0.CD25 0.CXJ25 0.02 0.12

Si02 """' SJ.33 50.88 52.21 49.94 52.97 47.57
n02 1.71 0.92 0.89 0.88 0.36 0.36
AS203 13.54 16.29 16.38 15.B3 11.85 12.12
Fe203 19.67 12.13 12.07 12.83 12.51 11.17
MnO 024 0.21 0.17 0.19 0.28 022
MgO 5.72 7.14 6.13 7.51 12.36 13.410
CaO 5.35 8.EIB 10.m 10.58 8.11 12.44
Na20 3.23 3.51 1.91 1.97 0.21 0.75
K20 o.œ 0.18 0.14 0.11 1.16 1.89
P205 0.13 O.CE 0.07 O.as O.as 0.01
Cr203 0.01 0.01 0.01 0.01 0.15 0.06
TOTAL 100 100 100 100 100 100
lOI 6.49 2.67 4.1 2.74 14.06 18.17
SlTOT
CITOT

Zsppn 75 45 56 44.5 21.5 24
Y 28 16.5 17.5 17 5 7
Nb 3 1 1 1 0.5 0.5
Ag <D.L. <D.L <D.L <D.L <D.L. <D.L
As
Mo 229 3
Cu 9) 96 70 110 5 20
Pb <D.L <D.L <D.L <D.L 15 <D.l.
Zn 100 70 80 85 80 80
Ni 25 125 110 110 336 ZJ)

V 4ED D5 285 275 sa 80
Ba 28.5 46.5 53 46 362 334
W <D.l. <D.L <D.L <D.L 7 13
Cr
Hg
Sr 57.9 1œ 147.5 1œ.5 119.5 726
Be
Co 51.5 54.5 47.5 52 ES.5 47.5
Cs 1 0.4 0.8 0.3 1.5 2.9
Hf 1 1 1 1 <D.L <D.L
Rb 5.2 3.6 6.2 3.6 36.2 57.6
Sb
Sn <D.l. <D.L <D.L <DL <D.L <D.L.
T. <D.L. <D.l. <D.L <DL <D.L <D.L
Th 4 <D.L <D.L <D.L <D.L <D.L
U <D.L. <D.l. <D.L <D.L <D.L <D.L
Ga 22 18 17 18 10 9
Se
Te
la 3 2.5 3 2.5 2 2
Ce 8 5.5 6.5 6.5 4.5 4
Nd 7.5 4.5 5 5.5 2.5 2.5
Sm 1.9 1.7 1.7 2 0.3 0.6
Eu 0.7 0.5 0.8 0.5 0.2 0.1
Yb 2.8 1.8 1.7 1.8 0.7 1
Lu 0.3 0.3 0.2 0.3 <D.L. <D.L.
Dy 4.5 2.4 2.9 2.3 1.1 1.2
Er 3 1.7 1.7 1.5 0.8 0.7
Gd 3.3 2.1 2.6 2.5 0.9 0.8
Ho 0.9 0.6 0.5 0.6 0.2 0.2• Pr 1.2 0.9 1.1 1.2 0.5 0.5
Tm 0.4 0.3 0.2 0.3 <D.L 0.1
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ONAS8x·7'021 ONASBC-81958 0NA9Bx·7025 0NA9Bx·7033 ONASBx-7tXJB ONASBx·7ŒJa

• Ryne ~ C...... C*' e;,..,.. Jimmy e;,.., Jinvny
IrDr.KhiIt F.c8dlilt F.cKhilt Fellic KhiIt Fellic lChiIt Fellic lChiIt

Aug4 <D.LS 0.1" 0.CXX25 0.01 0.CD25 0.ŒX2S

Si02'Aft1 64.73 7.... 71.01 89.12 72.77 72.31
Ti02 0.49 O.• O.Cl O.S:» 0.47 0.45
Al203 16.77 13.39 15.22 14.73 16.56 16.œ
Fe203 6.16 2.69 3.77 5.97 3.51 3.63
MnO 0.18 O.Œi O.Œi 0.11 O.Œi o.œ
MgO 1.52 0.50 1.82 2.56 1.56 1.E
Cao 3.84 1.52 3.10 3.a3 1.38 2.a3
N820 3.84 5.97 2.53 1.68 1.œ 1.046
K20 2.34 0.79 1.98 2.11 2.53 2.37
P205 0.13 0.12 0.10 0.10 o.œ 0.10
Cr203 0.01 0.01 0.01 0.01 0.01 0.01
TOTAL 100 100 100 100 100 100
lOI 4.63 2.31 4.1 4.33 3.61 4.13
SlTOT
CITOT

Zrppn 145 131 104 116 142
Y 9.5 8.5 11.S 6 6.5
Nb 5 4 4 2 3
Ag <D.L <D.L <C.L <C.L <C.L
As
Mo 1 2 1 1
Cu 15 320 25 10 2.5
Pb 25 10 15 <D.L 5
Zn 75 56 75 85 80
Ni 15 10 25 5 5
V 45 35 85 56 55
Ba 3B5 114.5 222 3:11 450
W <C.L 3 6 <C.L <C.L
Cr
Hg
Sr 170 221 251 85.6 1:1).5
Be
Co 9 6 11.5 7 8.5
Cs 4.1 1.5 2.4 3.7 4
Hf 4 3 3 3 3
Rb 47.6 22.2 56.4 57.6 59.8
Sb
Sn <D.L <D.L 3 <D.L <D.l.
Ta 0.5 <D.L 0.5 <D.L <D.l.
Th 5 1 <C.L 2 3
U 0.5 1 <C.L 0.5 0.5
Ga 21 14 19 21 21
Se
Te
la 20 18.5 12.5 13.5 14.5
Ce 39.5 35 24.5 23.5 25.5
Nd 19.5 16 11.5 9 9
Sm 2.9 2.5 2.6 1.5 1.7
Eu 0.9 0.7 0.7 0.5 0.3
Yb 0.9 0.7 1.3 0.7 0.7
Lu 0.1 0.1 0.2 0.1 <D.L.
Dy 2 1.5 2 0.9 0.7
Er 1.3 0.8 1.4 0.6 0.5
Gd 2.9 2.5 2.5 1.4 1.6
Ho 0.5 0.3 0.4 0.3 0.1• Pr 4.9 4.1 3.4 2.6 2.9
Tm 0.1 0.1 0.1 0.1 <D.L
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ONA9Bx·7C11 ONASBx·7tU) 0NA98x-7006 ONA98x-7œ5 ONAS8x-7œS ONA9Sx-7102

• GreenJimmy GreenJinmy Gr--.Jimmy GNenJimmy GrelIn Jinmy Ryne
Fellic lChiIt 1Ft.... schiIt Mefie 8ChiIt Mafic 8ChiIt Mefie lChiIt IFt.... dyke

Augl 0.0025 0.CXJ25 0.0025 0.02 0.0025 0.086

Si02wtOAa 74.14 58.64 49.3J 50.64 50.17 56.64
Ti02 0.47 1.23 0.96 1.11 1.œ 0.40
Al203 16.64 21.8) 17.42 16.œ 15.63 12.20
F.203 2.64 8.3) 12.37 14.04 16.83 7.67
MnO 0.04 0.10 0.21 0.20 0.29 0.24
MgO 1.27 3.CS 5.28 4.07 6.23 4.78
C.O 0.80 2.14 10.59 11.43 8.CS 11.35
Na20 1.33 2.œ 3.26 1.92 1.04 6.œ
1<20 2.58 2.74 0.53 0.44 0.54 0.E13
P205 O.CS 0.07 0.07 O.CS o.œ 0.01
Cr203 0.01 0.01 0.01 0.01 0.01 0.01
TOTAL 100 100 100 100 100 100
LOI 2.81 5.45 10.54 9.62 9.62 13.91
SlTOT
CITOT

Zrppm 142 58 41.5 67.5 50 416.5
Y 7 17 17 18.5 20.5 8.5
Nb 3 2 1 3 3 1
AfJ <D.L <D.L. <D.L <D.L <D.L <D.L
As
Mo 2 1 4
Cu 2.5 9:) 150 115 13) 10
Pb 10 <D.L <D.L 5 5 25
Zn 50 S) 75 125 156 75
Ni 5 210 13) 110 110 SJ
V EI3 :B) 29) 29) 2«) EI3
Be 342 448 se 66.5 1œ 112.5
W <DL <DL <D.L <D.L <D.L. 16
Cr
Hg
Sr 67.2 127.5 111.5 114.5 70.1 591
Be
Co 6.5 64.5 56.5 47.5 53 18.5
Cs 3.5 3.7 1 1.1 1.4 0.8
Hf 3 1 1 1 1 1
Rb 62.6 70.8 16 8.6 11.4 15
Sb
Sn <DL <D.L <D.L 2 2 <D.L
Til <D.L <D.L <D.L. <D.L 0.5 <D.L
Th 3 <D.L <D.L. <D.L. <D.L <D.L.
U 0.5 <D.L <D.L <D.L <D.L <C.L
Ge 23 23 18 17 17 13
Se
Te
1.11 15 3.5 2.5 3.5 3 7.5
Ce 28 9 5.5 8.5 8 14.5
Nd 10.5 6 4.5 e.5 6.5 6.5
Sm 2 2 1.8 2.3 2.1 1.3
Eu 0.7 0.6 0.6 0.8 0.8 0.5
Yb 0.6 1.3 1.9 2.3 2.5 0.7
Lu <D.L 0.2 0.2 0.4 0.4 0.1
Dy 1.4 3.2 2 3.2 3.6 1.6
Er 0.5 1.8 1.6 2.3 2.6 0.8
Gd 1.6 2.3 1.9 3.5 3.3 1.3
Ho 0.3 0.6 0.6 0.8 0.8 0.3• Pr 2.7 1.3 1 1.4 1.4 1.5
Tm 0.1 0.3 0.2 0.3 0.4 0.1
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0NAS8x-7121 ONASBx·7115 0NAS8x-7026 0NA97-1-1œ2 0NA97-1-1eJ53 ONAS7-1-1œ4

• RyM Ryne MVP Ryne Ryne RyM
Diorùül Monzanie Manzanie CongIan1eID CongIan1eID CongIomenD

Augl 0.015 0.01 0.0025 0.715 0.02 0.02

Si02wt% 51.98 63.87 71.69 56.51 57.98 56.E
Ti02 0.61 0.55 0.21 0.82 0.68 0.63
Al203 9.70 17.31 15.61 13.47 14.88 14.9)
Fe203 9.93 4.98 1.86 9.86 7.87 7.94
MnO 0.18 0.10 0.04 0.18 0.16 0.20
MgO 12.26 1.43 0.83 4.82 4.55 4.83
C.O 10.87 2.75 1.29 9.04 8.33 10.14
N~O 1.89 5.53 5.01 2.44 1.42 2.07
K20 2.29 3.21 3.36 2.74 4.04 3.89
P205 0.19 0.27 o.œ 0.11 o.œ O.CS
Cr203 0.11 0.01 0.01 0.01 0.01 0.01
TOTAL 100 100 100 100 100 100
LOI 15.18 3.34 1 10.48 11.75 13.49
SlTOT
CITOT

Zrppn 51 158.5 91 78 76.5
Y 9.5 14 4 16 10
Nb 4 8 5 3 3
AQ <D.L <D.L <D.L <D.L <D.L
As 134
Mo 2 <D.L. <D.L 1 1
Cu 55 15 5 75 45
Pb 5 20 20 20 15
Zn 45 S6 Cl 75 El)

Ni 115 5 5 ~ 1œ
V 110 S) 15 150 120
Ba 233 1œ5 912 334 535
W 4 1 <D.L 9 5
Cr
Hg
Sr 520 707 666 220 133
Be
Co 43 9 4.5 37.5 29.5
Cs 45.4 2.7 2.1 2.7 3.4
Hf 1 5 3 2 2
Rb 100.5 ES 112.5 63.8 82.2
Sb
Sn <D.L <D.L 3 1 <D.L
Ta 1.5 0.5 0.5 <D.L 0.5
Th 3 5 1 3 3
U 0.5 2.5 1.5 <D.L <D.L.
Ga 11 22 21 16 15
Se
Te
1.8 19 54 10.5 7.5 8
Ce 38.5 107 23 16 16.5
Nd 18.5 45 9.5 9.5 9
Sm 3.8 7.3 1.9 2.5 2.1
Eu 0.9 1.7 0.6 0.7 0.6
Yb 0.7 1.2 0.4 1.8 1.1
Lu 0.1 0.1 <D.L. 0.3 0.1
Dy 2.2 2.9 0.7 3.3 2.2
Er 0.9 1.1 0.4 2.2 1.2
Gd 3.5 6.3 1.6 2.7 2
Ho 0.4 0.5 0.1 0.7 0.5• Pr 4.8 12.1 2.7 2.3 2.1
Tm 0.1 0.1 <D.L 0.3 0.1
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ONA97-1-1Œ6 0NA97-1-1Œi6 OG9E1Ce4134

• Ryne Ryne Biga-r
Congklmenlte Conglomtnte G8tIbra

Au~ o.œ 0.17 0.018

Si02\\tOA. 58.33 53.57 48.07
n02 O.S) 0.54 1.75
Al203 14.17 13.89 16.02
Fe203 6.98 11.02 18.14
MnO 0.23 0.24 0.17
MgO 3.18 3.19 5.47
CaO 10.73 11.es 5.63
Na20 3.70 3.34 4.54
K20 1.98 2.œ 0.07
P205 O.CS 0.07 0.16
Cr203 0.01 0.01 0.00
TOTAL 100 100 100
lOI 10.52 9.4t 7.44
SlTOT
CITOT

Zrppm 68.5 1œ
y 10.5 26
Nb 2 3
Ag <O.L 0.2
As 58 2.5
Mo 3 <D.L
Cu 29) 41
Pb 20 <O.L
Zn 75 136
Ni 100 59
V 100 384
Ba n 32
W 9 <D.L
Cr 55
Hg 2.5
Sr 210 183
Be 1
Co 3J 49
Cs 2.4 1
Hf 1 2
Rb 45.4 3
Sb 0.2
Sn <O.L 2.5
Ta <O.L <O.L
Th 2 <O.L
U <D.L <D.L
Ga 12 18
Se 0.3
Te <O.L
La 7.5 4.6
Ce 15.5 9
Nd 8 2.5
Sm 1.9 2.6
Eu 0.6 0.9
Yb 1.1 2.4
lu 0.1 0.34
Dy 2.1
Er 1.2
Gd 2.4
Ho 0.4• Pr 2.1
Tm 0.1
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• Microprobe analyse results of gold and electrum
Detection limit in v.t%: Au. 0.1; Ag, 0.15; Ha, 0.3; Cu, 0.08

sampi!. Au (peb) lOCItion Au'" AgYttew. Hg~ Cu\\t% TcUI'Itt%

1728-281 25CXX) Hourgllls 79.25 18.CX3 0.19 97.47
172a-~ 2SD) HourgIlSs 78.3) 17.78 o.œ 96.17
172a-2a3 2SD) Hourglas 80.11 17.4& 0.15 97.72
172a-2M 25CXX) HaurgIna 78.&6 17.86 0.26 97.œ
172a-2Ë» 2SD) HaurgIna 82.52 11.14 0.12 EO.78
22-1.1 aœo Ryne 89.78 7.42 0.17 97.37
22-182 eœo Ryne M.sa 10.53 0.11 97.23
22-281 eœo R)f1I 79.58 16.31 0.11 95.&6
22-~ aœo Ryne 72.3) 19.38 0.16 91.84
172a-2a2 2SD) Hourglass 80.65 17.91 0.10 0.04 98.70
172a-2a3 25DJ) Hourglas 80.3) 17.89 0.01 0.02 98.22
172a-2M am Hourglns 80.04 17.82 0.12 0.04 98.02
22-1.1 eœo R)f1I 91.63 7.44 0.00 0.CX3 89.10
148C1., 13XJ) Bige.r 88.88 6.48 0.00 0.04 96.18
173C31 fIXXX) Claimline 88.04 11.37 0.01 0.CX3 99.45
173C212 fIXXX) ClafmUne 87.81 11.31 O.as 0.04 99.02
173C21'3 fIXXX) Claimllne 87.99 11.48 0.00 0.04 99.52
176C1C»1 4fDX) Hourglass 83.81 13.39 0.00 0.02 97.22
176C131 4fDX) Hourglna 83.00 13.04 0.03 0.CX3 96.10
176C132 48CD) Haurglas 79.91 11.77 0.12 O.CS 91.84
176C121'3 48CD) Hourglas 82.39 12.96 0.19 0.00 &6.54
066Cf.W1 13XJ R)t18 78.S 18.64 0.00 0.CX3 97.36
R2C1C»1 ZXXJX) R)t18 94.24 6.86 0.00 0.02 100.92
R3C3t1 3XXXX) Ryne 90.58 8.64 0.00 0.06 99.28
R3C3I2 zxxm Ryne 91.œ 8.54 O.as 0.02 100.sa
R3C9t1 3XXXX) Ryne 93.53 6.80 0.00 0.03 100.36
R3C9I2 3XDX) Ryne 92.85 6.S 0.08 0.(1) 99.67
R3C10ff1 ZXXJX) R)M 92.46 6.71 0.00 0.(1) 99.23
R3C10lt12 3XXIX) Ryne 92.œ 6.97 0.00 0.(1) 99.12
R3C101J3 3JXXX) R)f18 1:B.23 6.62 0.14 0.06 100.œ
R3C10tL4 3XDX) Ryne 91.54 6.73 0.00 0.08 98.35
R1.C1., 3JXXX) Ryne 94.65 5.92 0.00 0.04 100.EIJ
R1.C31 2IXXXX) Ryne 94.06 6.(1) 0.00 0.13 100.23
R1.C212 3JXXX) Ryne 94.77 6.17 0.00 0.07 101.02
R1.C2M3 3XDX) Ryne 94.27 6.01 0.00 0.06 100.33
R1.C2J4 3JXXX) Ryne 92.46 6.06 0.00 0.02 98.53
R1.C3I1 3XXXX) Ryne 92.fJl 5.87 0.00 0.01 98.47
R1.C312 3XXXX) Ryne 92.3) 6.02 0.00 0.04 98.36
R1.awI 3XXXX) Ryne 92.41 6.25 0.00 o.œ 98.76
R1.C912 3JXXX) R)t18 92.14 6.44 0.00 0.06 98.64
R1.CQ13 3JXXX) Ryne 92.36 6.45 0.00 0.06 98.86
R1bC1., ZXDJ) R)M 92.36 6.27 0.00 o.œ 98.68
R1bC112 ZXDJ) R)t18 91.78 6.56 0.00 0.02 98.35
R1bC1i13 3JXXX) R)f18 92.35 6.42 0.00 0.07 œ.S4
R1bC114 ZXDJ) R)f18 92.3) 6.31 0.00 0.07 98.58
R1bC11., 3DJX) R)f18 92.55 6.œ 0.00 0.CX3 98.64
R1bC1112 3JXXX) R)f18 92.81 5.92 0.00 0.04 98.58
H2CM 85ŒX) Hourglns 78.50 18.55 0.00 0.CX3 97.07
H2C7f12 85ŒX) Hourglass 19.39 18.71 0.CX3 0.04 98.18
H2C'1*3 esm Hourglass 78.34 18.47 0.00 0.00 96.81
H2C7t4 esr.m Hourglass 70.02 26.34 0.19 0.00 96.55• 022C1.-t eœo R)t18 90.24 7.21 0.00 o.œ 97.50
022C112 eœo R)f18 86.85 10.CJ 0.00 0.02 97.27
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S!mpI!- Au Cppb) LOCItian Au .... Ag V'tt4Kt HpV'tt4Kt Cu'" Tai ....

• 022C2lt1 eœo R)ftt 80.01 15.93 0.00 0.08 96.01
148C11t1 13750 Biga.r 89.93 8.79 0.00 0.02 96.74
128C11t1 70 R)ftt 93.25 8.98 0.00 o.œ 100.31
œBC11t1 3SO R)ftt 88.71 29.17 0.00 0.03 98.00
œsC112 3SO R)ftt 89.29 28.92 0.00 0.04 98.27
œsC113 3SO R)ftt 89.02 29.18 0.00 0.00 98.22
œaC114 3fIlO Ryne 89.37 28.58 0.00 O.CE 98.02
œeC1E 3fIlO R)ftt 86.75 28.70 0.17 0.03 97.78
œ1C11t1 2S3) HaurgIas 75.58 22.84 O.as 0.02 99.92
œ1C112 2S3) HaurgIau 15.81 22.85 o.œ 0.01 1CX),12

œoc11t1 480 R)ftt 78.93 20.12 0.00 0.00 99.ai
œoc112 480 Ryne 78.54 20.12 0.00 0.01 98.88
œoc113 480 R)ftt 17.97 19.97 0.00 0.05 98.01
œoc114 480 Ryne 79.52 19.82 0.00 0.00 99.34
œoc1E 480 R)ftt 79.39 20.01 0.00 0.02 99.42
œoc116 480 Ryne 81.98 16.87 0.00 0.01 98.87
œoc1.r 480 Ryne 82.80 17.19 0.00 0.02 100.01
œoc1MJ 480 Ryne 81.00 17.96 0.04 0.00 99.00
œoc11S 480 Ryne 82.35 16.96 0.00 0.04 99.35
œoc2lt1 480 Ryne 73.98 21.21 0.00 0.03 97.91
œoc2J2 480 Ryne 74.79 20.12 0.00 0.02 97.19
O21C11t1 eœo Ryne 79.42 20.5D O.CD 0.02 100.03
O21C1'2 eœo Ryne 78.9J 18.99 0.00 0.01 97.98
O21C113 eœo Ryne 78.96 18.84 O.CD 0.00 97.89
142C11t1 14710 R)ftt 85.57 7.86 0.00 0.03 98.06
142C112 14710 R)ftt 93.19 8.74 0.00 0.06 103.62
1SlC11t1 73) BigB.r 88.85 11.4) 0.07 0.19 101.5
15OC1~ 73) Big&.r 87.82 11.œ 0.00 0.3'J 100.53
065C11t1 3D) R)ftt 89.25 10.00 0.00 o.œ 101.86
065C1112 3D) R)ftt 89.15 9.89 0.00 0.04 100.81
065C113 3D) Ryne 88.31 9.44 0.00 0.06 100.se
065C2If1 3D) Ryne 92.57 7.59 0.00 o.œ 101.418
065C2J2 3D) R)ftt 92.2D 7.80 0.00 0.06 101.27
065C2M3 3D) R)ftt 91.86 7.81 0.00 0.07 100.5
1ClC11t1 3ZX) Ryne 79.95 19.37 0.00 0.07 101.12
1ClC112 3ZX) R)ftt 79.15 18.83 0.02 0.06 100.35
1ClC113 3ZX) Ryne 79.86 18.98 0.00 0.04 100.44
1ClC2I'1 3ZX) Ryne 96.70 4.18 0.00 o.œ 103.24
1ClC2J2 3ZX) R)ftt 96.%3 4.10 0.00 0.07 102.58
1ClC2M3 3ZX) Ryne 95.89 4.17 O.CD o.œ 102.œ
1ClC2M 3ZX) Ryne 96.53 4.35 0.00 0.06 102.79
1ClC3J1tf 3ZX) Ryne 80.77 12.77 O.CD 0.02 94.52
1ClC312 3ZX) Ryne 81.17 13.00 0.00 0.02 96.07
138BC2IfI 129ED R)ftt 71.50 :2S.~ 0.00 O.CE 97.88
138BC2J2 129ED Ryne 73.00 :2S.3'J 0.00 0.02 99.œ
138BC3I1 129ED Ryne 81.97 9.81 0.13 O.CE 97.27
138BC312 129ED Ryne 85.54 10.03 0.07 0.04 99.72
138BC313 1298) Ryne 88.71 10.44 0.00 0.06 102.01
H1C1111 fSXX) Hourglllss 88.œ 11.54 0.00 o.œ 99.85
H1C112 fSXX) Hourglllss 87.fIl 10.98 0.00 0.03 98.81
H1C113 e5QX) HaurglUs 89.05 11.33 0.00 0.00 100.38
H1C1t4 85CXX) HaurgIaS 88.07 11.20 0.00 0.00 99.27
H1C115 e5QX) HourgIaS 88.%3 11.CE 0.00 O.CE 99.33
H1C116 e5QX) Haurglus 88.04 11.~ 0.00 0.00 99.81

• H1C1.r e5QX) Hourglass 88.04 11.23 0.00 0.04 99.89
H1C1. e5QX) Hourglass 87.89 11.49 0.00 0.02 99.80
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S!mp!!' AU Cppb) LOCIIIian AuwrM. ApwrM. HpM1l. CuwrM. TatalwrM.

• H1C1~ 85IJX) HaurgIau 88.15 11.37 0.03 O.al S9.57
H1C1110 85IJX) HaurgIas 87.71 11.01 0.00 0.00 98.74
H1C2Itt &IX) HaurgIas 88.C» 11.94 0.00 0.00 100.03
H1C3Q &IX) Hourglna 88.00 11.87 0.00 0.00 99.87
H1C2J3 85IJX) HaurgIau 86.90 11.73 0.02 0.00 98.87
H1C3f4 85IJX) HaurgIau 87.œ 11.~ 0.00 0.01 99.01
H1C2J1115 e9XD HaurgIau 87.4) 11.88 0.00 0.00 99.28
H1C2J6 85IJX) HaurgIau 86.96 12.03 0.00 0.02 S9.01
H1C311 85IJX) HaurgIau 88.43 12.00 0.00 0.04 98.55
H1C.-t 85IJX) HaurgIau 88.m 1125 0.00 o.m 99.31
H1CC fJ5CD) HourgIas 87.24 11.70 0.00 0.01 98.96
H1C413 85000 HaurgIau 87.38 11.84 0.00 0.04 99.10
H1C41f4 85000 HaurgIau 87.41 11.75 0.00 0.00 S9.16
H1C415 85000 Hourglas 87.37 11.87 0.00 0.00 99.24
H1œ.1 85000 HaurgIau 86.96 12.30 0.00 0.02 S9.31
H1C8I1 85000 HaurgIaa 86.24 11.4if 0.00 o.m 97.94
H1C7ftI 85000 Hourgtua 86.88 12.02 0.00 0.01 98.75
H1Cm 85000 HaurgIaa 87.31 11.n 0.00 0.03 S9.11
H1C7*3 85000 HourgIas 88.11 11.98 0.00 o.œ 100.19
H1Ctw1 85000 Hourglass 87.74 11.83 0.00 0.04 S9.61
H1CM2 85000 Hourglns 87.92 11.91 0.00 0.02 99.85

•
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Microprobe analyse results of pyrite

• Deteclon lnit in w8: Fe, 0.05; Aa, 0.03: Co, NI, S, 0.01; Cu, 0'01; Zn, 0,03

S!mp!!. Au(Pfb) Location ~.V11!6 Aa~ Co .... eu .... Ni .... ZnV\8 S~ Talai ....

1728-1. 25OGO HaurgIaa •.SI 0.02 0.07 0.00 53.48 100.13
1728-1b 25OGO Haurg!eIa •.51 0.02 0.05 0.00 51• 100.31
1~1 25GOG HaurgIaa •.11 0.33 0.10 0.02 53.03 •.13
1~ 25GOG Hcr.l"" •.1" o.• 0.05 0.00 52.15 •.42
11'28-3 2SOOO Haurg!8u •.42 O.DI 0.05 0.00 53.34 •.87
1~ 2SOOO Houfg!Me •.52 o.• O.DI 0.02 53.01 100.14
172a-4rfrn 25CIOO HcIurIP- 42.11 0.07 0.11 0.05 51.71 .....
22·1. IGIO R~ •.41 0.07 O.OS 0.00 53.22 •.12
22-28 IGIO l'ylie •.11 0.10 0.07 0.00 53.40 100.18
22-311 I0IO l'ylie • .21 0.01 O.OS 0.02 53.10 •.52
23C'.' 1270 l'v- ••12 a..... 0.20 0.02 0.01 0.01 53.15 Il.11
23C1C 1270 R~ 45.40 0.22 0.20 0.05 0.01 0.01 53.45 Il.34
~1 1270 R~ •.50 0.22 0.01 0.04 0.01 0.02 53.51 100.31
23C4f'1 1270 R~ •.70 0.45 0.00 0.00 0.01 0.02 53.18 100.31
23CY1 1270 R~ •.48 0.01 0.00 0.04 0.00 0.02 52.12 Il.....
23CSC 1270 l'v- ••18 0.53 0.00 0.00 0.00 0.00 52.71 •.41
ac:.1 1270 R~ ...., 0.12 0.00 0.03 0.01 0.00 53.30 •.11
23C8C 1270 R~ •.14 0.51 0.00 0.02 0.01 0.00 53.03 100.21
2x:.:s 1270 RV- •.35 0.07 0.00 0.03 0.01 0.03 53.11 •.es
3OC31 2340 l'v- •.17 O.DI 0.01 0.04 0.00 0.00 53.31 •.58
21C1., 8010 RW- 45.70 0.11 0.21 0.01 0.01 0.01 52.32 •••
21C31 I0IO R~ 45.15 0.11 o..... 0.03 0.01 0.02 53.20 •.71
21e-1 I0IO RW- • .20 0.18 0.00 0.00 0.07 0.00 53.37 •.81
21c.1 8010 Rvne •.45 0.01 0.01 0.04 0.04 0.00 53.10 Il.78
141C'.' 13750 Big'" •.31 1.12 0.00 0.00 0.01 0.03 52.41 •.18
141C1C 13750 Big'" •.74 0.04 0.00 0.02 0.01 0.00 53.50 100.31
148C»1 13750 Big'" ••71 0.03 0.01 0.04 0.02 0.00 53.40 100.21
148C2C 13750 Big'" ••34 0.01 0.01 0.01 0.01 0.01 53.21S •.80
173C1., eoooa Claimli". •.37 0.02 0.17 0.03 0.03 0.00 53.50 100.12
17SC»1 1Ioz RW- •.53 0.07 0.00 0.02 0.02 0.00 53.27 Il.12
17SOW1 1Ioz Rylle •.33 0.03 0.00 0.04 0.01 0.03 53.SI 100.00
175C4C 7Iaz Rw- ••03 o.• 0.01 0.01 0.04 0.00 52.15 •.80
175C..-s 7Iaz Rvne •.27 O.OS 0.04 0.01 0.01 0.04 53.55 Il.17
17SCY1 7Iaz R)'te .....34 1.13 1.83 0.00 0.01 0.03 52.22 100.01
175C'" 7Iaz RW- 45.11 1.03 0.33 0.00 0.03 0.03 52.17 Il.25
17SC7C 7Iaz R)'te •.45 O.DI 0.00 0.00 0.00 0.00 53.41 100.00
175CU1 7Iaz l'ylie •.10 0.01 0.00 0.00 0.02 0.04 53.01 100.03
1~1 7Iaz l'ylie •.14 0.01 0.00 0.00 0.00 0.00 53.01 Il.74
17SCM2 7Iaz l'ylie 41.• 0.20 0.03 0.01 0.03 0.00 53.08 Il.10
175C1113 7Iaz Rylle •.51 0.02 0.00 0.03 0.01 0.00 53.35 •.17
111C»1 45000 Hourgiau •.11 0.07 0.00 0.04 0.02 0.00 52.... Il.11
171C»1 45000 Hourgiau •.14 0.02 0.04 0.03 0.13 0.01 53.05 111.13
171C31'2 45000 Hourgiau •.51 0.17 0.15 0.05 0.10 0.00 52.17 100.00
1~ 45000 Hou.... •.54 0.20 0.13 0.03 0.07 0.00 52.11 Il.15
171C&J1 45000 Hou.... •.43 0.12 0.22 0.04 0.04 0.02 52.11 ••7'1
17ICSG 45000 Hourgiau •.42 0.74 0.12 0.03 0.21 0.00 52.41 100.07
171C5a 45000 Hourgiau 45.1S 0.12 0.11 O.DI 0.21 0.01 52.70 Il.70
1~1 4SOOO Hou,... 41.SI O.aI 0.02 O.aI 0.05 0.01 52.12 •.71
171CM1 4SOOO Hourgiau 45.13 0.11 0.00 0.02 0.02 0.02 52.10 •••
171CM2 45000 t10urgIaI .....77 2.77 0.10 0.03 0.10 0.00 51.23 •.10
111C8a 45000 HourgIMe 45.51 0.20 0.33 0.04 0.53 0.01 52.11 Il.37
171C,1., 4SOOO HourgIna •.45 0.20 0.02 0.03 0.18 0.00 53.00 •••
171C11C 4SOOO Hourgiau •.71 0.01 0.00 0.04 0.01 0.02 53.12 Il.11
171C11a 45000 Hourglau •.74 1•• 0.00 0.03 0.01 0.00 51.71 100.45
171C"'" 45000 HourgIau •.13 1.15 0.00 0.03 0.00 0.01 51.10 100.22
171C11at5 45000 Hourglna •.15 0.20 0.00 0.03 0.01 0.00 52.15 100.05
171C11. 45000 HourgIaa ...... 0.18 0.01 0.05 0.12 0.02 52.18 •.75
C)C)3C31 15 R~ •.43 0.2" 0.00 0.03 0.01 0.00 53.21 Il.12
003C:2G 15 Rylle •.50 0.11 0.00 0.03 0.01 0.03 53.• 100.22
003C2IJ3 15 Rylle 45.07 0.24 0.10 0.04 0.04 0.00 52.12 •.14• 003C»II 15 Rylle •.80 O.aI 0.00 0.01 0.01 0.02 53.41 100.17
003C2IJ5 15 l'ylie •.87 0.23 0.00 0.04 0.03 0.04 53.17 100.37
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s.mpe• ~(ppb) LacIIIIan ,.... ,..""" Co~ eu~ Ni~
Zn """

S.- TaIIII """

• CJO!C3I 15 "'" ".85 0.15 0.00 0.04 0.03 0.00 53.31 100.55

003C1IJt 15 "'" •.57 0.07 0.08 0.01 0.02 0.00 53.71 100.57

OO3C8It es "JM ..., 0.01 0.12 0.02 0.02 0.00 53.72 100.11

eme.t es "'" •.52 0.03 0.00 0.04 0.04 0.00 53.52 100.15

003C11., as "'" •.78 0.13 0.00 0.02 0.03 0.02 53.se 100.se

.e1.,

,_
A". ••• 0.01 0.00 0.03 0.05 0.00 53.41 100.21

.e1C 12GO A". ••• 0.10 0.01 0.02 0.05 0.01 53.32 Il.''

.e113 12GO "'" ".78 0.01 0.07 0.02 0.02 0.01 53.45 100.45

.e1... 1200 A". ".33 0.40 0.01 0.01 0.01 0.00 53.13 100.00

.e1. 1200 "'" ...... 0.01 0.00 0.01 0.04 0.03 53.SI 100.24

.e1. 1200 "'" 45._ 0.14 0.03 0.04 0.01 0.00 S3.25 Il.0

-':»1 1200 "'" ".St 0.02 0.00 0.01 O.OZ 0.02 53.G 100.01

~ 1200 "'" ".7'3 0.05 0.03 0.03 0.21 0.00 53.07 100.11

.ccz 1200 "'" ".32 0.01 0.10 0.03 0.07 0.03 53.54 100.1.

.-cas 1200 "'" ".33 0.05 0.01 0.02 0.01 0.02 53.SI 100.OZ

OIICSItt 1200 "'" ".24 0.04 0.00 0.05 0.03 0.00 53.72 100.01

aeee::.1 1200 "'" ".74 0.10 O.OZ 0.04 O.OZ 0.00 53.51 100....

OIICIC 1200 "'" ".72 0.01 0.00 0.05 0.01 0.00 53.40 100.33

0IICM3 1200 "'" ".45 0.01 0.00 0.02 O.OZ 0.00 53.05 •.10

~1 1200 "'" 45.51 0.03 0.01 0.01 0.11 0.00 52.42 ".01
--=-z 1200 "'" ••14 0.05 0.00 0.00 0.12 0.03 37._ es.02

c.cII3 1200 "'" ...22 0.01 0.02 0.00 0.11 0.00 50.27 •.U

R2C31 7Ioz "'" ".54 0.51 0.00 0.03 0.01 0.00 53.11 100.11

~1 7Ioz "'" ".12 0.70 0.00 0.02 0.01 0.00 52.78 100.12

R2CSI:2 7Ioz R". 21.10 0.12 0.01 0.03 0.03 0.00 45.24 14.03

~1 7Ioz Ryne ".78 0.11 0.00 0.01 0.01 0.02 53.0 100.33

R2C~t 7Ioz R". .... 0.01 0.04 O.Ot 0.02 0.01 53.82 100....

R2C7C 7Ioz Ryne ".72 0.13 0.00 O.Ot 0.01 0.00 53.74 100.lt

R3C»1 7Ioz Ryne ".77 0.17 0.02 0.01 0.04 0.00 53.82 100.'"

R3C2G 7Ioz Ryne ".77 O.• 0.00 0.04 0.02 0.00 52.. 100.15

R3C3.J 7Ioz Ryne ".07 0.37 0.02 0.00 0.02 0.01 52.75 Il.24

R~1 7Ioz Ryne .... 0.13 0.00 0.02 0.03 0.04 53.• 100.•

R3CtI1 7Ioz Ryne ".74 0.20 0.00 0.02 0.04 0.00 53.51 100.57

R3CIlIl'2 7Ioz Ryne ....7 0.11 0.00 0.00 0.02 0.00 53.55 100.•

R3C1a.1 7Ioz Ryne ".IS 0.1' 0.04 0.00 0.03 0.00 53.25 100.37

R3C1OC 7Ioz l'". ".21 0.35 0.01 0.03 0.01 0.00 53.81 100.....

Q22C1., I0IO Ryne ".45 0.13 0.00 0.04 0.02 0.00 54.15 100.71

Q22C1C I0IO Ryne ••37 0.01 0.01 0.00 0.01 0.00 53.11 100.0

Q22C211 I0IO Ryne ..... 0.31 0.00 0.04 0.01 0.00 54.01 100.•

022C2I2 ICIICI Ryne ••71 0.07 0.00 0.01 0.02 0.00 54.07 100.14

022C2IJ3 I0IO Ryne .... 0.07 0.01 0.02 0.03 0.00 54.01 100.•

022C»1 I0IO Ryne •.01 0.04 0.00 0.05 O.OZ 0.00 54.71 100.•

022C3G I0IO R". •.78 0.01 0.00 0.04 0.03 0.01 53.13 100.84

Q22C3I3 ICIICI Ryne 45.... 1.t7 0.00 0.03 0.07 0.00 53.... 100.31

Q23C411 ICIICI Ryne .... 0.01 0.02 0.04 0.02 0.02 54.34 100."

023CC I0IO Ryne ".22 0.47 0.00 0.03 0.02 0.01 53.12 100.•

023C4I3 ICIICI R". .... O..... 0.00 0.01 0.01 0.02 53.13 100.11

~ I0IO Ryne ".55 0.14 0.02 0.01 0.02 0.00 54.01 100.84

023C4I5 I0IO Rvne ".40 0.02 0.00 0.04 0.00 0.01 54.4' 100.18

14(:'.' 13750 Bigla, •.11 0.04 0.04 0.02 0.03 0.00 53.• 100.17

14(:112 13750 Big Ba, ....7 0.01 0.00 0.00 0.01 0.00 53.84 100.13

14(:113 13750 Biglar ....7 1.01 0.00 0.00 O.OZ 0.00 52.13 100.70

14(:1... 13750 Big ...., ••• O..... a.oo 0.02 0.01 0.02 53.51 100.17

14(:1. 13750 Bigla, 47.45 0.04 0.00 0.02 0.01 0.02 53.51 101.05

14(:1. 13750 Big ...., ".55 0.02 0.00 0.01 0.01 0.00 53.SI 100.1'

141C211 13750 Bigla, •.45 0.01 0.10 0.00 0.02 0.00 53.... 100.28

141C32 13750 Bigla, ".10 0.05 0.00 0.00 0.03 0.01 53.11 100.11

141Ca3 13750 Bigla, •.71 0.32 0.00 0.01 0.01 0.00 53.11 100.17

17SC111 7Ioz R". ".78 0.10 0.00 0.01 0.03 0.00 53.18 100.81

121C1., 7400 Rvne •.13 0.04 0.00 0.02 0.02 0.03 53.15 •.31

121C1C 7400 Ryne 45.77 0.07 0.00 0.01 0.01 0.00 53.20 Il.05

121C31 7400 R". 45.71 0.14 0.00 0.02 0.01 0.00 53.21 Il.13

121C32 7400 RV- 45.13 0.01 0.00 0.01 0.00 0.00 53.54 Il.31

• 121C3f3 7400 Rvne 45.• 0.14 0.00 0.00 0.02 0.00 52.15 Il.07

121C3'1 7400 l'V- 45.10 0.07 0.00 0.03 0.02 0.00 53.10 •.12
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S!mpI!- AuC_) Loc6n ,.""" ,...... CoV18 eu... Ni"'" ZIIV18
S """ TaIIII """• 121C312 7_ "V- 45.•7 0.10 0.00 0.00 0.02 0.00 53.03 Il.03

121C1t1 7_ "V- 45.15 0.10 0.00 0.03 0.01 0.00 52.. Il.1.
12ICC 7_ l'V- 45.. 0.17 0.00 0.02 0.02 0.07 53.01 Il.34
121C411S 7_ RV- •.30 0.07 0.03 0.03 0.02 0.03 53.27 Il.''
1:ac:.1 7_ RV- •.13 0.1' 0.00 0.00 0.01 0.00 53.01 Il.•
12ICMZ 7400 RV- 45.10 0.10 0.00 0.02 0.03 0.00 52.. •.•1
R1.c»1 7Iaz Rvne 45.• O•• 0.'7 0.00 O.az 0.00 52.10 •.1'
R1eC51t1 7Iaz l'V- 45.• O•• 0.00 0.02 0.02 0.00 53.11 •.17
R18C5l1l2 7Iaz l'V- 45.12 0.05 0.01 0.01 0.01 0.00 52.11 •••R1ac:.1 7Iaz l'V- • .20 O.OS 0.00 0.03 0.01 0.01 53.12 •.42
R1.c111 7Iaz l'V- •.37 0.12 0.00 0.02 O.CM 0.01 53.01 •.14
R1.CIG 7Iaz l'V- 45.11 0.15 0.00 0.00 0.03 0.02 53.21 •••R1ac11.1 7Iaz RV- ....1 0.02 0.00 0.02 0.03 0.00 53.31 •.10
IU.C1.1 7Iaz RV- 45." 0.03 0.00 0.00 0.01 0.01 53.05 Il.•
R1bC1.1 7Iaz RV- 45.• 0.13 0.00 0.00 0.07 0.01 53.40 •.01
R1bC2IJ1 7Iaz RV- 45.50 0.01 0.01 0.01 0.01 0.00 53.31 •.00
R1bC2112 7Iaz RV- 45.70 0.21 0.00 0.01 0.01 0.00 53.1' •.1"
R1bC31J1 7Iaz RV- 45.10 0.03 0.00 0.02 0.00 0.00 53.1' •.15
R1~1 7Iaz RV- 45.75 0.03 0.02 0.03 0.01 0.00 53.42 • .27
R1bCllJ1 7Iaz RV- 45.40 O.IS 0.00 0.03 0.01 0.03 52.10 •.12
R1bC812 7Iaz l'V- 45.37 1.'1 0.00 0.02 0.02 0.04 52.01 •.1"
R1bC11f1 7Iaz RV- 45.75 0.1. 0.01 0.02 0.02 0.00 53.30 ..35
R1bC131 7Iaz RV- 45.12 O•• 0.00 0.03 0.15 0.00 53.21 • .2"
R1bC12J'2 7Iaz R)'IIe •.01 0.01 0.00 0.02 0.03 0.01 53."1 •.51
R1bC1. 7Iaz R)'IIe 45.57 0.01 0.10 0.02 0.02 0.00 53.37 •.01
R1bC12IM 7Iaz l'V- 45.• O•• 0.00 0.02 0.20 0.01 53.• •.01
~1 ~ Hou..... ••• 0.02 0.00 0.01 0.02 0.01 53.12 ".51
H2C111 ~ HourgIaa 45.51 O•• 0.01 0.03 0.02 0.00 53."1 •.15
H2cec ~ Haurglau 45.37 0.31 0.11 0.01 0.11 0.01 52.58 Il.51
t"t2c::.3 ~ HourgIau 45.• 0.05 0.00 0.03 0.01 0.00 53.30 ".41
H2C1011 ~ Hourglaa 45.13 0.02 0.00 0.01 0.01 0.00 52.13 •.10
H2C1C11l1'2 ~ Hourglae 45.58 1.• 0.00 0.03 0.03 0.00 52.44 •.15

•
140



Microprobe analyse reluits of pyrrhotite• Detec1Ion lnit ln wt16: Fe, 0,06; As, Cu, 0,0.; Co, Ni, S, Zn, 0,02

S!mp!!' Au (ppb) Loc:atian P'..... M""" CoVll5 CuVl8 Ni """ ZnVll5 S1ft8 Total ....

23C1" 1270 ")fie 58.35 0.07 0.00 0.04 0.10 0.00 31.12 17.17

23C2JJ1 1270 ")fie 58.07 0.05 0.00 0.05 0.01 0.03 31.11 17.44

23C311 1270 ")fie 58.17 0.05 0.00 0.04 0.01 0.00 •.10 Il.15

23C411 1270 ")fie SI.42 0.04 0.00 0.01 0.08 0.00 38.31 17.84

3GC31 2340 ")fie SI.41 0.00 0.00 0.12 0.01 0.01 38.23 17.71

21C21J1 101O ")fie 58.12 0.08 0.00 0.01 0.01 0.03 ••12 Il.23

21C31J1 101O ")fie 58.74 0.00 0.00 0.02 0.01 0.03 .... 17.12

21C411 101O ")fie 51,10 0.05 0.00 0.01 0.01 0.00 38.15 17."
141C»1 13000 Big'" SI.32 0.04 0.00 0.03 0.32 0.03 38.53 Il.28

175Ca1 2OCIOCIO ")fie 58.a 0.08 0.G2 0.03 0.15 0.00 38.31 17.58

17SC2G 2OCIOCIO ")fie SI.12 0.05 0.03 0.03 0.15 0.03 38.47 17.87

115e311 2OOGOO R)fIe 58.17 0.02 0.00 0.04 0.11 0.00 31.52 17.57

17SC312 2OOGOO ")fie 34.10 0.03 0.00 0.02 0.01 0.00 0.40 35.27

175C5t1 200000 R)fIe 51.21 0.04 0.01 0.01 0.30 0.03 31.57 Il.24

17SC111 200000 ")fie 58.77 0.05 0.00 0.03 0.28 0.G2 •.02 Il.11

17SC111 200000 R)fIe SI.18 0.04 0.00 0.04 0.21 0.00 31.20 Il.''
c.ccst1 1200 Ryne lO.oe 0.08 0.01 0.01 0.17 0.00 37•• 18.•

R2C1., 200000 Ryne SI.II 0.05 0.00 0.10 0.22 0.01 •.40 Il.•

R2C311 200000 R)fIe ••75 0.05 a.G2 0.13 0.31 0.01 43.72 11.01

R2C111 200000 Ryne 10.17 0.02 0.00 0.02 0.15 0.01 38.15 100.02

128C41 7400 R)fIe 11.47 0.01 0.01 0.00 0.04 0.00 31.34 101.00

128C811 7_ Ryne 11.02 0.01 0.01 0.00 0.13 0.G2 31.04 100.35

R1aC1., 2CIOOOO Ryne 58.57 0.05 0.00 0.02 0." 0.01 31.11 ••35

R1aC1011 200000 R)tIe 10." 0.04 0.11 0.00 0.31 0.01 31.12 100.50

R1bC8t1 2CIOOOO Ryne 10.72 0.01 0.10 0.00 0.01 0.00 31.01 •••
R1bC1a1 2CIOOOO Ryne 10.52 0.05 0.05 0.00 0.07 0.01 31.15 •.83

H2C811 esooa Hourglaa 10.07 0.03 0.03 0.00 0.11 0.01 31.22 •.IS

H2C*2 esooa Hourp. 10.70 0.04 0.04 0.00 0.24 0.00 31.14 100.11

~ esooa Hourglaa 10.12 0.05 0.05 0.00 0.24 0.00 31.23 100.48

023C1.1 1270 R)fIe 51.47 0.03 0.03 0.00 0.01 0.04 31.74 Il.040

023C1C 1270 Ryne 58.45 0.05 0.01 0.00 0.11 0.00 31.211 17.11

023C2I'1 1270 Ryne SI.13 0.01 0.07 0.00 0.01 0.02 31.71 •.11

023C2C 1270 R)fIe SI.11 0.01 0.05 0.00 0.01 0.01 31.33 17.71

023Ca3 1270 R)fIe SI.27 0.04 0.17 0.00 0.01 0.00 31.74 •.31

023C34 1270 Ryne 51.53 0.08 0.05 0.00 0.01 0.00 31.14 •.38

023C2J5 1270 "yne SI.• 0.04 0.03 0.00 0.01 0.01 31.10 •.e7

~ 1270 Ryne SI.23 0.05 0.G2 0.00 0.01 0.01 31.75 •.15

023C3I1 1270 Ryne 51.11 0.04 0.03 0.00 0.01 0.01 31.• •.14

023C3II2 1270 Ryne SI.58 0.01 0.00 0.00 0.11 0.00 31.11 •.57
Q23C411 1270 l'v- IO.SO 0.02 0.01 0.00 0.07 0.01 38.11 •.es
141Cat1 13150 Big'" 10.37 0.05 0.03 0.00 0.34 0.00 31.17 •.77

175Ca1 200000 l'v- 10.03 0,07 0.05 0.03 0.11 0.02 31.10 ".17
17SC2G 200000 Ryne 51.12 0.04 0.04 0.04 0.17 0.01 31.• •.11

17SC33 200000 Ryne SI.• 0.03 0.07 0.03 0.17 0.00 31.• 18.84

17SC284 200000 R)fIe SI.17 0.04 0.05 0.00 0.11 0.00 31.13 IS.•

1~1 200000 Ryne SI.• 0.05 0.G2 0.00 0.41 0.00 31.12 88.84

175C5t1 200000 Ryne 10.21 0.03 0.07 0.02 0.33 0.00 31.18 •.13
17SCSC 200000 "wne 10.33 0.01 0.05 0.00 0.31 0.00 31.24 •.15
17SC5a 200000 Ryne 10.22 0.05 0.05 0.00 0.33 0.00 31.15 •.11

115CS1M 2OOGOO l'v- 10.41 0.05 0.05 0.01 0.25 0.02 31.11 •.11
nsca1 2OOGOO Ryne 11.07 0.03 0.07 0.00 0.30 0.01 31.32 100.81

• 1'7SC:1M2 200000 Ryne SI.• 0.05 0.03 0.00 0.30 0.00 31.• ..53
1~ 200000 Ryne 51.• 0.08 0.G2 0.00 0.25 0.00 31.81 •.83
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SImple- Au(ppb) LacIIIIIan fI_'" Aa'" Co'" eu...
Ni """ Zn'" S... TaIIII ....• 1~ 2DODGD "v- SI•• 0.04 0.02 0.01 0.25 0.00 31.17 •••

17SC111 2OOOGO "V- SI.711 0.04 0.04 0.00 0.17 0.02 31.12 •••
175C1a 2OOCIGO "V- 10.71 0.07 0.01 O.DO 0.30 0.02 31.01 100.21
17SC113 2OOOGO "V- 58.10 0.04 0.01 O.DO 0.24 0.00 31.51 ....

•
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Mic:roprabe -.lyse resUtl of other aMides

• Sphlllerite
9f'Sipn gros ind' zn 9'" f. 0 'Ii Ni 901' Mn S 9 pa

s-n•• Auept!) LoaIIan znwN FewS NlwS ..,wS s ..... ToIIIIwN

023C3W1 1270 R)1M 51.S5 7.28 0.01 a.DG 31.71 IS.SI
1"S(2I1 13750 BIge.. 51.10 7.82 0.01 0.01 32.53 81.17
14SC2C 13750 BIge.. 51.34 7.57 0.01 0.00 32.73 n ••
148C213 13750 BIge.. 51.35 7.88 0.01 0.01 32..... n.41

ChIlIcopyrite
D!t!dion "roi in !'nl" Cu 9 Q4' fI 0 q;. AI 9œ· Ni 001' S 0 œ

s.m•• Auepp!!) LoaIIan CUwN FewS As ..... NlwN s ..... ToIIIIwN

172AC1.1 250DG H..... 33.7S 30.13 O.OS 0.02 34.13 19.71
22c.1 8010 R)1M 33.17 3D.1D 0.07 0.04 34.30 18.11
23C1.1 1270 R)1M 0.03 51.05 0.01 0.13 31.32 18.151
23C31 1270 R)1M 33.12 30.17 0.03 a.02 34.31 18.52
23CU1 127a R)1M 34.05 30.• 0.03 0.01 3".72 n.48
3DCa1 2340 Ryne 34.'" 3D.52 0.03 0.01 34.12 n.ls
1"SC1.1 13750 BIge.. 33.72 30.11 0.01 O.c.J 34.64 81.36
175C31 ooסס20 Ryne 34.1a 30.53 0.04 0.01 34.48 81.15
175CY1 2000aa Ryne 34.37 3D.a5 0.04 0.00 34."3 81.68
176tw1 ..5000 H.......... 33.7" 31."1 0.07 0.01 34.53 Il.&4

Arsenopyrite
Ottection !imt in y.t%. Fe Cu 9 (l5' AI 007' Ni Co S Mn 002' Zn 0 œ

Sam•• Au (ppb) Lac:dan FewN AswS CU-S NI ..... zn ..... MnwN CowN S ..... T_wN

23C1.1 1270 Ryne 3!U2 "3.13 0.02 0.01 0.00 a.a1 0.00 21.32 1aO.11
23C1~ 1270 Ryne 34.21 .....57 0.00 0.04 0.00 a.DO 0.69 20.43 il.14
23ca1 1270 Ryne 35.0a "3.41 0.02 0.01 0.02 a.DO 0.01 21.13 99.76
23C2n 1270 R)1M 35.02 "3.a3 0.02 0.02 0.03 0.00 0.00 21.31 99."2
23c.1 1270 R)1M 35.11 ..3.21 0.02 0.02 0.00 0.00 0.00 21.1" 519.67
3aC1.1 23..0 R)1M 27.4' ..a.10 O.DG 0.22 0.00 0.0' 6.78 18.52 101.04
H2CU1 65000 Hourglae 35.52 "3.03 0.00 0.13 0.03 0.00 0.01 21.53 1aO.26
H2C1.' 65000 Hourglae 35.16 42.79 0.01 0.23 0.00 0.00 0.00 21.18 99.38
D23ca1 1270 R)1M 3".85 42...2 0.06 0.03 0.02 0.01 0.06 21.59 99.04
023C32 1270 R)1M 34.68 "1.11 0.03 0.02 O.DO O.DO 0.00 21.&4 98.18
D23C213 1270 R)1M 35.09 "2.72 0.Q2 0.02 0.00 0.01 0.00 21.31 91.17
D23ca4 1270 Ryne 35.07 "2.14 0.01 0.02 0.00 D.DO 0.00 21.28 99.03

•
143



Microprobe analyse results of carbonate minerais• Detection limit in wt%: c.o, MnQ, 0.03; l'pO, 0.02; FeO, 0.04; SrO, 0.05

SIImpie' Au (ppb) locItian c.o~ MgO~ Feo~ "nOYA" SrO~ C02YA" TotaI~

066C2A1<W1 1200 Ryne 28.13 12.92 13.38 0.46 0.010 45.12 100.0

066C2A1<W2 1200 Ryne 28.35 13.62 12.61 0.419 0.004 44.92 100.0
066C2AQ3 1200 Ryne 28.54 13.54 12.87 0.52 0.000 44.54 100.0

066C7C81J1 1200 Ryne 28.52 13.72 13.22 0.419 0.000 44.05 100.0

066C7CM2 1200 Ryne 28.93 13.32 12.82 0.39 0.025 44.52 100.0

066C8C8I'1 1200 Ryne 28.27 13.55 13.43 0.32 0.047 44.38 100.0

066C8CM2 1200 Ryne 28.37 13.21 13.81 0.35 0.051 .....20 100.0

066C8CM3 1200 Ryne 28.09 12.66 14.33 0.36 0.107 44.45 100.0

066C12CBtl1 1200 Ryne 28.03 12.14 14.81 0.35 0.183 44.48 100.0

066C12CBt12 1200 Ryne 28.11 12.23 14.60 0.36 0.189 44.51 100.0

003C1CM1 85 Ryne 53.93 0.34 0.94 0.22 0.000 44.57 100.0

003C2CM1 85 R)'M 52.83 0.32 1.02 0.20 0.000 45.62 100.0

003C2C8IJ2 85 R)'M 53.42 0.58 0.33 0.24 0.000 45.43 100.0

003C4CM1 85 R)'M 56.53 0.26 0.12 0.23 0.000 42.87 100.0

003C4CM2 85 R)'M 53.69 0.36 0.24 0.26 0.000 45.45 100.0

003C5CM1 85 R)'M 53.02 0.03 0.88 0.66 0.000 45.41 100.0

003CSCM2 85 R)'M 53.45 0.04 0.59 0.66 0.000 45.26 100.0

003C5CM3 85 R)'M 53.08 0.48 1.53 0.17 0.000 44.74 100.0

003C5CSfM 85 R)'M 54.26 0.20 0.61 0.16 0.000 44.78 100.0

003C6CM1 85 Ryne 53.42 0.12 0.58 0.30 0.000 45.57 100.0

003C7CM1 85 R)'M 54.32 0.39 0.45 0.30 0.000 44.54 100.0

003C7CM2 85 Ryne 54.02 0.39 0.41 0.25 0.000 44.94 100.0

003C1OCBtl1 85 Ryne 54.42 0.12 o.n 0.65 0.000 44.06 100.0

R1.C4CM1 200000 Ryne 29.31 12.93 12.67 0.74 0.000 44.35 100.0

R1.C4CM2 200000 Ryne 29.19 12.73 12.89 0.68 0.000 44.51 100.0

R1.C6CM1 200000 Ryne 28.47 11.60 14.60 0.73 0.000 44.60 100.0

R1.C7CM1 200000 Ryne 27.87 11.00 16.55 0.57 0.000 44.02 100.0

R1.C1OCBtl1 200000 R)'M 52.83 0.13 0.59 0.33 0.000 46.13 100.0

R1.C11CBtl1 200000 Ryne 27.76 11.81 15.71 0.64 0.000 44.08 100.0

R1.C12CBtl1 200000 R)'M 28.39 11.87 14.59 0.84 0.000 44.30 100.0

R1.C12CBt12 200000 Ryne 28.49 11.98 14.56 0.68 0.000 44.30 100.0

R1.C12CB*3 200000 Ryne 28.57 12.37 12.98 1.08 0.000 45.01 100.0

R1.C13CBtl1 200000 Ryne 30.91 17.84 2.79 0.84 0.000 47.62 100.0

R1.C13CBt12 200000 Ryne 30.35 12.85 9.85 1.91 0.000 45.04 100.0

R1.C13CM3 200000 Ryne 30.27 18.16 2.98 0.95 0.000 47.63 100.0

R1.C13CSt14 200000 R)'M 53.27 0.13 0.44 0.21 0.000 45.95 100.0

R1.C13C8t15 200000 Ryne 53.20 0.11 0.43 0.24 0.000 46.02 100.0

R1bC2C8IJ1 200000 Ryne 29.24 18.26 3.27 1.08 0.000 48.14 100.0

R1bC3CM1 200000 Ryne 29.62 18.55 3.57 1.01 0.000 47.25 100.0

R1bC3CM2 200000 Ryne 48.45 2.78 2.93 0.91 0.000 44.93 100.0

R1bC7CM1 200000 Ryne 27.79 11.82 15.64 0.59 0.010 44.15 100.0

R1bC7CM2 200000 Ryne 27.80 11.83 15.33 0.60 0.000 44.45 100.0

126C1CM1 7400 Ryne 29.12 13.14 11.34 1.63 0.000 44.76 100.0

126C1CBt12 7400 Ryne 28.13 13.07 11.22 1.76 0.000 45.23 100.0

126C1C8IlI3 7400 Ryne 29.03 13.38 10.35 1.96 0.000 45.28 100.0

126C2CM1 7400 R)'M 28.12 13.64 11.24 1.37 0.000 45.62 100.0

R2C2CBtl1 200000 Ryne 29.06 19.18 4.27 0.59 0.029 46.87 100.0• R2C7CBt11 200000 Ryne 28.54 11.48 15.60 0.56 0.025 43.80 100.0
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s.rnpe- Au (ppb) LOCItian c.oM16 MgOM4J6 Feo~ MnOYtt16 SrOM4J6 C02~ TCàI WlIt4J6

• R2C7CM2 200000 R)'M 28.7" 11.29 15.49 0.59 0.107 43.78 100.0

R2C7cear3 200000 Ryne 28.56 10.88 16.02 0.54 0.018 43.99 100.0

R3C1CM1 200000 R)'M 28.63 10.86 15.75 0.51 0.019 .....23 100.0

R3C1CEW2 200000 R)'M 28.46 10.57 16.56 0.59 0.017 43.80 100.0

R3C1C81J3 200000 Ryne 28.43 10.78 16.33 0.56 0.034 43.87 100.0

R3C1CBN 200000 Ryne 27.77 10.25 16.87 0.60 0.019 .....49 100.0

R3C1CM5 200000 Ryne 27.89 10.26 16.78 0.55 0.000 .....52 100.0

R3C2CM1 200000 Ryne 28.17 11.56 15."2 0.57 0.013 .....27 100.0

R3C2CB12 200000 Ryne 28.37 11.43 15."" 0.72 0.011 .....04 100.0

R3C3CEW1 200000 Ryne 54.31 1.50 0.30 0.02 0.000 43.87 100.0

R3C3C812 200000 R)'M 52.18 1.52 0.40 0.01 0.000 45.89 100.0

R3C8CEW't 200000 Ryne 28.29 11.18 15.68 0.58 0.021 .....25 100.0

R3C8CB12 200000 R)'M 28.37 11.34 15.70 0.54 0.000 .....06 100.0
R3C8C813 200000 Ryne 28.43 11."1 15.38 0.62 0.000 .....15 100.0

H2C4C8IJ1 69000 Hourgtaa 50.64 1.13 1.86 0.48 0.000 45.90 100.0
009C1C81J1 815 Ryne 53.09 0.51 1.59 1.00 0.000 43.81 100.0
009C1CM2 815 Ryne 52.70 0.32 1.35 0.96 0.000 .....66 100.0

009C2CEW1 815 Ryne 53.54 0.16 0.64 0.84 0.000 .....83 100.0

OO9C3C8IJ1 815 Ryne 52.42 0.32 1.42 0.99 0.000 44.86 100.0
009C4CEW't 815 R)'M 52.70 0.36 1.25 0.95 0.000 .....73 100.0
009C5CM1 815 Ryne 52.63 0.39 1.49 1.03 0.000 .......7 100.0
OO9C6C8IJ1 815 Ryne 54.01 0.35 0.97 1.17 0.000 43.51 100.0
009C7C8IJ1 815 Ryne 52.46 0.34 1.43 1.06 0.000 .....71 100.0
009C8CM1 815 Ryne 51.92 0.50 1.72 1.02 0.000 .....83 100.0
009C9CM1 815 Ryne 52.30 0.52 1.80 1.06 0.000 .....32 100.0
009C1OC8IJ1 815 Ryne 52.27 0.54 1.79 1.09 0.000 44.32 100.0
009C11Ca.1 815 Ryne 53.2" O..... 1.17 1.19 0.000 43.97 100.0
009C12Ca.1 815 Ryne 51...7 0.53 2.20 1.17 0.000 44.63 100.0
009C12CB12 815 Ryne 51.52 0.70 2.21 1.02 0.000 .....55 100.0
009C12C813 815 Ryne 53.23 0.62 1.77 1.12 0.000 43.26 100.0
009C12CM4 815 Ryne 52.65 0.64 1.99 1.16 0.000 43.57 100.0
009C13C8IJ1 815 Ryne 49.49 0.89 4.02 0.65 0.072 44.88 100.0
013C1CM1 4 Ryne 54.75 0.35 0.28 0.48 0.000 44.14 100.0
013C1CB12 4 Ryne 53.57 O..... 1.06 0.34 0.000 44.60 100.0
013C2CM1 4 Ryne 54.54 0.07 0.29 0."2 0.000 .....68 100.0
013C3Ca.1 4 Ryne 54.66 0.08 0.31 0.33 0.000 44.62 100.0
013C4C81J1 4 Ryne 55.28 0.22 0.35 O..... 0.000 43.70 100.0
013C5CM1 4 R)'M 54.79 0.27 0.30 0."1 0.000 .....24 100.0
013C5CB12 4 Ryne 53.06 0.45 1.20 0.25 0.000 45.06 100.0
013C6CM1 4 Ryne 54.02 0.40 1.14 0.37 0.000 44.08 100.0
013C7CM1 .. Ryne 55.34 0.19 0.24 0.50 0.000 43.73 100.0
013C8C8IJ1 .. Ryne 53.02 0.57 1.76 0.29 0.000 44.36 100.0
013C9CM1 .. Ryne 53.51 0.30 1.10 0.25 0.000 44.85 100.0
013C1OCa.1 4 Ryne 54.47 0.15 0.51 0.45 0.000 44."2 100.0
013C11Ca.1 4 Ryne 54.92 0.45 0.43 0.62 0.000 43.59 100.0
013C12C8IJ1 4 R)'M 53.66 0."5 0.55 0.53 0.000 44.82 100.0
013C12CB12 4 Ryne 52.13 0.58 1.75 0.26 0.000 45.29 100.0
011C1CM1 140 Ryne 50.85 0.51 2...2 1.43 0.000 .....80 100.0
011C1CB12 140 Ryne 50.47 0.58 2.72 1.51 0.000 44.71 100.0
011C2CM1 140 Ryne 50.00 0.58 2.90 1.55 0.000 44.96 100.0

• 011C3CM1 140 Ryne 49.20 0.97 3.14 2.13 0.000 44.56 100.0
011C4CEW't 140 Ryne 50.61 0.54 2.60 1.58 0.000 44.68 100.0
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s.mp. • AAJ (_) ux.üon c.owt4Mt MgOwt4Mt F.o~ MnO~ SrO~ C02wt4Mt TCUI~

• 011C5CB1t1 140 R)ftt 50.97 o.a 2.~ 1.55 0.000 "".54 100.0

011C6C8It1 140 R)ftt 53.a 0.21 0.93 1.35 0.000 "".04 100.0

011C7C1W1 140 R)ftt 52.25 0.19 0.92 1.32 0.000 45.32 100.0

011C8CEWI 140 R)ftt 50.43 0.52 2.66 1.61 0.000 "".77 100.0

005C1CM1 6 R)ftt 54.98 0.03 0.06 0.26 0.000 "".69 100.0

005C2CIWf 6 Ryne 53.20 0.49 1.:W 0.53 0.000 "".45 100.0

005C3C8I1 6 R)ftt 53.18 0.40 1.02 O."" 0.000 "".95 100.0

005C3C8I2 6 R)ftt 55.05 0.05 0.18 0.20 0.000 "".53 100.0
OC)5C4C1W1 6 R)ftt 52.80 0.53 1.21 0.50 0.000 "".96 100.0

OO5C5CBI1 6 R)ftt 52.95 0.55 1.29 O." 0.000 "".76 100.0

005C6CIWI 6 R)ftt St.82 0.47 1.17 0.48 0.000 43.06 100.0

005C7CB11 6 Ryne 55.60 0.05 0.08 0.31 0.000 43.97 100.0

005C7C81J2 6 Ryne 55.32 0.03 0.06 0.32 0.000 "".28 100.0

005C7CB13 6 R)ftt 53.52 0.45 1.01 0.51 0.000 "".52 100.0

005C7CBIM 6 Ryne St.oo O.:W 0.74 0.42 0.000 "".51 100.0
021C1C811 8090 Ryne 28.20 9.66 17.98 0.47 0.1. 43.St 100.0
021C2C81t1 8090 Ryne 51.04 0.51 1.67 2.02 0.000 "".75 100.0
021C2C81J2 8090 Ryne 28.18 13.36 13.00 0.43 0.000 45.04 100.0
021C3CBt1 8090 Ryne 28.35 9.47 18.52 0.51 0.140 43.01 100.0
021C4C8IJ1 8090 R)ftt 54.57 0.11 0.52 0.61 0.000 "".12 100.0
021C5C8IJ1 8090 Ryne 53.43 0.15 0.7" 0.19 0.000 45.50 100.0
021C6C81J1 8090 Ryne 29.15 8.95 18.23 0.67 0.000 43.01 100.0
021C6C81J2 8090 Ryne 28.47 9.43 18.28 0.70 0.000 43.12 100.0
021C6CB13 8090 Ryne 28.55 9.09 18."1 0.16 0.000 43.19 100.0
021C6CBIM 8090 Ryne 28.11 8.09 20.25 1.03 0.000 42.52 100.0
021C1C8IJ1 8090 Ryne 53.90 0.09 0.35 1.45 0.000 "".21 100.0
090C1C81J1 480 Ryne 28.72 13.19 13.02 0.29 0.231 .....55 100.0
090C1Ca.2 480 Ryne 28.57 15.79 8.61 1.15 0.000 45.88 100.0
090C2C8IJ1 480 Ryne 28.69 13.36 13.57 0.31 0.108 43.96 100.0
O9OC3C8IJ1 480 R)'M 28.26 13.61 13.15 0.46 0.000 "".St 100.0
090C4C8IJ1 480 Ryne 28.56 13.10 13.08 0.29 0.071 "".30 100.0
O9OC5C8IJ1 480 Ryne 28.34 12.61 '''.49 0.21 0.097 .....21 100.0
O9OC6C8IJ1 480 Ryne 29.07 13.61 11.99 0.59 0.000 .....1.. 100.0
024C1C8IJ1 1320 Ryne 28.38 12.:W 1".85 0.55 0.017 43.81 100.0
024C2C8IJ1 1320 Ryne 28.57 12.96 13.28 0.62 0.000 .....57 100.0
024C3C8Il1 1320 Ryne 28.25 12.02 14.84 0.58 0.051 44.26 100.0
02..C4C8IJ1 1320 Ryne 28.45 12.05 14.38 0.60 0.019 .....49 100.0
02..C5C8IJ1 1320 Ryne 55.04 0.05 0.26 0.18 0.000 .....a 100.0
02..C6C8IJ1 1320 Ryne 28.45 10.86 15.79 0.54 0.162 .....21 100.0
018C1C81J1 60 Ryne 53.30 0.81 2.18 0.26 0.000 43.39 100.0
018C2CB1t1 60 Ryne St.16 O..... o.n 0.73 0.000 43.91 100.0
018C3C8IJ1 60 Ryne 54.7" 0.40 0."1 0.31 0.000 44.15 100.0
018C4C81J1 60 Ryne 53.63 0.28 0.75 0.55 0.000 44.19 100.0
018C5C81l1 60 Ryne 54.22 0.01 o.n 0.37 0.000 .....57 100.0
018C6CM1 60 Ryne 54.33 0.09 0.70 0.40 0.000 .....49 100.0
018C7CM1 60 Ryne 55.10 0.07 0.71 0.39 0.000 43.73 100.0
018C8C8IJ1 60 Ryne 50.40 0.28 0.73 0.43 0.000 a.16 100.0
018C9C8IJ1 60 Ryne 54.77 0.28 0.71 0.19 0.000 "".05 100.0
018C1OCM1 60 Ryne 52.66 1.05 1.23 0.61 0.000 .....46 100.0
026C1C81J1 800 Ryne 27.84 10.54 16.73 1.00 0.000 43.90 100.0

• 026C2C8IJ1 800 Ryne 28.34 10.70 16.59 0.83 0.066 43.49 100.0
026C3CM1 800 Ryne 28.31 8.97 17.92 1.68 0.019 43.10 100.0
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s.mpe • Au (1lPb) l.acItian CIlOwt16 MgO~ Feo~ linO.,. SrO~ C02~ Tcùlwte4

• 026C4CIW1 800 Ryne 28.72 10.86 15.47 1.09 0.000 .c3.86 100.0

026C5CIW1 800 Ryne 28.02 10.56 16.6' 1.02 0.056 .c3.70 100.0

rJ26C6CM1 800 Ryne 28.95 9.41 16.72 1.19 0.037 .c3.70 100.0

026C7C1W1 800 Ryne 28.86 10.98 15.31 0.93 0.000 .c3.93 100.0
026C8C8I1 800 R)'M 27.74 10.36 17.01 1.37 0.000 .c3.52 100.0

026C9C8WI 800 Ryne 28.04 10.39 16.44 1.14 0.000 .c3.99 100.0

026C10ClW1 800 Ryne 27.52 7.77 19.70 1.63 0.027 .c3.36 100.0

081C1CIW1 2530 HaurgIaA 27.94 8.92 18.78 0.76 0.000 .c3.61 100.0
081C2CM1 2530 HaurgIaA 28.43 9.65 18.16 0.64 0.097 .c3.03 100.0

081C2CM2 2530 Hourglau 28.25 10.11 17.73 0.55 0.002 .c3.36 100.0
08,C3C., 2530 HourgIau 27.89 10.02 18.40 0.59 0.010 .c3.10 100.0
081C«:., 2530 HaurgIaA 28.89 9.46 17.89 0.72 0.000 .c3.05 100.0
08,CSC., 2530 HaurgIaA 28.56 9.69 18.30 0.59 0.077 42.79 100.0

081C5CS12 2530 Hourglua 28.10 8.30 20.34 0.58 0.009 42.67 100.0

081C5CM3 2530 HaurgIaA 28.24 10.88 16.93 0.45 0.079 .c3.42 100.0
081C5CM4 2530 HourgIeA 28.39 12.47 14.30 0.57 0.178 44.10 100.0
081C5C815 2530 HaurgIaA 28.70 9.92 17.73 0.51 0.054 .c3.09 100.0
081C6CfW1 2530 HourgIa.. 28.04 9.83 18.32 0.55 0.013 .c3.25 100.0
081C7CEW1 2530 Hourglna 54.85 0.09 0.06 0.18 0.000 44.83 100.0
08,CSC., 2530 Hourglau 28.54 8.54 19.32 0.75 0.000 42.85 100.0
081C9C.1 2530 HaurgIaA 28.52 7.29 21.26 0.59 0.019 42.31 100.0
081C1OCM1 2530 Hourglas 28.51 9.56 17.96 0.84 0.000 .c3.13 100.0
081C11CM1 2530 Hourglas 28.01 9.84 18.24 0.71 0.000 .c3.20 100.0
022C1C1W1 8CI9O Ryne 28.46 12.00 14.88 0.49 0.048 44.12 100.0
022C2CEW1 8090 Ryne 28.31 12.65 14.06 0.56 0.096 44.33 100.0
022C3CEW1 8090 R)'M 28.61 11.37 15.29 0.57 0.060 44.10 100.0
022C4C.1 8090 R)'M 28.33 11.54 15.50 0.50 0.057 44.06 100.0
022C5CEW1 8090 R)'M 28.41 11.14 15.91 0.49 0.000 .c3.98 100.0
022C6C., 8090 Ryne 28.36 11.89 15.17 0.63 0.025 .c3.93 100.0
022C1C., 8090 Ryne 28.26 12.03 14.61 0.55 0.041 44.51 100.0
023C1C.1 1270 R)'M 27.92 10.55 17.09 1.16 0.047 43.24 100.0
023C2CEW1 1270 Ryne 28.38 11.57 15.23 0.82 0.076 43.91 100.0
023C3CEW1 1270 Ryne 28.13 10.47 16.81 1.43 0.038 43.11 100.0
023C4C., 1270 Ryne 28.16 11.33 15.39 0.79 0.080 44.25 100.0023C5C., 1270 Ryne 27.80 8.98 18.96 1.16 0.044 43.07 100.0
023C6CBil1 1270 Ryne 28.49 9.32 17.96 0.92 0.000 .c3.32 100.0
127C1CBi11 4 Ryne 52.97 0.23 0.85 1.24 0.000 44.71 100.0
127C2CBiI1 4 Ryne 52.21 0.32 1.88 1.77 0.000 .c3.83 100.0
127C3CM1 .. Ryne 52.89 0.15 1.03 1.13 0.000 44.80 100.0
127~C8t1 4 Ryne 54.87 0.55 0.29 0.95 0.000 .c3.34 100.0
127C5CBi11 4 Ryne 51.65 0.27 1.49 1.57 0.000 45.03 100.0
127C6CM1 .. Ryne 50.26 0.36 2.24 1.86 0.000 45.28 100.0
127C7C., 4 Ryne 54.25 0.14 0.48 1.52 0.000 .c3.61 100.0
121C8CM1 .. Ryne 53.76 0.34 0.47 1..c3 0.000 43.99 100.0
127C9CEW1 4 Ryne 50.29 0.23 2.10 2.85 0.016 44.52 100.0
127C1oeB1'1 4 Ryne 53.22 0.17 1.01 1.21 0.000 44.39 100.0
127C10CB12 .. R)'M 52.76 0.19 1.18 1.35 0.000 44.52 100.0
127C1ClCM3 4 Ryne 54.26 0.05 0.30 0.81 0.000 44.60 100.0
127C10CM4 4 R)'M 52.15 0.21 1.41 1..c3 0.000 44.80 100.0
128C1CBi11 5 Ryne 53.72 0.29 1.05 0.58 0.000 44.36 100.0

• 128C2CM1 5 Ryne 52.86 0.13 0.96 1.18 0.000 44.89 100.0
128C3CM1 5 Ryne 54.08 0.23 0.83 0.54 0.000 44.31 100.0

147



s.rnpe • Au (ppb) LacItian c.o~ Mg9'At16 FeoM16 MnO~ SrO~ C02~ TaIaIVtt16

• 1~CEW1 5 ~ 53.~ 0.34 1.26 0.67 0.000 44.69 100.0

12SC!5CM1 5 Ryne ~.71 0.18 0.77 0.92 0.000 43.42 100.0

128C6CB11 5 Ryne 53.00 0.29 1.32 0.64 0.000 44.75 100.0

128C7CEW1 5 Ryne 52.33 O.G 1.10 1.29 0.000 44.80 100.0

128C7CB12 5 Ryne 53.85 0.20 0.85 o.~ 0.000 44.55 100.0

128C7C813 5 ~ 53.42 0.21 0.97 0.54 0.000 44.85 100.0

128C8CEW1 5 R)'M 52.75 0.34 1.30 0.87 0.000 44.75 100.0

128C8CM2 5 ~ 54.26 0.12 0.40 0.54 0.000 44.68 100.0

128C8CM3 5 Ryne 56.88 0.06 0.23 0..-3 0.000 42.60 100.0

128C8C8N 5 Ryne 54.44 0.21 0.93 0.51 0.000 43.92 100.0

138SC1CM1 12960 Ryne 29.23 15.97 7.60 1.05 0.000 .es.14 100.0

1388C2CB11 12960 Ryne 28.14 12.75 13.81 0.53 0.092 44.68 100.0

138BC3CEW1 12960 R)'M 28.78 12.73 14.03 0.28 0.000 44.18 100.0

138SC3CBr2 12960 Ryne 28.68 12.69 13.95 0.25 0.000 44.43 100.0

138BC3CEW3 12980 Ryne 28.56 13.06 13.66 0.31 0.010 .....40 100.0

138BC3C8M 12960 Ryne 28.39 12.52 14.27 0.24 o.~ 44.54 100.0

138BC3C8l15 12960 Ryne 28.62 13.78 12.16 0.44 0.022 44.98 100.0

138BC4C8If1 12960 Ryne 28.61 12.90 13.32 0.45 0.129 44.59 100.0

138BC5C8If1 12960 Ryne 28.64 13.43 12.81 0.45 0.111 44.57 100.0

138BC6C8If1 12960 Ryne 28.60 13.74 12.22 0.40 0.078 44.96 100.0

138BC7CM1 12960 Ryne 28.72 14.04 12.02 0.38 0.012 44.83 100.0

138BC7CBr2 12960 Ryne 28.86 13.33 13.05 0.43 0.031 44.30 100.0

138BC7C81f3 12960 Ryne 28.89 11.79 14.75 0.50 0.031 44.05 100.0

138BC7C81f4 12960 Ryne 28.84 13.98 11.90 0.37 0.005 44.91 100.0

154C1CM1 51_ HougIMa 28.39 10.20 17.41 0.36 0.080 43.55 100.0

154C2CEW1 51_ HougIMa 29.37 14.41 10.32 0.62 0.000 45.29 100.0

154C2CEW2 51450 HougIaa 29.17 14.01 10.85 0.58 0.000 45.39 100.0

154C2CEW3 51450 HougIMa 27.78 9.44 18.67 0.41 0.010 43.68 100.0

154C2CEW4 51450 Hauglau 28.38 10.34 16.64 0.39 0.000 44.26 100.0

154C3CM1 51450 HougIMa 28.29 11.17 16.01 0.38 o.~ .....12 100.0

154C4CM1 51450 HougIMa 28.66 11.00 15.75 0.44 0.000 44.15 100.0

154C5CEW1 51450 HougIMa 28.24 11.47 15.99 0.33 0.030 43.93 100.0

154C6CEW1 51450 HougIMa 28.~ 10.19 17.15 0.37 0.060 44.18 100.0

154C6CEW2 51450 HougIMa 28.40 10.04 17.67 0.42 0.030 43..... 100.0

154C6CEW3 51450 HougIMa 28.15 10.62 16.94 0.37 0.020 43.90 100.0

154C6CEW4 51450 HougIMa 28.23 12.57 13.99 0.37 0.089 44.75 100.0

154C6CEWS 51450 HougIMa 28.G 9.79 18.04 0.41 0.064 43.20 100.0

154C6CB16 51450 HougIMa 28.40 9.66 17.33 0.42 0.000 44.19 100.0

154C6CEW7 51450 HougIMa 28.26 9.50 17.94 0.39 0.010 43.90 100.0

154C6CEWe 51450 HougIMa 28.45 10.04 17.55 O..... 0.086 43.43 100.0

154C7CEW1 51450 HougIMa 28.29 9.74 18.04 0.41 0.118 43.40 100.0

154C8CEW1 51450 HougIIiu 29.12 11.86 14.14 0.47 0.211 .....21 100.0

154C9CEW1 51450 HougIMa 28.39 10.38 17.21 0.46 0.055 43.51 100.0

154C1OCM1 51450 HougIMa 28.47 11.59 15.32 0.37 0.000 .....25 100.0

165C1CEIff1 32 HougIMa 27.76 9.58 18.96 0.50 0.031 43.17 100.0

165C1CEW2 32 HougIMa 53.85 0.29 0.83 0.31 0.000 .....72 100.0

165C2CEW1 32 HougIMa 28.14 9.~ 19.42 0.33 0.108 42.96 100.0

165C2CEW2 32 HougIMa 27.86 9.98 18.33 0.42 0.000 43.42 100.0

165C3CEW1 32 HougIMa 28.86 10.85 15.86 0.65 0.000 43.79 100.0

165C3CEW2 32 Hauglau 28.14 8.65 20.37 0.45 0.000 42.40 100.0

• 165C3CM3 32 HougIau 28.39 12.52 13.29 1.38 0.000 44.42 100.0

165C3CEW4 32 HougIaa 28.37 11.07 15.32 0.91 0.000 44.33 100.0
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5ampIefl Au (ppb) LOCIIIon c.o~ MgO~ FeOM4J6 MnO~ sro~ C02~ TcUI~

• 165C3CM 32 ~ 21.86 8.93 19.12 0.•' 0.001 .c3.01 100.0

165C4C8I1 32 HougIeu 27.96 9.26 19.15 0..-5 0.000 .c3.18 100.0

165C5C8I1 32 ~ 21.91 8.98 19.419 0.57 O.OOC 43.05 100.0

165C6CS1J1 32 HougIeu 28.2" 9.21 18.86 0.54 0.012 43.15 100.0

165C6CM2 32 HougIeu 28.21 9.92 17.64 O..... 0.000 .c3.79 100.0

165C.6CM3 32 HougIeu 28.1. 10.68 15.SM 0.54 0.000 .....70 100.0

165C1CBfl1 32 HougIeu 28.95 9.09 18.07 0.410 0.000 43.50 100.0

165C7C812 32 HougIeu 29.08 9.33 18.05 0.50 0.000 43.04 100.0

165C7CM3 32 HougIeu 28.96 9.87 16.70 0.81 0.000 43.65 100.0

172AC1CBf11 52500 HougIeu 21.94 9.80 17.88 0.38 0.018 .c3.99 100.0

172AC2CBfI1 52500 HougIna 28.20 10.97 11.2. 0.3.- 0.098 43.15 100.0

172AC2CB1J2 52500 HougIaa 28.38 11.70 15.84 0.28 0.002 43.79 100.0

172AC3CBfl1 52500 HougIaa 28.94 10.06 17.35 0.•' 0.084 43.17 100.0

172AC4CBfl1 52500 HougIaa 28.73 10.58 16.97 0.48 0.000 43.2. 100.0

172AC4CBf12 52500 HougIaa 28.20 11.05 16.40 0.33 0.158 43.87 100.0

172AC4CBf13 52500 HougIaa 28.40 12.56 1•.1. 0.410 0.208 .....29 100.0

172AC4CM4 52500 HougIeu 28.22 10.53 16.87 0.39 0.105 43.89 100.0

172AC4CBlI5 52500 HougIeu 28.36 10.96 16.68 0.31 0.103 43.54 100.0

172AC4C816 52500 HougIeu 28.39 11.98 15.38 0.40 0.143 43.71 100.0

172AC4CBfl7 52500 HougIeu 28.60 10.60 16.60 0..-5 0.000 43.75 100.0

172AC4CB18 52500 HougIeu 28.57 11.93 15.36 0.35 0.1'. .c3.68 100.0

172AC4CB19 52500 HougIeu 28.36 11.1. 16.23 0.39 0.122 43.76 100.0

172AC4CBf110 52500 HougIaa 28.~ 12.88 13.57 0.•' 0.212 .....44 100.0

172AC4CBf111 52500 HougIeu 28.33 11.30 16.25 0.36 0.123 43.65 100.0

172AC4CBfI12 52500 HougIeu 28.09 9.27 19.10 0.3.- 0.064 43.15 100.0

172AC4CBfI13 52500 HougIaa 28.34 9.71 18.55 0.31 0.060 43.02 100.0

172AC4CBfl14 52500 HougIeu 28.67 11.71 15.27 0.40 0.159 43.79 100.0

172AC4CBf115 52500 HougIaa 28.26 11.37 15.50 0.39 0.066 .......2 100.0

172AC4CBfl16 52500 HougIaa 28.59 12.92 13.65 0."2 0.175 .....24 100.0

172AC4CBf117 52500 HougIna 28.51 12.60 '''.20 0.'" 0.120 .....17 100.0

172AC4CBf118 52500 HauglMa 28.49 11.26 16.56 0.32 0.169 43.20 100.0

172AC4CBf119 52500 HougIna 28.56 11.410 16.25 0.36 0.097 43.34 100.0

172AC4C812O 52500 HougIaa 28.78 12.02 15.10 0.48 0.036 43.58 100.0

172AC4CBfI21 52500 HougIMa 28.53 12.66 13.70 0.43 0.000 44.68 100.0

172ACSCBfl1 52500 HougIeu 54.55 0.09 0.73 0.26 0.000 .....37 100.0

172AC6CBfI1 52500 HougIMa 28.27 10.53 16.83 0.45 0.000 43.93 100.0

172AC6CB12 52500 HougIeu 28.01 10.61 16.78 0..-5 0.000 "".15 100.0

172Acecu3 52500 HougIeu 54.82 0.04 O..... 0.19 0.000 "".51 100.0

172AC6CBf14 52500 HougIeu 54.15 0.13 0.'" 0.35 0.000 .....96 100.0

175C1C!W1 200000 Ryne 29.55 '''.01 10.27 1.10 0.000 45.07 100.0

175C2CM1 200000 Ryne 29.56 13.08 13.02 0.31 0.128 43.90 100.0

175C3CBf11 200000 Ryne 28.66 10.87 16.45 0.38 0.126 43.51 100.0

175C4CBf11 200000 Ryne 28.31 13.05 '''.10 0.•2 0.020 .....10 100.0

175C4CB12 200000 Ryne 28.97 9.26 18.62 0.28 0.033 42.83 100.0

175C4CEW3 200000 Ryne 28.18 11.59 16.12 0.49 0.000 43.63 100.0

175C4C8f14 200000 Ryne 29.04 9.18 18.60 0.28 0.042 42.86 100.0

175C5CBfl1 200000 Ryne 29.03 15..... 9.75 0.30 0.006 45...7 100.0

175C5C8f12 200000 Ryne 28.89 12.86 13.27 0.55 0.000 .......2 100.0

175C5C8f13 200000 Ryne 28.30 10.69 11.14 O..... 0.000 43.43 100.0

175C5C814 200000 Ryne 28.65 13.78 12..... 0.32 0.000 .....82 100.0

• 175C6CBfl1 200000 Ryne 28.84 10.n 16.80 0.52 0.011 43.01 100.0

115C7CB11 200000 Ryne 29.06 17.n 5.80 0.57 0.000 "6.80 100.0
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s.mpe • Au c..,) LocItian c.oM16 MgOwt4)6 FeOwt1' MnO~ SrO~ CQ2wt4)6 TCUI~

• 175C8CEW1 2OOOQO Ryne 54.23 0.11 0.35 0.60 0.000 .w.72 100.0

175C8CEW1 200000 Ryne 29.42 10.87 16.12 0.44 0.106 4Q.05 100.0

17!iC9C8112 2OOOQO Ryne 54.54 0.12 0.35 0.57 0.000 .w.43 100.0

176C1ClW1 4200 ~ 53.85 1.83 0.02 0.00 0.000 .w.30 100.0

176C2CM1 4200 ~ 27.96 9.58 18.21 0.32 0.000 4Q.93 100.0

176C3CEW1 .c82OO ~ 29.08 13.56 12.27 0.38 0.075 .w.64 100.0

176C3CM2 4200 HourgIMa 28.08 11.11 16.70 0.36 0.005 4Q.75 100.0

176C3C813 .c82OO ~ 28.23 11.51 16.13 0.25 0.030 4Q.85 100.0

176C3C8N oi82OO ~ 28.4Q 9.81 18.18 0.36 0.022 4Q.21 100.0

176C3C815 oi82OO ~ 28.03 11.35 16.42 0.39 0.(1511 4Q.7S 100.0

176C3C816 48200 ~ 29.00 14.02 11.42 0.45 0.043 45.07 100.0

176C3CM7 4200 ~ 29.15 13.86 11.63 0.52 0.000 .w.85 100.0

176C4CM1 48200 ~ 28.61 10.46 16.80 0.34 0.000 4Q.80 100.0

176C5C8f'1 48200 HourgIMa 28.23 11.38 15.81 0.36 0.114 .w.10 100.0

176C5CB12 .c82OO HourgIMa 28.32 11.43 15.83 0.40 0.158 43.85 100.0

176CSCEW3 48200 HourgIMa 28.50 13.53 12.71 0.43 0.147 .w.69 100.0

176C5CM4 48200 ~ 28.~ 11.74 15.53 0.43 0.159 43.65 100.0

176CSCB15 48200 ~ 28.15 11.18 16.60 0.38 0.181 43.51 100.0

176CSCB16 48200 ~ 28.30 11.99 15.08 0.38 0.140 44.11 100.0

176C5CB1J7 48200 ~ 28.06 11.38 16.31 0.29 0.055 43.91 100.0

176C6CEW1 48200 Hourpu 28.87 9.79 17.58 0.39 0.000 43.36 100.0

176C6CB12 48200 ~ 29.13 13.47 12.58 0.49 0.000 .w.34 100.0

176C7CEW1 48200 ~ 28.76 10.35 17.47 0.36 0.000 43.06 100.0
176C7CB12 48200 ~ 28.65 14.05 11.31 0.46 0.000 45.53 100.0

176C8CEW1 48200 ~ 28.34 10.31 17.40 0.37 0.000 43.57 100.0

•
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Microprobe analyse results of plagioclase• Detection Imit in w!%: NaO, MeO, 503, K20, 0.02; CaO, SI02, 0.03; FeO 0.04

Sim,.' Au(ppb) Lac8Iian Na2ONlI6 caoV18 ICZONlI6 MpOV18 P'eONlI6 AI203V18 Si02~ TotaI~

0IIC2PGIJ1 1200 R~ 11.87 0.01 0.01 0.00 0.05 11.21 •.es •.10
œIC2PCM2 1200 Ryne 11.23 0.1" 0.31 0.03 0.07 11.7" 87."1 •.13
œIC:ZPGa 1200 Ryne 11.4M 0.11 0.15 0.02 0.03 11.40 87.11 •.03
œIC2PCiII4 1200 R~ 11.• 0.1" 0.28 0.03 0.03 11.87 ".7" 100.31
C*C2PGIJ5 1200 Ryne 11.45 O.DI 0.01 0.01 0.02 11.81 87.13 • .20
~ 1200 Ryne 11.• 0.10 0.04 0.00 0.00 11.38 •.13 •.82
0IIC12PG11 1200 RV- 11.18 O." 0.01 0.00 0.04 11.82 87.58 ••12
003C1PG11 as RV- 11.87 0.07 0.01 0.00 0.01 11.31 •.C 100."7
003C1PGC as RV- 11.82 0.01 0.04 0.01 0.01 11.4M • .21 100."1
003CSPQJ1 as Ryne 11.• 0.01 0.02 0.00 0.00 11."7 ..... •••DQ3C7PGllfI as Ryne 11.57 0.01 0.02 0.00 0.02 11.013 •.87 •••
003CIPCilIt1 as RV- 11.51 0.10 0.01 0.00 0.02 11.51 •.71 100.01
D03C8PGI'2 as Ryne 11.58 0.11 0.02 0.01 0.00 11." •.81 100.13
003C10PGl11 es Ryne 11.50 0.2D 0.01 0.00 0.01 11.• Il.27 100.7"
R1.C7PQI1 200000 Ryne 11.5ot O.DI 0.08 0.00 O.oe 11.32 ••10 • .21
R1aC7PGlC 200000 R}lM 11.50 0.21 0.01 0.01 0.03 11."7 ••57 •.14
R1aC1PG1J1 200000 RV- 11.43 0.07 0.1" 0.01 0.08 11.40 •.10 •.73
R1aC11PG11 200000 Ryne 11.• 0.18 0.07 0.00 0.13 11.41 •.12 100."3
R1aC14"1 200000 Ryne 11.41 0.07 0.01 0.01 0.08 11.32 •.12 •.13
R1~1 200000 Ryne 11.80 0.02 O.OS 0.00 0.02 11.11 17.• •.85
R1~ 200000 Ryne 11.85 0.10 0.08 0.01 0.03 11.34 17.10 ••78
R1bC7PQI1 200000 Ryne 11.53 0.10 0.07 0.00 0.08 11.45 •.1" •.37
R1bC1~1 200000 Ryne 11.51 0.02 0.05 0.00 0.01 11.27 ••sa •.51
121C1PGl11 7400 Ryne 11.27 0.18 0.37 0.05 0.11 11.75 11.14 •.85
121C1POG 7400 Ryne 11.40 0.13 0.05 0.01 0.01 11.34 •.51 ..~
121C1PG13 7400 Ryne 11.03 0.21 O.sa 0.05 0.15 11.10 17.41 •.31
121C1PQ14 7400 Ryne 1.05 0.01 2.87 0.31 0.72 21.71 14.28 ••Ml
128C1PG15 7400 Ryne 11.5ot 0.08 0.01 0.00 0.05 11.30 •.00 100.03
121C1~ 7400 Ryne 11.55 0.03 0.01 0.00 0.04 11.23 ..... ..~
121C2PGlJ1 7400 Ryne 11.• 0.02 0.07 0.02 0.02 18.11 17.53 • .11
128C2PQ12 7400 Ryne 11.41 0.03 0.07 0.00 0.03 18.• ....7 •.07
121C3PG1J1 7400 Ryne 11.51 0.07 0.05 0.01 0.05 18.• 17.54 • .22
121C3PG12 7400 Ryne 11.38 0.01 0.32 0.00 0.02 18.• 17.72 •.31
R2C1PG11 2DOOOO Ryne 11."7 0.04 D.OS 0.01 0.02 11.21 Il.53 •.31
R2C1PG12 200000 Ryne 11.40 0.10 0.08 0.01 0.05 11.40 •.33 •.31
R2C7PGiI1 200000 Ryne 10.40 0.22 1.25 0.12 0.33 20.11 •.17 •.17
R2C8PG11 200000 Ryne 11.4M 0.04 D.OS 0.00 D.DI 11.34 •.10 •.82
R2C8PGC 2DOOOO Ryne 11.01 0.12 0.37 0.01 0.12 11.70 87.• ".24
R2C8PQJ3 2ODDOO Ryne 11.C 0.10 D.OS 0.00 0.05 11.• Il.82 •.81
R2CIPGlJl 200000 Ryne 11.34 0.22 0.12 0.02 0.11 11.14 Il.35 100.00
R2C8PQG 2DOOOO Ryne 11.81 0.18 0.04 0.02 0.13 11.52 81.13 100.34
R3e3PG11 2DOOOO Ryne 11.21 0.28 0.01 0.00 0.03 18.12 Il.• 100.18
R3C3PQ13 200000 Ryne 11.45 0.05 0.01 0.01 0.05 11."0 •.31 •.33
R3C3PGM 200000 Ryne 11.• 0.1" 0.01 0.00 0.01 11.51 87.17 •.11
R3C7PQI1 2DOOOO Ryne 11.22 0.30 0.33 0.02 0.08 11.14 •.34 100.24
R3C10PG11J1 200000 Ryne 11.83 0.1" O.OS 0.00 0.05 11.45 ••• 100.DO
H2C1PG11 l1OOO Hourgll.. 11.52 0.1" 0.05 0.00 0.01 11.31 •.53 •.57
H2C1P012 l1OOO Hourgll.. 11.45 0.22 0.04 0.00 0.00 11.013 Il.... •.71
H2C1PQJ3 81000 Hourgll.. 11.51 0.07 D.OS 0.00 0.01 11.34 81.78 •.81
H2C2PQIl 81000 Hoyrgllu 1.14 0.10 0.03 0.00 0.01 11.53 73.35 •••
H2C2PQC l1OOO Hourgl... 11.21 0.20 0.07 0.00 0.00 11.32 17.85 •.71
H2C2PCilllS l1OOO Hou,.... 11.30 0.14 0.04 0.01 0.00 11.1" Il.15 •.n
t12C3PQI1 l1OOO Hourgllu 11.52 0.23 0.07 0.00 0.00 11.51 Il..... •.as
H2C3PGI'.2 l1OOO Hourglua 11.53 0.17 0.08 0.00 0.03 11.10 •.11 100.00
H2C4PG11 l1OOO Hourgllu 11.32 0,2.. O.OS 0.01 0.00 11.43 17•• •.03
H2C4PGC l1OOO Hourgllu 11.53 0.21 O'OS 0.00 0.01 11.41 81.• •.33
H2C7PGIJ1 l1OOO Hourglnl 11.53 0.13 0.04 0.00 0.00 11.54 81.71 100.01
H2C7PQ112 l1OOO Hou,.... 11.57 0.11 0.05 0.00 0.00 11.54 Il.34 •.87
H2C1PQ11 l1OOO Hourgllu 11.sa 0.11 0.01 0.00 0.01 11.sa •.53 •.14

• H2CIPQr2 l1OOO Hayrgllu 11.52 0.13 0.01 0.00 0.01 11.51 .... •••
H2C11PG11 l1OOO Hourgllu 11.51 0.10 0.01 0.00 0.01 11.50 81.• •.12
H2C11PG112 l1OOO Hourgllu 11..... 0.1" 0.04 0.01 0.00 11.• .... 100.01
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S!mp!!- Au(ppb) Loc8Iion NaZO"'" c.o"", 1<20-.. 1IpO"'" ....0""" AI203 """
Si02V18 TaIlII """• HZC12PQ1J1 l1OOO HaurgIeIe 11.51 D.11 D." D.D1 D.C12 11.44 •.$2 •.11

HZC12PQ12 l1OOO HaurgIeIe 11.12 D.CM D.D7 D.DO D.D3 11.24 ••73 ••72
H2C12PCMS IIDDD ~ 11.• D.• D." D.D1 D.C12 11.• Il.• ..11
H2C12PGMN IIDDD HourgIae 11.52 D.2G D." D.GD D." 11.55 ••• ..17

•
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Microprobe..yu resUts of chlorite• o.tedian limI in 'At1rt: F.o, 0.015: Mao K20' Si02 0.03' Nea0 AI203 0.02; CaO MnO, 0.04

$MI•• Au(p!b) LOCIIIIan FeowN MpOwS Nl20wS 1C20wN c.owN MnOwS AI203wN SI02wN TallllwS

0lSICSCL81 1200 R,ne 2&.36 1•.43 0.02 0.01 0.05 0.03 21.11 2".75 87.•'
0IIC1CU2 1200 R,ne 27.01 13.10 0.01 0.07 0.03 0.03 20.17 2.... •.35
0IIC1CU3 1200 R,ne 21.04 15.21 0.01 0.03 0.03 o.• 21.11 25.32 87.14
0IIC7CL81 1200 R,ne 28.52 15•• 0.01 0.01 O.DO 0.04 20.33 25.10 87.48
OMC7CU2 1200 R)M 28.12 1•.50 0.00 0.02 0.01 O... 21.115 25."2 88.57
0IeC10C111 1200 R)M 25.17 15.CHI 0.00 0.04 0.02 O•• 21."" 25.15 87.42
GIIC1DC:U2 1200 R)M 28.• 14.54 0.02 o." 0.01 0.02 21.53 2".12 87.5&
OIIC11a11 1200 R)M 25.12 15.02 0.01 0.02 0.05 0.03 21.07 25."" 87.55
oo3C3CU1 85 ~ 31.51 10.03 0.03 0.02 0.04 0.03 21.31 23.58 .....
D03C3CU2 15 ~ 31.17 10.37 0.04 0.03 0.03 0.01 21.11 2".0" 18.08
OD3œ~1 85 R)1M :".18 10.55 0.02 0.03 0.03 O.OZ 21.21 24.29 18."
003C1~1 85 ~ 32.1. 1.10 0.02 0.02 O.DO 0.04 Z2.28 2".04 18.11
R11C3CL81 200a0a ~ 21.11 13.18 0.01 0.02 0.01 O.• 21.12 24.74 18.82
R1.C3CU2 20000a ~ 21.17 12.14 0.01 0.03 O.DO 0.05 21.n 24.13 Il.19
R1bC1~1 2000a0 ~ 21.11 13.20 0.00 0.01 0.02 0.03 21.73 24.12 Il.53
R1bC1OCU2 2GOOOO ~ 21.25 12.13 0.03 0.03 0.01 O•• 21.11 25.11 19.12
R1bC10CU3 2OOODO R,ne 21.78 12.44 0.03 0.02 0.02 0.015 21.44 25.11 I8.SMJ
121iC1CU1 7400 R)M 31.37 11.25 0.00 0.04 0.03 0.0& 21.• 24.41 88.61
12eC1CU2 7400 R,ne 31.15 11.03 0.02 0.03 0.03 0.08 21.61 24.57 Il.00
12eC5PG81 7400 R)M 33.48 1.10 0.00 0.03 0.02 0.01 20.• 24.00 18.23
121i~1 7400 Rvne 32.47 10.30 0.01 0.02 0.01 0.01 21.26 24.20 Il.35
121iœC~ 7400 Rvne 32.10 10.42 0.01 0.00 O.DO O.QI 21.21 24.34 18.18
H2C2C~1 llOOD HcugIaa 25.• 15.58 0.01 0.02 0.01 O.CHI 21.07 25.52 18.24
H2C2C~ 6100D H«QIaI 24.24 11.17 0.01 0.02 0.0. 0.0& 20.57 25.90 Il.51
H2C1CU1 IlOOD HcugIaa 25.58 14.71 0.00 0.01 0.03 0.0. 11.11 24.74 15.04
H2C9CLn 6100D HcugIea 27.21 '4.57 0.00 0.02 a.02 a.CHI 21.11 25.4. Il.50
H2C9CL13 llOOD H....... 25.• 15.00 0.01 0.02 0.04 0.05 20.15 25.11 Il.83
H2C1C~ 11000 H..... 24.44 11.70 0.00 0.03 O.DO 0.06 21.21 25.11 Il.43
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Log Kvalues
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• Log K Vlllues fram SUPCRT92 n 1998 datab..update
(except CuHS2-, from MCU1IIin ft S..-d, 1999)

aiOQ·C, 2000 b8r

Redon Field LogK

HSO+S04 HS04- =S04-2 + H+ -6.381
HSO+H2S HS04- =H2S + 202 -42.095
S04-H2S S04-2 + 2H+ =H2S + 202 -35.714
S04-HS S04-2 + H+ =HS- + 202 -43.102
HS-H2S HS- + H+ =H2S 7.387

Py-Po Py + H20 =Po + H2S + 0.S02 H2S -14.837
Py-Po Py + H20 =Py + HS- + H+ + 0.502 HS- -22.224
Py-Mag 3Py + 6H20 =Mag + 6HS- + 6H+ + 02 HS- -79.624
Py-Mag 3Py + 6H20 + 1102 =Mag + 6S04-2 + 12H+ S04-2 178.986
Py-Hem 2Py + 4H20 + 7.S02 =Hem + 480+2 + 8H ~ S0+2 123.367
Py-Hem 2Py + 4H20 + 7.502 =Hem + 4HS04- + 4H+ HS04 148.889
Pc.Hem 3Po + 3H20 + 0.502 =Mag + 3HS- + 3H+ HS- -12.952
Hem-Mag 3Hem =2Mag + 0.502 -12.13

Ccp.Bn+Py 5Ccp + 2H2S + 02 =Bn + 4Py + 2H20 H2S 26.329
Ccp-Bn+Py 5Ccp + 2HS04- + 2H+ =Sn + 4Py + 2H20 + 302 HS04- -57.861
Ccp.Bn+Py 5Ccp + 2S04-2 + 4H+ =Bn + 4Py + 2H20 + 302 S04-2 -45.1
Ccp.Bn+Hem Sn + 2Hem + 6HS04- + 6H+ =5Ccp + 6H20 + 1202 HS04- -239.918
Ccp-Bn+Hem Bn + 2Hem + 6S04-2 + 12H+ =5Ccp + 6H20 + 1202 S04-2 -201.635
Ccp.Bn+Mag Sn + 413Mag + 6HS- + 6H+ + 11302 =5Cep + 6H20 HS- 65.092
Ccp-Bn+Mag an + 413Ma; + 6S04-2 + 12H+ =SCcp + 6H20 + 35/302 S04-2 -193.518
Ccp.Bn+Po Bn + 4Po + 2HS- + 2H+ + 02 = SCcp + 2H20 HS- 47.793
Ccp-Bn+Po Bn + 4Po + 2H2S + 02 =SCcp + 2H20 H2S 33.018

hl + 2H2S + 0.2502 =Au(HS)2- + H+ + 0.SH20 H2S -1.794
AAJ + 2HS- + H+ + 0.2S02 =Au(HS)2- + O.S H20 HS- 12.981
hJ + 2S04-2 + 3H+ =Au(HS)2- + 0.5H20 + 1S/402 HS04- -8S.984
hJ + 2HS04- + H+ =Au(HS)2- + 0.5H20 + 1S/402 S04-2 -73.223
hJ + 2CI- + H+ + 0.2502 =AuC12- + 0.5H20 3.3&8

Ccp + 0.5H20 + 2CI- + H+ + 0.2502 =CuC12- + Py + 0.5H20 Py 6.624
Ccp + 0.5H20 + 2C1- + H+ =Po + CuC12- + H2S + 0.2S02 Po -8.212
Cu(HS)2- + Py + H+ + 0.5H20 = Ccp + 2H2S + 0.2502 Py .0.8178
Cu(HS)2- + Po + H+ + 0.2502 =Ccp + H2S + 0.5H20 Po 14.0232

Ms-Kfs Ms + 2K+ + 6Si02 =3Kfs + 2H+ -7.521
Pg-Ab Pg + 2Na+ + 6Si02 =3Ab + 2H+ -8.609

CH4-C02 CH4 + 202 =C02 + 2H20 57.293
Dol + 4H+ =Ca2+ + Mg2+ + 2C02 + 2H20 C02 11.761
Dol + 4H+ + 2H20 =Ca2+ + ME+ + 2CH4 + 402 CH4 -102.826
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