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A B S T R A C T 

The Eskay Creek deposit is an unusual, polymetallic, precious metal-rich, volcanogenic massive 

sulfide and sulfosalt deposit located in northwestern British Columbia. Combined production and current 

reserve and resource estimates total 2.34 million tonnes, grading 51.3 g/t Au and 2 326 g/t Ag, and are 

contained in a number of stratiform and stockwork vein zones that display a variety of textural and 

mineralogical characteristics. The bulk of the ore is hosted in the 21B zone, a tabular stratiform lens that 

consists of well-bedded, clastically reworked sulfides and sulfosalts interbedded with unmineralized, 

carbonaceous argillite. In addition to extremely high precious metal grades, Eskay Creek is distinguished 

from conventional V M S deposits by its association with elements of the 'epithermal suite' ( S b - H g ± A s ) , 

sulfosalt-rich mineralogy, and the dominance of clastic sulfides and sulfosalts. 

Physical and chemical constraints on the deposition of the Eskay Creek deposit have been 

investigated by detailed field studies, supplemented by petrographic, geochemical and stable isotopic 

analysis of the ore minerals. The deposit formed during two periods of hydrothermal activity, reflecting 

stratiform lenses occurring at two stratigraphic levels within argillite at the contact between rhyolite and 

basalt. During the first stage of activity, early sphalerite, Ag-rich tetrahedrite, galena, pyrite and electrum 

deposited on the sea floor near the center of the present 21B zone. The resulting seafloor mound and 

chimneys were periodically fragmented, transported, and redeposited in a basin adjacent to the vent site. 

Hydrothermal fluids migrated laterally along the permeable clastic bed to deposit progressively more Sb 

and Hg-rich sulfides and sulfosalts including dominantly boulangerite and bournonite, associated with 

significant electrum, followed by stibnite. Later minerals are progressively more restricted towards the 

center of the deposit. The latest stage of hydrothermal overprint in the 21B zone is characterized by minor 

cinnabar. The second stage of hydrothermal activity resulted mainly in deposition of the stratigraphically 

higher HW massive sulfide lens. The HW zone is typical of mineralized lenses where sulfides were not 

transported from the vent site. Ore of this type is characterized by replacement textures, presence of 

chalcopyrite and absence of lead sulfosalts. 

Silver is hosted principally in near end-member tetrahedrite and in electrum. Sphalerite, 

tetrahedrite and electrum locally contain significant Hg due to reaction with late stage, Hg-rich fluids. Low 



temperatures of formation are reflected in the low FeS contents in sphalerite, as well as the sulfosalt-rich 

mineral assemblage, and are optimal for transport of gold as a sulfide complex. Sulfur isotope signatures 

in the sulfides are consistent with a magmatic source, either derived by leaching the underlying volcanic 

pile, direct magmatic input, or both. Sulfur isotope values in pyrite from the host argillite grade rapidly to 

biogenic signatures within tens of metres from the edge of the orebodies, indicating that hydrothermal 

fluids are focussed and had a limited extent of lateral migration. 

Processes responsible for formation of the Eskay Creek deposit are not unique in the V M S 

environment, but require the coincidence of several favourable conditions to optimize the precious metal 

grade in the deposit. Continued removal of material deposited at the vent site is essential to prevent 

sealing and subsequent increase of temperatures of the hydrothermal system, therefore providing 

sustained low temperature conditions favourable for transport of gold. Redeposition of the clastic sulfides 

adjacent to the vent site allowed access for hydrothermal fluids to deposit additional gold. A reduced 

basinal environment with an appropriate depositional geometry is therefore necessary to preserve 

transported sulfides. 
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C H A P T E R 1 

I N T R O D U C T I O N 

Stratiform gold and silver rich mineralization in the Eskay Creek deposit has attracted much 

interest since its discovery in 1988. Located in the Iskut River area of northwestern British Columbia (Fig. 

1.1), the deposit is one of the highest-grade gold and silver deposits in the world. It is currently owned 

and operated by Barrick Gold Corporation, following a merger with Homestake Canada Inc. in December 

2001. Commercial production commenced in January 1995 and, to the end of 2001, has totaled 1.04 

million tonnes containing 2.06 million ounces of gold and 91 million ounces of silver. Proven and probable 

resources at the beginning of 2002 are estimated to be 1.3 million tonnes containing 1.8 million ounces 

gold and 84 million ounces of silver (Rogers, 2002). Therefore, precious metal grades for the deposit 

average 51.3 g/t gold and 2 326 g/t silver. 

Based on its environment of deposition, geometry, and associated footwall alteration, Eskay 

Figure 1.1: Location of the Eskay Creek deposit in northwestern British Columbia. 
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Creek is classified as a polymetallic volcanogenic massive sulfide (VMS) deposit. Its depositional setting 

is very similar to that of massive sulfides in the Kuroko district (Ohmoto and Skinner, 1983; Franklin et al., 

1981). Stratiform sulfides and sulfosalts in several subzones are hosted in marine mudstone at the 

contact between underlying rhyolite and overlying basalt that form the uppermost unit of the Lower to 

Middle Jurassic arc sequence known as the Hazelton Group. The Eskay Creek deposit has several 

characteristics, however, that differ from ordinary V M S ore models including: high grades of precious 

metals (Au and Ag are the principal commodities), elevated concentrations of elements more typically 

associated with the epithermal environment (Sb-Hg-As), low temperatures of formation, and dominantly 

clastic sulfide-sulfosalt stratiform ore. Although some of these features may be observed locally in other 

V M S deposits, they comprise only a fraction of the ore. 

Many V M S deposits contain significant accessory gold, although unlike Eskay Creek, their 

primary commodities are base metals. Recent investigations of these gold-rich V M S deposits identified 

distinctive characteristics that are summarized by Hannington et al. (1986), Huston and Large (1987), 

Large et al. (1989), Huston and Large (1989), Hannington and Scott (1989), Hutchinson (1990), Poulsen 

and Hannington (1995), Hannington et al. (1999), and Huston (2000). Eskay Creek appears to represent 

an end-member of this subclass of gold-rich V M S deposits. 

Previous Work 

The deposit and surrounding area have been the subject of several studies. These have included 

work by exploration and mine geologists, government survey programs, and extensive regional and 

deposit-scale study by the Mineral Deposit Research Unit at The University of British Columbia. Relevant 

references include Anderson (1989), Blackwell (1990), Britton et al. (1990), Idziszek et al. (1990), Alldrick 

(1991), Edmunds and Kuran (1992), Ettlinger (1992), Rye (1992), Roth and Godwin (1992), Bartsch 

(1993a, b), Nadaradju (1993), Roth (1993a, b), Rye et al. (1993), Edmunds et al. (1994), Sherlock et al. 

(1994a, b, c), Roth (1995), Barrett and Sherlock (1996), Childe (1996), Macdonald et al. (1996), Sherlock 

et al. (1999). 
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Objectives 

This study was undertaken to develop a model of physical and chemical controls on the formation 

of the unusual Eskay Creek deposit, and to provide a comparative basis for future exploration of similar 

targets. Research focussed on the characteristics within the orebody to assess: 

1. distribution and physical controls on the subzones, 

2. mineralogical and chemical differences among the subzones, 

3. paragenetic history of the mineralization, 

4. the origin and source of the bedded sulfides, 

5. mechanisms of deposition and the importance of clastic ore, and 

6. the environment of deposition. 

Geologic relationships and textural characteristics of the deposit were determined through extensive 

fieldwork and observations at the deposit, supported by laboratory techniques. Variations in chemistry 

and isotopic composition of the ore sulfides and sulfosalts were evaluated within this framework. 

Methods 

Most of the observations presented in this study are based on detailed examination and logging 

of drill core. The distribution of ore intercepts investigated in detail are shown in Appendix A. Numerous 

additional drillcore intercepts were reviewed less formally while the author was employed as a mine-

exploration geologist at Eskay Creek. Observations of large-scale relationships were collected primarily 

from underground exposures in the mine. These included routine face-maps, as well as more detailed 

back and wall maps of cross-cuts through the ore and sill drifts along strike. 

Samples collected from drillcore and underground were cut and prepared as polished thin 

sections and mounts. The mineralogy and textural characteristics of the ore were determined by 

extensive ore microscopy. Due to the optical similarity of many of the antimony-bearing minerals, a 

scanning electron microscope (SEM) was used to confirm their identity or to discriminate among them. 

Electron microprobe analysis (EPMA) of the sulfides was undertaken to define variations in the 

chemistry of the sulfides and sulfosalts and to provide constraints on thermochemical conditions in the 
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ore-forming fluids. Details of the analytical conditions, precision and accuracy for the method are 

presented in Appendix B. 

Sulfur isotope compositions were analyzed in the ore minerals, as well as in pyrite collected 

regionally from argillite that hosts the stratiform ore and that occurs elsewhere in the mine stratigraphy. 

These data are used to constrain possible sources of sulfur in the orebodies and to determine the extent 

of the hydrothermal signature in pyrite surrounding the orebodies. In situ analysis of S^S in the ore 

sulfides provides evidence for physicochemical changes in the hydrothermal fluids. 

The isotopic composition of organic carbon from the host argillite was analyzed to determine 

whether the extent of hydrothermal activity around the orebodies could be discerned. 

Presentation 

This thesis constitutes a series of manuscripts that each present supporting data for the genetic 

model summarized in Chapter 6. As outlined in the Foreword, Chapter 2 has been published in a peer 

reviewed volume and Chapter 5 has been reviewed and accepted to an international technical journal, 

pending revisions. The remaining chapters (3, 4 and 6) provide the basis for future submissions. Some 

repetition was unavoidable in order to provide context within each chapter as a separate entity. This style 

has been adopted for clarity and ease to the reader, and to facilitate publication of portions of the thesis. 

The subject of each chapter is outlined below. Contributions from co-authors for Chapters 2 and 5 are 

detailed in the Foreword. 

Chapter 2 provides an overview of the geology and characteristics of the Eskay Creek deposit, 

including a review of previous work. Descriptions of the deposit, host lithology, alteration, depositional 

setting, and a broad genetic model are presented and provide the context for detailed observations within 

the orebody that follow in subsequent chapters. This paper was presented as part of a short course on 

volcanic-associated massive sulfide deposits at the Geological Association of Canada - Mineralogical 

Association of Canada (GAC-MAC) Annual Meeting in 1997, and represents the state of knowledge at 

that time. The paper was subsequently published in a volume of Reviews in Economic Geology. 

Chapter 3 presents the bulk of the mineralogical and chemical observations and data collected 

from the Eskay Creek deposit. The chapter begins with updated descriptions of the geometry and 
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characteristics of subzones in the deposit to reflect additional discoveries and changes in the 

understanding and interpretation of the zones made subsequent to publication of Chapter 2. The rest of 

the chapter is presented in two parts. Part I documents detailed petrographic observations from each of 

the subzones and addresses the paragenetic history of the deposit. Part II presents results of electron 

microprobe analyses in sulfides and sulfosalts, and metal zoning patterns in the deposit. Constraints 

inferred from the data are summarized within the text. Implications of these constraints and a genetic 

model for the deposit are discussed in Chapter 6. 

Chapter 4 documents primary bedforms and variations in the reworked sulfides and sulfosalts of 

the 21B zone based on extensive, detailed examinations of drillcore and underground workings by the 

author. Evidence for the local depositional setting, possible source areas, and mechanisms of 

fragmentation and transport are discussed. These processes provide physical constraints for the genetic 

history of the Eskay Creek deposit. 

Chapter 5 presents sulfur and carbon isotope data from argillite in the Eskay Creek host 

stratigraphy. This paper documents variations in 8 3 4S of pyrite and 5 1 3 C of organic carbon with distance, 

both laterally away from and stratigraphically above the orebodies, to evaluate regional influence of 

hydrothermal activity and trends that might provide directional indicators for mineral exploration. The 

paper also presents in situ analysis of sulfides within the ore to assess variations in 8 3 4S at the grain scale 

as well as broader differences between orebodies in the deposit. 

Chapter 6 discusses the physical and chemical constraints on formation of the Eskay Creek 

deposit, based on the findings of this study. A genetic model and implications for exploration of this type 

of deposit are presented. 
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C H A P T E R 2 

T H E P R E C I O U S M E T A L - R I C H E S K A Y C R E E K D E P O S I T , N O R T H W E S T E R N B R I T I S H 

C O L U M B I A 

Tina Roth, John F.H. Thompson, and Timothy J. Barrett 

Introduction 

The Eskay Creek Mine is an unusual polymetallic, precious-metal rich volcanic-associated 

massive sulfide and sulfosalt deposit which has generated much interest over the past decade. Located 

in the metallogenetically rich Iskut River area (Macdonald et al., 1996), 80 kilometers north of Stewart, 

British Columbia (Fig. 2.1), the deposit is distinct in style and mineralogy from other known deposits in the 

area and from other volcanic-associated massive sulfide (VMS) deposits. 

The deposit is hosted by a Middle Jurassic bimodal volcanic sequence on the west flank of an 

anticlinal structure, at the contact between felsic volcanic rocks and a mudstone-basalt package (Fig. 

2.2). Economic concentrations of precious and base metals are contained in the 21 Zone, which is 

subdivided into a number of distinct sub-zones (Table 2.1). The bulk of the reserves are contained in the 

stratiform 21B zone, which is characterized by clastic sulfide-sulfosalt beds composed of sphalerite, 

tetrahedrite, lead sulfosalts, galena, pyrite, electrum-amalgam, and variable amounts of mudstone, 

chloritized and sericitized rhyolite, and barite fragments. In January 1995, Homestake Canada Inc/Prime 

Resources Group Inc. commenced production from the 21B zone with a proven and probable mining 

reserve of 1.08 million metric tonnes (Mt) grading 65.5 grams Au per tonne and 2,930 grams Ag per 

tonne (g/t) (Prime Resources Group Inc., Annual Report 1994). 

Table 2.1: Summary of ore reserves and metal resources in the Eskay Creek 21 zone. 

Zone Tonnes A u A g Pb Zn C u 
(g/t) (g/t) (%) (%) (%) 

21A1 1,058,000 8.9 96 n/a n/a n/a 
21B2'3 1,080,000 65.5 2,930 2.89 5.6 0.77 
NEX4 99,700 40.3 2,447 n/a n/a n/a 
HW4 106,000 20.6 1,426 n/a n/a n/a 
1 probable resource; Britton et al., 1990 
2 proven and probable mining reserves of the 21B zone and East Block, including 27% dilution; Prime Resouces Group Inc. Annual 

Report, 1994 
3 Homestake Canada Inc., Press Release, June 1993 
4 probable resource; Homestake Canada Inc., Press Release 
n/a not available; (Values for the 21C, Pumphouse/Pathfinder and 109 zones are not available.) 
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Figure 2.2: Geological map of the Eskay Creek anticline showing the location of surface projections 
of the stratiform 21A and 21B zones and historical adits (compiled from mapping by C. 
Edmunds, D. Kuran, H. Marsden, A. Kaip and R. Bartsch). 
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The purpose of this paper is to describe the main features of the Eskay Creek deposit and to 

present a genetic model for the deposit. Although a syngenetic V M S model is widely accepted for Eskay 

Creek, the high grades of precious metals, and the unusual textural and geochemical features of the ore 

indicate that processes atypical of most V M S systems were active at the time of formation. The results 

and ideas presented in this paper represent the cumulative efforts of many exploration and research 

geologists (e.g. Blackwell, 1990; Britton et al., 1990; Idziszek et al., 1990; Roth and Godwin, 1992; 

Ettlinger, 1992; Bartsch, 1993a, b; Roth, 1993a, b; Rye et al., 1993; Edmunds et al., 1994; Sherlock et al., 

1994a; Barrett and Sherlock, 1996; Childe, 1996). 

History 

The Eskay Creek area has been explored intermittently since 1932. Much of the original 

prospecting was carried out by Tom MacKay, his family and associates. The MacKay and Emma adits 

(Fig. 2.2) were driven on precious metal-rich stockwork veins during this initial period of exploration. From 

1935 to 1938, Premier Gold Mining Company optioned the property and defined 30 mineralized prospects 

including the 21 zone, which was identified and named during a trenching program. Gold and silver-rich 

boulders containing orpiment and realgar were discovered in the 21 zone area at this time but were not 

followed up (Britton et al., 1990). Limited amounts of precious metals were extracted from vein 

mineralization in the rhyolite at various times, including 8.75 tonnes of hand-cobbed ore from the 22 zone 

that contained 1,263 g/t Au and 25,490 g/t Ag plus lead and zinc (Britton et al., 1990). In the post war 

period (1945-1979), numerous companies explored the property with the emphasis changing from 

precious to base metals and volcanic-associated massive sulfide models (e.g., exploration by Texas Gulf 

in the 1970s). Exploration continued in the 1980s when a junior company, Kerrisdale Resources, drilled 

four holes near the 21 zone, including one that intersected the stratiform mineralization in the 21A zone 

(Edmunds et al., 1994). In 1988, a drill program by joint venture partners, Stikine Resources Limited and 

Calpine Resource Inc., confirmed the existence of Au-Ag-rich massive sulfide mineralization in the 21A 

zone. Follow-up geophysical and geochemical surveys in 1989 outlined a chargeability and geochemical 

anomaly that was tested by hole 109. This hole intersected 61 meters averaging 99 g/t Au and 29 g/t Ag 

in an area that became known as the 109 zone (Britton et al., 1990). By mid-1990, 650 holes had been 

drilled and the 21B zone effectively defined. Since then, surface mapping, underground mapping, and 
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additional drilling have resulted in the definition of several subzones within the 21 zone defined by 

mineralogy, textures, occurrence and precious metal grade (Edmunds et al., 1994). 

It took 19 companies and 57 years of sporadic exploration to discover a major economic ore body 

at Eskay Creek. The continuing interest in the area over such a long period relates to the presence of 

extensive visible iron staining and alteration, and localized precious metal-rich mineralization over a strike 

length of about 5 kilometers. The extent of this alteration and mineralization documents the size of the 

hydrothermal system in the Eskay Creek area. Although the system is large, the area of economic 

mineralization in the 21B zone is only 60 x 900 meters in plan. This is a small target for blind drilling and 

its delineation is further complicated by variable dip angles and structural disruptions. The Eskay Creek 

exploration history emphasizes the need for careful and sustained exploration in V M S environments. 

Geological Setting 

The Eskay Creek property lies in the Stikine terrane near the western margin of the Intermontane 

tectonic belt (Anderson, 1989; Wheeler et al., 1988). The Stikine terrane consists of four assemblages: 

Upper Paleozoic metavolcanic and metasedimentary rocks, arc-related volcano-sedimentary complexes 

and related intrusions of the Triassic Stuhini Group and Jurassic Hazelton Group, and basinal sediments 

of the overlying Middle to Upper Jurassic Bowser Lake Group (Anderson, 1989; Britton et al., 1990). 

Mesozoic and Cenozoic plutonic suites intrude all of these assemblages. The Eskay Creek ore bodies 

are hosted by Middle Jurassic units in the upper part of the Hazelton Group. 

The Hazelton Group is conventionally divided into four or five formations (Grove, 1986; Alldrick, 

1991; Anderson, 1993). Difficulties in the use of the existing formations have led to problems of 

correlation and interpretation. For the purposes of this paper, five regional units within the Hazelton 

Group are described, similar to the approach adopted by Macdonald et al. (1996). The lowest unit in the 

Hazelton Group consists of fossiliferous conglomerate to sandstone that is separated by a disconformity 

or angular unconformity from the underlying Stuhini Group. The age of the lowest Hazelton Group unit is 

defined by the presence of Upper Hettangian to Lower Sinemurian ammonites (Nadaraju, 1993). The 

coarse clastic sediments are overlain in most places by a sequence of andesitic to dacitic flows, sills and 

volcaniclastic rocks with associated tuffs, greywackes and conglomerates. The age of this sequence, 

which is characterized by extensive variations in thickness and facies, is constrained by the ammonites in 
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the unit below, by Upper Pliensbachian fossils in the overlying unit, and by U-Pb dates from a flow of 

approximately 193 Ma (Macdonald et al., 1996). The intermediate volcanic and volcaniclastic strata are 

overlain locally by a unit characterized by felsic volcanic flows, tuffs and breccias with an age range of 

about 194 to 185 Ma (Macdonald et al., 1996). A mainly sedimentary unit occurs above the intermediate 

and felsic volcanic rocks. At Eskay Creek, this unit consists of bioclastic sandstone, but elsewhere it 

varies from limestone to sandstone, and is locally tuffaceous or conglomeratic. Fossil collections from this 

area span the Upper Pliensbachian to Aalenian (Nadaraju, 1993). 

The uppermost unit in the Hazelton Group is dominantly a bimodal volcanic assemblage with 

lesser tuffaceous, calcareous and argillaceous sedimentary rocks. The stratigraphic and geochemical 

character of this unit is different from the underlying volcanic units of the Hazelton Group (Macdonald et 

al., 1996; Barrett and Sherlock, 1996). Although previously divided into lower felsic volcanic (Mount 

Dilworth Formation) and upper basaltic volcanic-sedimentary packages (Salmon River Formation), as 

seen at Eskay Creek, these stratigraphic relationships are more complex regionally and are often 

reversed. Macdonald et al. (1996) have grouped the felsic and basaltic volcanic and sedimentary rocks of 

the upper part of the Hazelton Group as a single unit and suggest that they document intra-arc rifting. 

Large variations in the thickness of rock types, particularly sections of pillow basalt, and evidence for syn-

depositional faulting in the Eskay area suggest that an extensional environment existed at this time. In 

addition, the geochemistry of the volcanic rocks (Barrett and Sherlock, 1996) and their radiogenic isotopic 

signatures (Childe, 1994; 1996) are consistent with the involvement of primitive magmas probably related 

to rifting. The age of this upper unit is constrained by fossils and microfossils from intercalated sediments 

within the sequence, and from the units above and below, to be between Late Aalenian and Early 

Bajocian (Nadaraju, 1993). U-Pb dating of rhyolites in the Upper Hazelton Group at Eskay Creek and 

elsewhere in the Iskut River area, indicate a range of 181-172 Ma (Childe, 1994, 1996; Macdonald et al., 

1996; J . Mortenson, pers comm.). 

The Hazelton Group is overlain by marine and terrestrial mudstones, sandstones and 

conglomerates belonging to the Bowser Lake Group. These basinal sedimentary rocks lack volcanic 

components and contain clasts of rock types from adjacent terranes, hence indicating a change in the 

local and regional tectonic setting. 
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Structure and Metamorphism 

Regional metamorphic grade in the Mesozoic rocks in the Iskut River area is lower greenschist 

facies (Britton et al., 1990). Metamorphism was probably related to Cretaceous deformation which formed 

the Skeena fold and thrust belt (Rubin et al., 1990; Evenchick, 1991). In the Iskut River area, deformation 

is characterized by regional upright anticlinoria and synclinoria, related thrust faults, mesoscopic folds 

and normal faults, and cleavage development. The McTagg anticlinorium is the dominant feature in the 

eastern part of the Iskut River area (Fig. 2.1). 

The stratigraphy at Eskay Creek is folded about a shallowly north plunging, north-northeast 

trending upright open fold, termed the Eskay Anticline (Fig. 2.2). This is located on the imbricated western 

limb of the McTagg anticlinorium. Stratiform mineralization dipping at 3 0 ° to 4 5 ° occurs on the western 

limb of this fold, which is disrupted by a series of north to northeast trending faults. Cleavage is well 

developed in sedimentary units, and appears to be axial planar to both the Eskay Anticline, and to small-

scale, possibly parasitic folds (Rye et al., 1993). Edmunds and Kuran (1992) recognized at least two 

phases of deformation on the Eskay Creek property. The earliest imparts a 0 3 0 ° - trending pervasive 

cleavage which is axial to the Eskay anticline and discordant to bedding. This early deformational event 

implies a 1 2 0 ° - trending compressive regime. A later event has locally reoriented cleavage and formed 

north and north-northeast trending normal faults. The later event implies that compression was directed 

north-northeast to south-southwest. 

Structural analyses and field relations indicate mineralization in the 21 Zone predates cleavage 

development (Rye et al., 1993). Several porphyroblastic phases, including prehnite, calcite, pyrite and 

sphalerite, locally overgrow cleavage and provide evidence for a metamorphic overprint of probable 

Cretaceous age. 

Mine Sequence 

The Eskay Creek deposit is located on the western limb of the Eskay anticline, close to the fold 

closure (Fig. 2.2). The stratigraphy and facies relationships at the Eskay Creek deposit and its vicinity 

have been described by Blackwell (1990), Bartsch (1993a, b), Roth (1993a,b), Edmunds et al. (1994) and 

Sherlock et al. (1994a). The stratigraphic succession of the mine (Fig. 2.3) comprises, from base to top, 
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mudstone-siltstone turbidites; thickly-
bedded sandstone and lensoidal 
conglomerate layers; 
containing Upper Bathonian to 
Lower Callovian ammonoids 

tujfaceous mudstone 

massive and pillowed basalt flows, 
sills, and volcanic breccia; 
intercalated mudstone and tuff beds; 
contain Lower Bajocian bivalves and 
Aalenian, possibly Lower Bajocian, 
radiolaria 

mudstone containing Aalenian, 
possibly Lower Bajocian, radiolaria 

massive, flow banded to brecciated 
rhyolite overlain by rhyolitic 
volcaniclastic rocks; 
U-Pb age: 173.6+5.6/-0.5 Ma 

(Childe, 1994) 

mudsiane 

intermediate pyroclastic and 
epiclastic rocks 

intercalated mudstone, siltstone, 
sandstone, subordinate 
conglomerate, and minor andesitic 
tuff; containing Upper Pliensbachian 
ammonoids 

andesite breccia and heterolithic 
volcaniclastic rocks 

Figure 2.3: Schematic stratigraphic section in the Eskay Creek area showing the relative distribution of the 
different mineralized zones within the 21 zone. The N E X zone is not shown; it occurs near the 
rhyolite-mudstone contact and is spatially related to the 21B zone. 
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andesite, marine sedimentary rocks, intermediate to felsic volcaniclastic rocks, rhyolite flow domes, 

carbonaceous shale, and basalt. Most of the significant mineralization occurs in carbonaceous shale, 

termed the 'Contact Mudstone', which occurs immediately above the rhyolite (Fig. 2.3). The strata are 

disrupted by faults that strike north-northeast, notably the Argillite Creek, Pumphouse, Portal and East 

Break faults (Edmunds and Kuran, 1992). 

Lower Footwall Units 

Coarse monolithic andesite breccia and heterolithic volcaniclastic rocks are exposed in the core 

of the Eskay anticline and are the oldest rocks in the mine sequence. The andesite is overlain by marine 

shales and interbedded coarse clastic sedimentary, volcaniclastic and calcareous rocks. A northward 

change from shallow marine sandstone and conglomerate, to deep marine shale-dominant sedimentary 

facies was suggested by Bartsch (1993b). Shales in this horizon contain bivalves and ammonites of Late 

Pliensbachian age (Nadaradju, 1993). 

A sequence of volcaniclastic rocks, with compositions that vary from dacite to basalt (Rye, 1992), 

overlie the marine sedimentary rocks. This unit was previously termed the 'footwall dacite' (Britton et al., 

1990; Blackwell, 1990; Edmunds and Kuran, 1992), but due to its variable geochemistry, it is termed 

more appropriately 'the footwall volcanic unit' (Roth, 1993b; Sherlock et al. 1994a). This unit comprises 

pumice-rich block and lapilli tuffs, and heterolithic epiclastic rocks which locally contain abundant fossils, 

including ammonites, brachiopods, molluscs, belemnites and possible wood fragments. A distinctive 

amygdaloidal, aphanitic flow or sill called the 'datum dacite' forms a marker horizon near the top of the 

sequence. The composition of this marker unit ranges from basaltic andesite to dacite (Roth, 1993b; 

Barrett and Sherlock, 1996). The footwall volcanic unit is capped by a thin (<3m thick) black mudstone 

horizon. 

Rhyolite 

Rhyolite forms the immediate footwall to the 21B stratiform deposit and is host to stringer-style 

discordant mineralization and locally intense alteration. In this area, hydrothermal alteration and related 

brecciation have destroyed much of the original rock fabric and volcanic minerals. However, the presence 

of locally preserved flow banding, flow lobes, breccias, hyaloclastite, spherulites and perlitic textures 

allowed Bartsch (1993a, b) to define several facies within the rhyolite which he interpreted to represent 
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portions of flow-dome complexes. These facies include basal and peripheral fragmental felsic rocks 

commonly containing pumiceous clasts, outer zones dominated by chaotic autobrecciated flow banded 

rhyolite, and central zones of massive to flow-banded rhyolite. The total thickness of the sequence ranges 

up to 200 meters. 

The upper contact of the rhyolite with the mudstone is locally marked by a black-matrix breccia, 

consisting of matrix-supported white rhyolite fragments in a siliceous black matrix (Rye, 1992; Bartsch, 

1993a, b; Roth, 1993b). The rhyolitic fragments have irregular concave surfaces and locally show jigsaw-

fits with adjacent fragments. These textures indicate in situ fragmentation, which combined with the 

siliceous argillite matrix, suggest that the breccias are peperites formed by the intrusion of some rhyolite 

lobes into unconsolidated wet sediments. This interpretation implies that rhyolitic volcanism was at least 

partly synchronous with argillaceous sedimentation and that the rhyolitic flow domes were partly intrusive. 

The rhyolite and black matrix breccia are overlain by black mudstone or graded volcaniclastic 

sedimentary rocks which are intercalated with, and grade into, mudstone. The volcaniclastic beds are 

dominated by rhyolitic fragments demonstrating that the rhyolite flow domes were also extrusive (Roth, 

1993b, 1995). Intervals of coarser rhyolite breccia associated with these clastic intervals are interpreted 

to be debris flows. The thickest accumulations of rhyolitic volcaniclastic detritus occur in the immediate 

footwall to the 21B zone clastic ore (Rye 1992; Roth, 1995), suggesting that a basin or trough developed 

in this area prior to mineralization. 

Contact Mudstone 

The Contact Mudstone occurs between the rhyolite and the overlying basalt, and is the host to 

the stratiform mineralization of the 21 A, B, C and Hanging Wall (HW) zones. The unit ranges from less 

than 1 meter to more than 60 meters in thickness (Rye, 1992; Britton et al., 1990) and consists of a 

laterally extensive, well-laminated, carbonaceous mudstone that is variably calcareous and siliceous. 

Thin siltstone, sandstone and ash beds and pyritic laminae are common throughout the mudstone. 

Radiolaria, dinoflagellates, rare belemnites and corals have been identified, indicating deposition in a 

marine environment during Aalenian to Bajocian time (Nadaraju, 1993). Radiating porphyroblasts of 

prehnite, variably altered to sericite, calcite and barite (Ettlinger, 1992) are locally abundant. These are 

generally restricted to individual beds within the contact mudstone and in mudstone intercalated with the 
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overlying basalt. These porphyroblasts may have formed as a result of contact metamorphism due to 

emplacement of basaltic sills. 

Basalt 

The hanging wall basalt is the uppermost unit in the Eskay stratigraphy, and locally exceeds 150 

meters in thickness, generally thinning southward away from the deposit (Britton et al., 1990). The basalt 

occurs as both extrusive and intrusive phases, and ranges from aphanitic to medium-grained with local 

feldspar phenocrysts. Basaltic sills and dikes are common near the base of the sequence. Where these 

intrude the argillite, their contacts are often brecciated and peperitic; in some cases, the sills merge 

laterally into a breccia that extends up to 5 meters beyond the massive basaltic body. The well developed 

mafic peperitic breccias indicate that mafic magmas were intruded into unconsolidated wet mudstone. 

Higher in the hanging-wall basalt sequence, well-preserved pillow flows and breccias, hyaloclastite, and 

basaltic debris flows with minor mudstone and rhyolite clasts are intercalated with thin argillite intervals. 

Chlorite and quartz-filled amygdules are common and tend to be concentrated at the upper contacts of 

basalt flows (Rye, 1992). 

Intrusive Rocks 

Several intrusions are exposed in the Eskay Creek area. The largest is a monzodiorite sill or 

stock, called the Eskay Porphyry, which is exposed in the core of the Eskay anticline (Fig. 2.2). The 

Eskay Porphyry has a U-Pb zircon age of 184 +5/-1 Ma (Macdonald et al., 1992; Childe, 1996), and 

therefore predates the age of the Eskay rhyolite and mineralization in the 21 Zone by 5-10 million years. 

On the west limb of the anticline, intrusive felsic rocks form a series of prominent, gossanous 

bluffs extending about 7 kilometers to the south of the Eskay Creek deposit (Fig. 2.2). The intrusive rocks 

cut the mine stratigraphic succession and reach their highest stratigraphic level directly below the 21 

zone (Edmunds and Kuran, 1992; Bartsch, 1993b). They are aphanitic and strongly altered to an 

assemblage of quartz, pyrite, potassium feldspar and minor sericite. Geochemically, the felsic intrusive 

rocks are indistinguishable from the rhyolite (Rye, 1992; Bartsch, 1993b; Roth, 1993b). Bartsch (1993b) 

suggested these intrusive rocks may represent feeder dikes to a linear rhyolite flow-dome complex. 

Based on additional drill information, Edmunds et al. (1994) suggested that they represent a sill-like 

feature. 
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Mafic dikes and sills cut the footwall and hanging wall stratigraphy around Eskay Creek, and are 

geochemically indistinguishable from the hanging wall basalts (Rye, 1992; Bartsch, 1993b; Roth, 1993b). 

The mafic dykes within the footwall stratigraphic succession are significantly less altered than the 

surrounding host rocks. 

Primary Geochemistry of the Volcanic Rocks 

The volcanic rocks in the lower part of the Hazelton Group are mainly intermediate in composition 

with a calc-alkaline magmatic affinity (Rye, 1992; Marsden and Thorkelson, 1992; Bartsch, 1993b). These 

rocks, and interbedded sedimentary units, were deposited over an extended time period in the Early 

Jurassic, from about 200 to 180 Ma, in an arc environment which is interpreted to have consisted of 

emergent volcanic edifices and intervening basins (Macdonald et al., 1996). Both the environment and 

nature of magmatism changed with the deposition of the upper part of the Hazelton Group in the Middle 

Jurassic. 

At Eskay Creek, the footwall rhyolite is severely altered, but immobile trace element ratios (Ti, Zr, 

Nb and Y) and rare earth element (REE) patterns indicate that it was of near-uniform composition prior to 

alteration (Fig. 2.4). Zr/Y ratios and R E E data suggest that the Eskay rhyolite is of tholeiitic affinity and is 

similar in chemistry to other Phanerozoic rhyolites related to V M S mineralization in which the volcanism is 

interpreted to reflect rifting of a continental margin. An extensional rifting environment is also postulated 

for the upper part of the Hazelton Group (Macdonald et al., 1996), although the basement in this case is 

dominated by the older arcs of the Stikine terrane. The R E E patterns of least altered Eskay rhyolite are 

also similar to the Fill-type rhyolites of Lesher et al. (1986) which host some Archean V M S deposits in the 

Superior Province. 

Trace element and R E E geochemistry of the basalt in the hanging wall at Eskay Creek 

demonstrates that they are of tholeiitic affinity and were derived from relatively unfractionated mantle 

melts of N - M O R B character, possibly with a small E - M O R B component (Barrett and Sherlock, 1996). The 

chemistry of the basalts is consistent with a rifting rather than a subduction-related tectonic setting. 
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Figure 2.4: (a) Al203 versus Ti02 plot. The immediate host rocks in the 21 Zone consist of rhyolite footwall 
and basalt hanging wall (with some 10 to 20 meters of intervening mudstone and fine 
sandstone). Least-altered rhyolites are strongly fractionated, with very low Ti02 contents. 
Although most rhyolites are altered in the vicinity of the 21 Zone deposits, immobile element 
ratios involving Al, Ti and Zr remain essentially unchanged (with very few exceptions), and 
indicate that all of the altered rocks are derived from essentially one precursor composition. 
The mafic rocks are unaltered to weakly altered. Rhyolites with mass gain have been variably 
affected by silica addition, which in some cases represents more than half of the analysed 
rock. Mass loss occurs in zones of strong sericitization and/or chloritization, where large 
losses of Si, Na and Ca more than offset smaller gains in K, Fe and Mg. (b) Y versus Zr plot. 
The Zr/Y ratios of both the basalts and rhyolites suggest that they are of tholeiitic magmatic 
affinity (this assessment is corroborated by REE data and other immobile trace element 
ratios). The rhyolites show wide variations in absolute Y and Zr values due mainly to mass 
gain-loss effects (as also evident shown in Fig. 4a). In a few extremely chlorite-altered 
rhyolites, some mobility of Y has occurred, (c) Chondrite-normalized REE plot. Eskay basalts 
have near-flat patterns indicating that they are relatively unfractionated mantle melts (normal 
MORBs would show moderate depletion in the light REE). This is also supported by their 
relatively high MgO, Cr and Ni contents. The rhyolites have high overall REE contents with 
slight enrichment in the light REE. Rhyolites with these features occur in rifted continental-
margin and some rifted-arc settings. They could be generated by melting of relatively 
primitive lower crust, although other explanations are possible. Although least altered 
rhyolites have moderate negative Eu anomalies, the anomalies have been enhanced by 
alteration in many samples. (From Barrett and Sherlock, 1996). 2 ? 



Although both the rhyolite and basalt at Eskay Creek are of tholeiitic affinity, the relationship 

between their source magmas is uncertain. Barrett and Sherlock (1996) noted that differences in certain 

immobile element ratios between rhyolites and basalts are inconsistent with the derivation of the rhyolite 

solely by fractional crystallization of the basalt. As an alternative, they suggest that the rhyolite may have 

been derived from the partial melting of crustal rocks of tholeiitic affinity. Regardless of the relationship 

between the Eskay basalt and rhyolite, their affinity is different from the transitional and calc-alkaline 

affinities typical of regionally correlative rocks, and also volcanic rocks deeper in the Eskay Creek 

footwall. These observations support the inferred regional change from an arc setting to an extensional 

environment during the Middle Jurassic (Macdonald et al., 1996) and suggest a more focused source of 

primitive magmas was tapped in the Eskay area, possibly related to deep extensional structures. 

Alteration 

Host rocks in the footwall rhyolite and underlying volcanic rocks of the 21 Zone stratiform 

mineralized zones are strongly to intensely altered with few primary textures remaining (Ettlinger, 1992; 

Bartsch, 1993b; Barrett and Sherlock, 1996). 

Alteration in the footwall volcanic unit commonly comprises pervasive quartz-sericite-pyrite-

potassium feldspar±chlorite. Zones of intense alteration are associated locally with sulfide veins including 

pyrite, sphalerite, galena and chalcopyrite. 

In the footwall rhyolite, alteration assemblages vary greatly over short distances. Rhyolite lateral 

to the area of stratiform ore is typically altered to K-feldspar with moderate silicification. This type of 

alteration also occurs in the deeper parts of the footwall beneath the 21 zone. Fractures cutting through 

K-feldspar-silica altered rhyolite typically have sericitic alteration envelopes, often with very fine-grained 

pyrite. Chlorite appears in and around the fractures as the alteration becomes more intense. The most 

intense alteration occurs near the upper contact with stratiform mineralization, as a tabular blanket of 

pervasive chloritization and sericitization. Within this zone, Mg-chlorite has completely replaced the 

precursor rhyolite to form a dark green, waxy rock consisting of clinochlore. 

The tabular shape of the intense chlorite-sericite alteration zone below the stratiform 

mineralization coincides spatially with a thickening of volcaniclastic rhyolitic rocks in the immediate 
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footwall of the 21B zone and extensive brecciation in the upper portion of the rhyolite (deeper portions of 

the rhyolite are dominated by massive to flow banded facies). The tabular zone of intense alteration 

therefore may be situated where increased permeability in the fragmental and brecciated rocks allowed 

greater access to hydrothermal fluids, and provided a greater surface area for fluid-rock interaction. 

The rhyolite locally contains a black, carbon-rich material which is accompanied by silicification. 

This style of alteration occurs under the north end of the 21B zone (associated with the 109 zone) and 

locally under the south end of the 21B zone (not associated with mineralization). However it has not been 

observed under the bulk of the deposit. Where the carbon-rich alteration is pervasive and it affects flow-

banded rhyolite, the banded texture is strongly enhanced. Locally the carbon alteration produces wispy to 

dendritic textures. In the 109 zone, some of the carbon was remobilized into younger quartz veins during 

later silicification. 

Rare earth and trace element studies have shown that virtually all of the rhyolite in the footwall of 

the 21 zone was derived from a single precursor (Barrett and Sherlock, 1996). The alteration of the 

rhyolite resulted in strong chemical changes which range from net mass gain in silicified zones to net 

mass loss in sericitized and chloritized zones. The deposition of quartz in open spaces within porous 

rhyolite and cross-cutting quartz veins has resulted in significant net mass gains relative to the unaltered 

precursor. Zones of extreme chlorite-sericite alteration show a net mass loss (addition of MgO and K 20, 

but major depletion of Si02). The chlorite-sericite alteration is interpreted to reflect areas where seawater 

was drawn laterally into discharging relatively acidic fluids; clinochlore formed where seawater influx 

dominated for a sustained interval while sericite formed where ascending hydrothermal fluids dominated 

(Barrett and Sherlock, 1996). The K-feldspar-silica alteration is interpreted as having formed in response 

to cooler, near-neutral conditions peripheral to, or below, the main feeder zones. 

In general, the hanging wall basalt is weakly altered chemically. In areas of moderate chlorite-

sericite alteration, the basalts exhibit lower Na and Ca and higher K and MgO than unaltered equivalents 

(Table 2.2; Macdonald et al., 1993; Barrett and Sherlock, 1996). 
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Table 2.2: Average values for major and trace elements in least altered rhyolite and basalt at Eskay 
Creek. 

Major Elements 
Rock S i0 2 TiOz A l 2 0 3 Fe 2 0 3 MgO CaO Na 20 K 20 

% % % % % % % % 
B a s a l t 1 46.22 1.65 15.57 12.22 6.03 8.26 3.93 4.93 
R h y o l i t e 2 75.98 0.07 13.20 1.51 0.68 0.35 4.64 2.14 

Trace Elements 
Rock Cu Ni V C r 2 0 3 

Zr Y Nb Sr 
ppm ppm ppm ppm ppm ppm ppm ppm 

B a s a l t 1 48 77 342 3 5 4 78 3 7 3 2 00 
Rhyo l i t e 2 

i . . 
14 6 4 8 8 3 192 8 8 44 29 

1 Least altered values in basalt were calculated from 3 samples: C-93-714: 131.2, C-93-714: 141.4 and U-60: 43.9 
2 Least altered values in rhyolite are from Rye, 1992. 

Mineralization 

Several styles of mineralization are present in the Eskay Creek area. Early exploration efforts 

were focused on precious metal mineralization in sulfide veins within the rhyolite, felsic intrusions and the 

footwall volcanic unit. Following the recognition of the important stratiform mineralization in the 21 Zone, 

drilling for more than a kilometer to the north of the discovery holes outlined several styles of stratiform 

and discordant mineralization. These can be subdivided (Edmunds et al., 1994) into a number of zones 

which reflect varying locations, mineralogy, textures, and'precious metal grades (Fig. 2.5, Tables 2.1 and 

2.3). Due to the complexity of these mineralized zones, the nomenclature applied to some of the 

mineralized zones has varied somewhat during the past eight years as the number of geologists studying 

the deposit and the amount of available information increased. In this review, some new terms, such as 

the East Block, are presented to clarify the nature of the mineralized zones as they are currently 

understood. As mining and drilling in and around the Eskay Creek deposit proceeds, the nomenclature 

may continue to evolve further. 

The spatial distribution of the mineralized zones within the Eskay Creek 21 Zone.as they are 

currently understood, is shown in Figures 2.3 and 2.5. The 21 A, 21B and 21C zones occur at the same 

stratigraphic horizon, within carbonaceous mudstone at or near the contact with the underlying rhyolite 

sequence (Fig. 2.3). The bulk of the ore in the Eskay Creek mine is hosted in the stratiform 21B zone. 

Fault-complicated mineralization, possibly related to the 21B zone, occurs in the East Block and NEX 

zones. The Hanging Wall (HW) zone occurs stratigraphically above the north end of the 21B zone, also 
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Table 2.3: Summary of mineralization styles in the Eskay Creek 21 Zone 

Zone Associated Characteristics Stratigraphic Position 
elements 

2 1 A A s - S b - H g - A u - A g Strat i form lens of m a s s i v e to s e m i - m a s s i v e 
su l f ides (realgar, stibnite, c innabar , 
arsenopyr i te) under la in by d i s s e m i n a t e d 
st ibnite, ar senopyr i te, tetrahedr i te a n d 
ve in lets of pyrite, sphaler i te, g a l ena , 
tetrahedrite, ± cha lcopyr i te . 

strat i form at b a s e of contact 
muds tone ; over ly ing 
d i s co rdant minera l i zat ion 
within rhyolite 

2 1 B A u - A g - Z n - P b - C u - S b Strat i form, b e d d e d c las t i c su l f ides a n d 
su l fosa l t s inc luding: spha ler i te, tetrahedr i te -
freibergite, Pb - su l fo sa l t s ( inc luding 
boulanger i te, boumon i te , j ameson i te ) , 
st ibnite, ga lena , pyrite, e lec t rum, a m a l g a m . 

strat i form, at b a s e of contact 
mud s t one 

Ea s t B l ock A g - A u - Z n - P b - C u F ine -g ra ined m a s s i v e to local ly c las t i c 
su l f ides a nd su l fosa l ts . M a s s i v e pyr ite-
f looding in rhyolite g rad ing upward s into 
m a s s i v e su l f ides a nd su l fosa l t s . 

within fau l t -bounded block, 
main ly at contact be tween 
rhyolite a nd muds tone 

N E X A u - A g - Z n - P b - C u S im i l a r to the Ea s t B l o ck a n d local ly the 2 1 B 
zone , with fewer su l fosa l t s a nd loca l 
overprint of cha lcopyr i te str ingers. 

strat i form, at b a s e of contact 
mud s t one 

2 1 C B a (Pb -Zn -Au -Ag ) B e d d e d m a s s i v e to b l aded barite a s s o c i a t e d 
with ve ry f ine-gra ined d i s s e m i n a t e d su l f ides 
inc lud ing pyrite, tetrahedrite, spha le r i te a n d 
ga lena . Under l a in by l oca l i zed z o n e s of 
cryptic, d i s s em ina ted , p rec i ou s -meta l 
bear ing minera l i zat ion in the rhyolite. 

strat i form, at b a s e of contact 
muds tone ; a nd d i scordant in 
the rhyolite 

Hang i ng W a l l 
(HW) 

P b - Z n - C u M a s s i v e , f ine-gra ined s t r a tabound su l f ide 
lens dom ina ted by: pyrite, spha ler i te, 
ga lena , & cha lcopyr i te (mainly a s str ingers) 
Th i s z o n e ha s genera l l y lower go ld - s i l ver 
g r ade s a nd h igher b a s e meta l s re lat ive to the 
21 zone s . 

within contac t muds tone ; at a 
h igher strat igraphic level than 
the 21 z o n e s 

P u m p h o u s e & 
Pathf inder 

F e - Z n - P b - C u V e i n s of pyrite, sphaler i te, g a l ena , a n d 
tetrahedrite. C o m m o n l y banded ; local ly with 
co l lo form textures. L oca l z o n e s of very f ine
g ra ined minera l i zat ion in rhyolite. 

d i scordant , within rhyolite; 
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Figure 2.5: Plan view of the spatial disribution of the mineralized subzones within the Eskay Creek 21 zone 
(modified from Edmunds and Kuran, 1992). Refer to the text and Table 2.3 for a description of 
each zone. 
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within mudstone, and is locally cut by unmineralized basaltic dikes and sills. Discordant, disseminated 

and vein-style mineralization is present in the rhyolite footwall below and adjacent to the 21B zone in the 

Pumphouse-Pathfinder and 109 zones (Fig. 2.3). Mineralization in rhyolite also occurs in the immediate 

footwall of the 21A and 21C stratiform zones. 

21A Zone 

The 21A zone is a small, Au-Ag-rich sulfide lens located approximately 200 meters south of the 

21B orebody (Fig. 2.5) on the flank of a small (50 x 70 meters) depression in the rhyolite-mudstone 

contact. Mineralization in the 21A zone averages 10 meters in thickness and is bounded on the east by a 

probable growth fault (Roth and Godwin, 1992; Roth, 1993b). The 21A zone contains an estimated 

resource of 1.06 million tonnes grading 8.9 g/t Au and 96 g/t Ag (Table 2.1; Britton et al., 1990). A 

discontinuous stockwork of intense Mg chlorite alteration in the rhyolite forms a pipe which underlies the 

stratiform mineralization. 

The lens consists of semi-massive to massive stibnite-realgar±cinnabar±arsenopyrite which are 

hosted in mudstone at the contact with underlying rhyolite. The lens locally contains angular mudstone 

fragments. Disseminated stibnite, arsenopyrite and tetrahedrite occur in the immediate footwall of the 

sulfide lens within intensely sericitized rhyolite. Cinnabar occurs mainly in late fractures cutting the sulfide 

lens, the surrounding mudstone, and locally the underlying rhyolite. Realgar-calcite veinlets locally cut the 

mudstone in a restricted area adjacent to the sulfide lens. 

21B Zone 

The 21B zone is a stratiform tabular body of Au-Ag-rich mineralization which is about 900 meters 

long, 60 to 200 meters wide and locally in excess of 20 meters thick. The ore comprises beds of clastic 

sulfides and sulfosalts with variable amounts of barite, rhyolite and mudstone clasts. Gold and silver 

occur as electrum and amalgam with silver mainly occurring in sulfosalts. In the thickest, proximal part of 

the orebody, pebble to cobble-sized clasts occur in thick beds overlying rhyolite. The thick-bedded, 

coarse-grained sulfide-sulfosalt beds form a northward trending channel. The beds rapidly grade laterally 

into thinner, finer grained, clastic beds and laminations. In the core of the deposit, stibnite occurs locally 

as veins and replacement of the clastic ore. 
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The clasts dominantly consist of sulfides and sulfosalts including sphalerite, tetrahedrite, 

freibergite, various lead-sulfosalts (including boulangerite and bournonite), galena, pyrite, and rare 

electrum or amalgam. The proportion, texture and grain size of sulfide-sulfosalt minerals is variable 

between clasts and between beds. Individual beds may be variably dominated by sphalerite or sulfosalts. 

Locally, banded sulfide fragments are observed, suggesting formation in a sulfide mound or chimney 

which was subsequently fragmented and reworked. Pervasively sericite-chlorite altered rhyolite and 

mudstone clasts are common in the sulfide-sulfosalt rich debris. Imbricated, laminated mudstone rip-up 

clasts have been observed locally at the base of the clastic sulfide-sulfosalt beds, indicating turbiditic 

emplacement of some beds (Fig. 2.6). 

Barite clasts are present in some sulfide-sulfosalt beds, often in close association with calcite. In 

general, barite clasts are more common towards the north end of the deposit. In one area within the 21B 

zone, several meters of massive, mottled barite were intersected in drillcore. Adjacent drillholes showed 

no barite accumulation, indicating that the lateral dimension of the massive barite could be no more than 

10 meters in diameter. This suggests the formation of barite mounds was active locally within the 

depositional sub-basin. Locally, beds of massive and clastic, reworked barite occur within the bedded 

sulfide-sulfosalt sequence. These beds, comprising barite and calcite, are generally found near the base 

of the ore and range from 10 centimeters to 1 meter in thickness. These baritic horizons are typically low 

in precious metals. 

Facies variations laterally and vertically in the 21B zone are defined by changes in clast size, 

composition and bedding thickness (see examples in Fig. 2.6). Clast size and bed thickness typically 

decrease stratigraphically upwards, progressively thinning to fine laminations and disseminations of 

sulfides and sulfosalts. Thick, clastic, ore beds, each up to 1 meter thick, near the base of the sequence 

commonly appear amalgamated (uninterrupted by intervening mudstone). These accumulations of clastic 

sulfides and sulfosalts may have formed by deposition from successive debris flows or turbidites, 

whereby the upper portion of existing beds were truncated and removed by the subsequent flows. Beds 

of intercalated black mudstone generally become thicker (up to 1 meter) toward the top of the ore 

sequence as sulfide-sulfosalt beds become progressively thinner (decreasing to fine laminations 

1 millimeter thick). In the coarsest beds, near the base of the ore sequence, sulfide-sulfosalt cobbles 

locally reach 10 centimeters in diameter. More typically, the base of the sequence 

29 



Figure 2.6 : Examples of clastic sulfide-sulfosalt ore from the 21B zone. Scale bar = 2 cm. a) Imbricated 
laminated mudstone rip-up clasts at the base of a coarse, clastic heterolithic ore bed. The 
lighter fragments comprise mainly honey coloured sphalerite. Grey fragments are mudstone 
and chloritized rhyolite; b) Unsorted, coarse heterolithic ore bed from the core of the 
orebody, containing angular to subrounded fragments of fine-grained sulfides and sulfosalts, 
chloritized and sericitized rhyolite and mudstone; c) Bedded clastic sulfides and sulfosalts in 
mudstone from an area laterally adjacent to the coarse, clastic core of the deposit; d) Thin, 
graded beds of sulfides and sulfosalts showing load and flame structures at the base of the 
beds, and small entrained mudstone fragments within the beds. 
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near the core of the deposit contains poorly sorted ore fragments up to 2 centimeters across. The size of 

the sulfide-sulfosalt clasts rapidly decreases upwards to <1 to 5 millimeters near the top of each graded 

bed and overall towards the top of the ore sequence. Sedimentary structures are locally well preserved in 

the sulfide-sulfosalt beds, with load and flame structures at the base of some beds. Successive clastic 

ore beds may be alternately graded or ungraded, and poorly to well sorted. 

The precious metal grades generally decrease proportionally with the decrease in total sulfides 

and sulfosalts. In most places there is a relatively abrupt vertical transition (<1 meter thick) between the 

last ore lamination and barren mudstone(<1 g/t) containing no visible sulfides other than minor pyrite 

laminations. However, ore-grade values locally persist into macroscopically barren mudstone above the 

last visible sulfide-sulfosalt lamination. Precious-metal-enriched mudstone in these areas usually contains 

microscopically disseminated sulfides and rarely, tiny specks of visible gold. The silver values in these 

areas are usually low, relative to the rest of the 21B zone, due to the lack of sulfosalts. 

The clastic ore beds also show lateral facies changes similar to the vertical changes described 

above. The thick, amalgamated, coarse-grained sulfide-sulfosalt beds grade laterally (generally over less 

than 10 meters) into finer-grained, thinner beds, generally 1 to 10 centimeters thick, which are usually 

separated by 1 to 10 centimeters of mudstone (Fig. 2.6). The geometry of the thickly bedded ore 

suggests that the coarser sulfide-sulfosalt clasts were deposited in a northward-trending channel. The 

adjacent, thinner, finer-grained ore beds were probably deposited on the margins of this channel. More 

distally, the sulfide-sulfosalt beds thin to very fine laminations with increasing thicknesses of intervening 

mudstone. Locally, ore-grade precious metal mineralization on the margins of the orebody is hosted in 

fine-grained sulfides disseminated in black mudstone. This is similar to the macroscopically barren 

mudstone described above, which occurs above the clastic ore beds in some areas. 

The ore horizon is remarkably continuous over several hundred meters of strike length, but 

individual sulfide-sulfosalt or mudstone beds cannot be traced for more than about 10 meters. This lack of 

local continuity may be due to both primary depositional processes and the subsequent structural 

overprint. Both the northward-trending main channel and smaller-scale channels may have restricted the 

areal distribution of some of the clastic beds. In addition, numerous faults, some of which are shown in 

Figure 2.2, dissect the 21 zone and locally drag the ore into the fault gouge. Individual ore beds are 
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locally boudinaged or truncated by narrow faults subparallel to cleavage. Offsets along these faults are 

typically on the order of centimeters to a few meters. Larger graphitic fault zones, subparallel to bedding, 

commonly truncate the upper limit of the ore. On a smaller scale, the primary sedimentary textures are 

obscured in some areas by penetrative cleavage associated with folding of the Eskay Anticline, which has 

also variably flattened the sulfide-sulfosalt clasts parallel to cleavage. Finally, sulfosalts are recrystallized 

at the microscopic scale, which commonly obscures the clastic texture. The complete textural 

preservation of the full vertical succession from thick, coarse clastic sulfide-sulfosalt beds at the base of 

the ore zone to thin laminations at the top has been seen in a only few drill holes. 

Stibnite also occurs within the 21B zone. It is generally restricted to veinlets and stringers which 

crosscut bedding, as rims on sulfide-sulfosalt clasts, and as complete replacements of individual beds 

within the clastic ore. The zone of stibnite replacement is generally confined to the central, thickest part of 

the 21B orebody, suggesting a locus of late hydrothermal activity spatially related to the original feeder 

conduit. Relict sphalerite grains, aligned parallel to bedding, are locally observed within massive stibnite 

"beds". Rarely, the stibnite is accompanied by cinnabar. Precious metals do not appear to have been 

introduced with the stibnite, and commonly, zones where stibnite has pervasively replaced the 

mineralization may be subeconomic by Eskay Creek standards; i.e., grades are considerably lower than 

those typical of thickly bedded sulfides and sulfosalts in the core of the deposit (on the order of 200 g/t Au 

and 20,000 g/t Ag). 

East Block 

Near the north end of the 21B zone, precious metal-rich mineralization extends over the top of 

the anticline and is caught up in a series of parallel north-south faults of the Pumphouse and Pathfinder 

fault zones. Within this fault block lies a complicated zone of mineralization that was originally termed the 

Pathfinder zone (Edmunds and Kuran, 1992; Edmunds et al., 1994) and is currently referred to, by mine 

staff, as the #8 Stope-East Limb area. Because this zone of mineralization was initially thought to 

represent discordant mineralization hosted mainly in the footwall rhyolite, the term "Pathfinder Zone" has 

been applied by several workers (Roth, 1995; Sherlock et al., 1994a, b; Childe, 1996; Barrett and 

Sherlock, 1996) to discordant vein-style mineralization in the same area that may be related to discordant 

mineralization in the Pumphouse Zone, further to the south. In view or recent underground observations, 

the term East Block mineralization will be used in this review. 
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The East Block is a complexly folded and faulted zone of precious metal-rich mineralization that 

appears to occur in a steeply dipping, fault bounded slab of mudstone, massive pyrite, and chloritic and 

sericitic rhyolite located immediately east of the Pumphouse fault (Edmunds et al., 1994). Early drill 

results indicated that this zone was hosted mainly in rhyolite and represented a discordant zone of 

mineralization which may have been a feeder to the 21B zone. However, further drilling suggested that 

the mineralization was stratabound or stratiform at the same horizon as the 21B zone (Edmunds and 

Kuran, 1992). Some of the mineralization is similar to that in the 21B zone, however the bulk of it is 

steeply dipping and dominated by fine-grained, massive sulfosalts that grade downward into massive 

pyrite. Ore-grade concentrations of precious metals are confined mainly to the sulfosalt-rich portion of the 

mineralization. The Ag/Au ratio in this zone is about 100 times that in the 21B zone. The sulfosalts are 

commonly overprinted by stringers of chalcopyrite and fine-grained mixtures of chalcopyrite, galena and 

sphalerite. Fine-grained pyrargyrite occurs locally in hairline fractures cutting mudstone and hosts ore-

grade mineralization. This style of mineralization is generally difficult to see; it resembles a fine, dark-

reddish dust on the surface of the fracture. The textures in the East Block mineralization suggest that the 

pyrite and fine-grained sulfides and sulfosalts were introduced by replacement processes, perhaps 

controlled along early faults. 

NEX Zone 

Surface drilling in 1995 led to the discovery of the North Extension (NEX) zone. This zone occurs 

at the nose of the Eskay Anticline; its geometry is complicated by a number of faults associated with the 

fold closure and is still poorly understood. Textures, mineralogy and precious metal grades in the NEX 

zone are somewhat variable and locally similar to those in the East Block. In some places, the 

mineralization resembles distal parts of the 21B zone; however, pyrite and chalcopyrite are more 

prevalent and Sb-Hg rich minerals are less common. Chalcopyrite occurs mainly in stringers that 

overprint earlier clastic mineralization and which are probably related to the formation of the HW zone, 

discussed below. Much of the pyrite may also have been introduced during this later event. The formation 

of the NEX zone is probably synchronous with the formation of the 21B zone and also related to 

replacement synchronous with mineralization in the East Block. 
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21C Zone 

The 21C zone comprises mainly stratabound to stratiform barite-rich mineralization with 

associated disseminated base and precious metal-rich mineralization in the rhyolite footwall. The 21C 

zone has not yet been fully evaluated and is poorly understood. It occurs at the same stratigraphic 

horizon as the 21B zone and is down-dip and subparallel to it. The two zones are separated by a barren 

interval of contact mudstone. 

Mineralization in the 21C zone is generally associated with mottled barite-calcite ±tetrahedrite 

beds in and near the base of the contact mudstone. Locally, the mudstone is brecciated and infilled with 

sulfides including sphalerite, pyrite, galena and tetrahedrite. Precious metal grades are variable. 

Mineralization in the underlying rhyolite forms a cryptic tabular body, subconcordant to 

stratigraphy. The mineralization is not visible macroscopically and the rhyolite looks like much of the 

surrounding unmineralized host rock, apart from containing 1 to 2% very fine-grained pyrite and traces of 

sphalerite, tetrahedrite and galena (Edmunds et al., 1994). However, drill holes intersecting this visually 

unspectacular zone of mineralization may contain intervals with over 35 g/t Au. Sericitically altered 

rhyolite in the footwall to the 21 zone contains similar quantities of sulfides, without elevated precious 

metal values. 

Hanging Wall Zone 

At the northern end of the 21B zone, a second interval of stratiform massive sulfide 

mineralization, the HW zone, is present within the contact mudstone stratigraphically above the north end 

of the 21B zone. The geometry of the HW zone is disrupted by fault structures associated with the fold 

closure. Texturally the HW zone is more typical of classical massive sulfide deposits. Sulfides are 

typically fine grained, finely banded, and consist of semi-massive to massive pyrite, sphalerite, galena, 

chalcopyrite and tetrahedrite. Whereas the sphalerite in the 21B zone has a pale honey yellow colour, the 

sphalerite in the HW zone is generally reddish to brown, suggesting a higher iron content. Overall, the 

HW zone contains lower precious metal grades than does the clastic 21B ore (Table 2.1). However, 

where tetrahedrite (± other sulfosalts) is locally dominant, the precious metal grades are significantly 

higher. 
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Pumphouse and Pathfinder Zones 

The Pumphouse and Pathfinder zones are discordant zones of diffuse vein and disseminated 

sulfide mineralization hosted in rhyolite underlying the 21B zone. Precious metal grades are generally 

lower than in the other zones. Patchy sulfide mineralization is observed locally throughout the rhyolite 

immediately underlying the 21B zone mineralization. The veins comprise mainly pyrite, sphalerite and 

galena with lesser sulfosalts such as tetrahedrite. The occurrence of chalcopyrite increases with depth. In 

general, sphalerite in footwall veins is darker in colour than sphalerite within the 21B zone, indicating a 

higher iron content. Colloform banding of pyrite has been observed locally, suggesting open-space filling 

of the veins. Locally, footwall mineralization is characterized by areas of extremely fine-grained 

disseminated sulfides enriched in precious metals, similar to the footwall mineralization described below 

the 21C zone. The Pumphouse and Pathfinder zones are believed to be associated with the hydrothermal 

feeder system which formed the sulfides of the 21B zone. The geometry of these zones is still somewhat 

poorly understood as their limits are currently defined by the grade of precious metal and the economic 

cutoffs. 

109 Zone 

The 109 zone is named after its discovery hole which intersected 61 meters of 99 g/t Au and 29 

g/t Ag (Edmunds et al., 1994). This zone is characterized by a distinctive, siliceous stockwork of 

crustiform quartz veins with coarse-grained, zoned sphalerite, galena, minor pyrite and chalcopyrite 

(Blackwell, 1990; Sherlock et al., 1994a). The zone occurs entirely within the rhyolite underlying the north 

end of the 21B zone and the HW zone. The 109 zone is associated with abundant black carbonaceous 

material disseminated throughout the rhyolite and locally remobilized into the quartz veins. Gold and 

silver occur in electrum and sulfosalts. 

Summary of Mineralization 

At Eskay Creek, stratiform mineralization is hosted by the contact mudstone whereas discordant 

mineralization is hosted mainly by the footwall rhyolite. Because exploration and development have 

focused on the 21B zone, mineralization in the other zones is less well understood. 

The 21B zone shows textural evidence for the clastic deposition of sulfides and sulfosalts with 

associated precious metals. The thickest accumulation of clastic ore in the 21B zone occurs above an 
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accumulation of volcaniclastic rocks near the top of the underlying altered and mineralized rhyolite. The 

clastic ore appears to have been deposited in a northward trending basin or sub-basin that may have 

been controlled by synvolcanic faulting. Coarse clastic sulfides were deposited in the center of the basin 

with finer-grained material on the margins. Mineralized beds grade out rapidly to the east and west, 

across the trend of the basin, but less rapidly along the trend of the basin. Surface exposures of the 

contact mudstone, as little as 60 meters up-dip from the 21B zone, are unmineralized. A similar change 

from coarse to fine clastic ore beds also occurs stratigraphically upwards through the 21B zone. The 

sedimentary textures in successive sulfide-sulfosalt beds vary considerably, suggesting a variety of 

mechanisms were active, to emplace the clastic ore beds. The intervening mudstone beds are a mixture 

of lithified pelagic and volcaniclastic sediment and often contain pyrite-rich laminations. The ocurrence of 

pelagic mudstone between successive ore beds indicates that sulfide-sulfosalt debris was emplaced into 

the basin by episodic events, separated by intervals of unknown duration. The accumulation of ore beds 

was nonetheless sufficiently rapid that the host mudstones remained unconsolidated, at least until the 

intrusion of basaltic dikes and sills. 

The other stratiform zones (21 A, 21C, NEX) show some of the sedimentary clastic features of the 

21B zone, although stibnite, realgar and cinnabar are more abundant in the 21A zone, and barite is more 

abundant in the 21C zone. The HW zone differs from the other stratiform zones; it occurs at a higher 

stratigraphic level within the contact mudstone, is relatively chalcopyrite-rich and is characterized by 

massive to semi-massive sulfides. Chalcopyrite-rich stringers in the NEX zone and the East Block area 

suggest that some of the Cu in these areas was introduced relatively late, although the relationship 

between these stringers and the HW zone is unknown. 

Discordant mineralization of the Pumphouse, Pathfinder and 109 zones (Figs. 2.3, 2.5) in the 

footwall rhyolite may represent feeders to stratiform mineralization in the 21 zone. The Pumphouse and 

Pathfinder zones are of similar mineralogy and may represent a single feeder system which has been 

offset along the Pumphouse fault (Fig. 2.2; Edmunds and Kuran, 1992). Sulfide mineralization occurs in 

these zones as veins and disseminations of sphalerite-pyrite -galena-tetrahedrite. The 109 zone consists 

of crustiform quartz-sphalerite ± pyrite, galena, chalcopyrite, sulfosalts and electrum veins, many of which 

also contain black carbonaceous material. The 109 zone is located stratigraphically below the HW zone, 
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but the differing mineralogy and relatively low fluid temperatures in the 109 zone (see discussion below) 

are not consistent with the 109 zone being a feeder to the HW zone. 

Hydrothermal Fluids 

Widespread hydrothermal alteration occurs in the footwall rhyolite and parts of the lower footwall 

units at Eskay Creek. Alteration in the footwall is dominated by pervasive quartz-sericite-pyrite-potassium 

feldspar ± chlorite. Early alteration in the rhyolite comprised quartz and potassium feldspar. This 

assemblage is cut by strong sericitic alteration (Bartsch, 1993b). The most intense sericite and chlorite 

alteration occurs close to the upper contact of the rhyolite, immediately below the thickest accumulation 

of felsic volcaniclastic rocks under the central part of the 21B zone. A distinct alteration style is prevalent 

in the 109 zone as fine, black carbonaceous material associated with silicification. 

The tabular zone of intense chlorite-sericite alteration below the 21B zone may reflect an area of 

focused hydrothermal discharge and mixing with seawater. The tabular geometry may reflect the 

increased permeability associated with an accumulation of volcaniclastic rocks near the top of the rhyolite 

sequence. Addition of MgO and K 20 and severe depletion of Si0 2 in zones of extreme chlorite-sericite 

alteration may have resulted from seawater being drawn laterally into discharging relatively acidic fluids. 

Zones of massive waxy clinochlore were probably dominated by the influx of seawater, whereas sericite-

rich alteration probably represents areas where ascending hydrothermal fluids were dominant. Whole 

rock 5 1 80 values from zones of quartz-K feldspar alteration in rhyolite are 11 -13 per mil compared to 8-9 

per mil for unaltered rhyolite (Barrett and Sherlock, 1996). In contrast, intensely chloritized zones have 

significantly lower 8 1 8 0 values of ~5 per mil Barrett and Sherlock (1996) have interpreted these 

differences largely in terms modal mineralogy, particularly the addition or removal of quartz. The 8 1 80 

data suggest temperatures of alteration in the 150° to 200°C range, assuming that equilibrium between 

rocks and fluids was attained. 

Fluid inclusion homogenization temperatures from discordant quartz veins in the footwall rhyolite 

and from amber sphalerite in the overlying clastic sulfide-sulfosalt beds of the 21B and 21A zones are 

uniformly low, ranging from 120 to 210°C (Sherlock et al., 1994b, c; 1999). In the 109 and 21B zones, 

homogenization temperatures average less than 150°C, whereas those in the 21A zone are slightly 

higher. Ice melting temperatures suggest fluid salinities in the range of 2.6 to 10.5 wt. percent NaCl 
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equivalent. Gas chromatography on fluid inclusion volatiles indicates overall low gas contents (<1 mole 

%) with variable C0 2 -CH 4 -N 2 ratios (Sherlock et al., 1994b,c). Ratios of C02/CH4 and C02/N2 in the fluid 

inclusions are consistent with model boiling curves, suggesting that the hydrothermal fluid underwent at 

least sporadic liquid-vapor phase separation. Calculations of fluid pressures using gas ratios and fluid 

inclusion homogenization temperatures suggest that phase separation may have occurred at water 

depths as shallow as 160 meters (Sherlock et al., 1994b). However, the calculated depth is affected by 

the partial pressures of N2 and CH 4 in the fluid inclusions. Taking this factor into account, the depth of 

water at which boiling may have occurred is probably about 1000 meters (Sherlock et al., 1999). 

Lower-salinity fluids in the fluid inclusions are consistent with typical modified seawater-dominant 

hydrothermal vent fluids (Sherlock et al., 1994b,c). However, the higher-salinity fluids have lower Br/CI 

and Na/CI ratios and higher K/CI ratios than typical seawater-dominated vent fluids. These ionic ratios 

suggest that the original seawater-dominated hydrothermal fluids were modified by the addition of salts in 

proportions consistent with magmatic ratios. This may have occurred by direct magmatic input or by 

leaching of the underlying volcanic rocks (Sherlock et al., 1994b,c; 1999). Childe (1996) has suggested 

that the lead isotopic data from mineralization at Eskay Creek is consistent with a direct magmatic 

contribution associated with Middle Jurassic rhyolitic magmatism, although a significant contribution from 

the leaching of these and other rocks is not ruled out. 

The sulfur isotope values for sulfides from the 21B, HW and footwall zones range from -3.13 to 

-0.20 per mil (Sherlock et al., 1999). These values are typical of many VMS deposits and are generally 

interpreted to reflect the reduction of seawater sulfate with the possibility of some magmatic contribution 

(e.g., Ohmoto and Rye, 1979). Cinnabar, realgar and stibnite collected from the 21A zone have heavier 

83 4S values ranging from 1.39 to 11.81 per mil. Barite from all zones ranges between 21.8 and 27.3 per 

mil. The estimated equilibrium temperatures determined from mineral pairs range between 190° and 

497°C (Sherlock et al., 1999). Most of this range is inconsistent with fluid inclusion homogenization 

temperatures, suggesting that the sulfur isotope data do not reflect equilibrium. 

The Eskay Creek Model 

Most of the significant mineralization at Eskay Creek formed on the sea floor in an active volcanic 

environment, during an interval of mainly pelagic sedimentation. Classification of the orebody as a 
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volcanic-associated or volcanic-hosted massive sulfide deposit is therefore appropriate. Unusual features 

of the deposit (Table 2.4) include the predominance of clastic sulfide-sulfosalt mineralization, the 

extremely high precious metal grades, and the elevated levels of other elements (Sb, Hg, As). These 

features require a specialized model for the genesis of Eskay Creek mineralization, as discussed below 

and shown schematically in Figure 2.7. 

The Eskay Creek deposit formed during the waning stages of volcanism in a Lower to Middle 

Jurassic Hazelton arc. The lower footwall units at Eskay Creek are dominated by fragmental and 

tuffaceous volcanic rocks of intermediate calc-alkaline composition. Most units show evidence for 

subaqueous deposition although coarse pumiceous breccias, beds of accretionary lapilli and the 

presence of large wood fragments all suggest proximity to land. Based on geochronological and fossil 

data, these units were deposited 5-10 m. y. prior to the formation of the Eskay Creek deposit. 

In the Middle Jurassic, bimodal volcanism, which became important throughout the Iskut River 

area, is interpreted to reflect the extension and rifting of the Hazleton arc (Macdonald et al., 1996). At 

Eskay Creek, this volcanic event is marked by the emplacement of rhyolitic flow domes, the footwall 

rhyolite, and the subsequent intrusion and extrusion of basaltic magmas, the hanging-wall basalts. The 

tholeiitic geochemistry of the rhyolites and basalts in the Eskay Creek area is consistent with rifting of the 

older parts of Hazelton arc and underlying arc sequences of the Stikine terrane (Macdonald et al., 1996; 

Barrett and Sherlock, 1996). Although the rhyolites and basalts have similar tholeiitic affinities, it is not 

clear if they are comagmatic. Regardless, their distinctive chemistry at Eskay Creek, relative to regional 

volcanic rocks, suggests the importance of significant local, deep rift structures that probably also focused 

hydrothermal activity. 

Table 2.4: Summary of the dominant characteristics of the Eskay Creek deposit, including those typical 
of volcanogenic massive sulfide (VMS) deposits, and unusual characteristics, some of which 
are more commonly associated with epithermal mineralization. 

VMS characteristics Unusual characteristics 

host rocks : rhyolite footwal l ; basa l t hang ing wal l a s s oc i a t i on with S b - H g ± A s su i te 

s ubma r i ne sett ing h igh concent ra t i on s of A u - A g 

footwal l ch lor i te - ser ic i te alterat ion low tempera tu re s of fo rmat ion 

sul f ide format ion at the sea f loo r interface impor tance of c la s t i c su l f ide-su l fosa l t ore 
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R h y o l i t e f l o w d o m e s 

Figure 2.7: Block model for the development of the Eskay Creek 21 zone orebodies. a) Rifting, basin 
development, and intrusion and extrusion of rhyolite flow domes. Coarse volcaniclastic debris 
from extrusive portions of the rhyolite domes are deposited along the developing 21B zone 
trough, b) Hydrothermal activity is focused through rift faults forming chimneys and mounds 
on the seafloor. Collapse or disruption of these mounds forms clastic sulfide-sulfosalt debris 
which is redeposited in the 21B zone trough. Other smaller basins provide the sites for similar 
mineralization and barite-rich zones related to white smokers, c) The HW zone of massive 
sulfide forms higher in the mudstone stratigraphy and basaltic magmatism begins (dikes and 
flows) during the waning stages of hydrothermal activity. 4 n 



The Eskay Creek rhyolite occurs as a series of flow domes, related breccias and volcaniclastic 

rocks; it may have been emplaced from a linear fissure now marked by the dikes which form prominent 

gossanous bluffs in the footwall sequence. The occurrence of peperitic breccias flanking portions of the 

rhyolite domes indicates that domes were partly intrusive into unconsolidated pelagic sediments. 

Autoclastic breccias and volcaniclastic rocks were generated from extrusive portions of the rhyolite 

domes with debris flows being concentrated into a north trending trough or basin (Fig. 2.7a). 

The contact mudstone is carbonaceous and commonly contains pyritic laminae both in the 

immediate Eskay area and where it occurs more regionally. This suggests that an extensive reduced 

basin developed during the Middle Jurassic, probably coincident with postulated extensional rifting and 

bimodal volcanism. Peperitic breccias on some of rhyolite contacts indicate that pelagic sedimentation 

was initiated prior to rhyolitic volcanism. Microfossils in the mudstone document the submarine setting for 

the Eskay Creek mineralization, but unfortunately, neither micropaleontological data nor sedimentary 

textures and the geochemistry of the mudstone provide clear constraints on the depth of water. The 

mudstone in the Eskay area becomes more calcareous upwards, suggesting a change in basinal 

conditions. 

Basaltic volcanism in the Eskay Creek area was initiated towards the end of mudstone 

sedimentation, although its precise timing has not been established. Peperitic breccias around many of 

the basaltic dikes and sills indicate that the mudstones were unconsolidated. The presence of these 

breccias around both rhyolites and basalts suggest that the gap between rhyolitic and basaltic volcanism 

was relatively small. Regionally, the stratigraphic relationships between felsic and basaltic volcanism in 

the Upper Hazelton Group suggest that they were erupted more or less synchronously in the Iskut River 

area. 

The hydrothermal system at Eskay Creek was probably initiated soon after the emplacement of 

the rhyolite domes. The hydrothermal fluid was dominated by seawater, some of which was probably 

drawn down into the upper part of the system causing strong magnesian chlorite alteration of the rhyolite. 

Some components in the hydrothermal fluid may have been derived directly from rhyolitic magmas. 

Clastic sulfide-sulfosalt beds of the 21B zone were deposited in the north-trending trough already 

partially filled with volcaniclastic debris (Fig. 2.7b). The precise location of the source for the clastic 
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sulfide-sulfosalt material is uncertain, but the spatial association with intense alteration and mineralization 

in the footwall suggests that it was within or immediately adjacent to the trough that hosts the 21B zone. It 

is likely that the sulfides and sulfosalts formed initially in mounds or chimney structures similar to those in 

modern black smoker environments. The mineralization formed at low temperatures (120°-210°C) and 

water depths of less than 1000 meters, and possibly as shallow as 160 meters. At the temperatures 

indicated for mineralization at Eskay Creek, gold is stable as a bisulfide complex. An effective means of 

destabilizing bisulfide complexes and precipitating gold is by boiling, which would have partitioned H2S 

into the vapor phase (Seward, 1989; Henley, 1991). Boiling at relatively low temperatures may also at 

least partly explain the high contents of precious metals and the anomalous levels of Sb, Hg and As in 

the 21 Zone (cf. Spycher and Reed, 1989). 

The mound and chimney structures must have collapsed at recurring intervals, redistributing 

broken and fragmented clasts within the north-trending basin. The fragmentation of mounds may have 

resulted from a combination of: (1) physical instability due to dissolution and oversteepening, (2) 

earthquake activity, or(3) hydrothermal eruption through the mounds due to boiling in the hydrothermal 

system and overpressuring. Poorly sorted, chaotic beds may represent deposition directly from 

hydrothermal eruptions. Such a mechanism could also explain the more widespread distribution of some 

of the ore beds as a result of distal fine-grained fallout. Regardless of the importance of hydrothermal 

eruptions versus collapse and slumping, the resultant debris and turbidite flows were focused along the 

north-trending trough. Lateral facies changes reflect the geometry of the trough, whereas similar vertical 

facies changes suggest a gradual decline in hydrothermal activity during pelagic sedimentation. 

During and following the deposition of sulfide-sulfosalt beds, and burial by pelagic mudstone, the 

hydrothermal system may have evolved or became reactivated resulting in the local replacement of 

clastic sphalerite-tetrahedrite-rich mineralization in the 21B zone by stibnitelcinnabar. Precious metals 

were not introduced during this event. This late replacement of 21B zone mineralization may have 

resulted from lower temperature fluids, possibly condensates, which carried no gold and silver. 

The 21A and 21C zones show some similarities to the 21B zone, but with additional stibnite-

realgar-cinnabar and barite respectively. Although they occur at the same stratigraphic level as the 21B 

zone, the relative timing of mineralization in each zone is uncertain. These zones may represent 
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mineralization in separate sub-basins. It is possible that stibnite-realgar-cinnabar mineralization in the 

21A zone formed at the same time as the areas of stibnite replacement in the 21B zone. The local 

importance of clastic barite beds in both the 21B and 21C zones suggests that white smokers were active 

in the area, particularly in, or adjacent to the northern part of the 21B trough. 

The timing and nature of the formation of the East Block and NEX zones remains uncertain. 

Within each of these zones are areas of laminated or bedded mineralizaton that are similar in character 

and stratigraphic position to the 21B zone. However, the more massive, fine grained portions of these 

zones may represent a somewhat later hydrothermal event in which precious metal-rich sulfides replaced 

earlier stratiform mineralization along controlling fault structures. 

The HW zone occurs stratigraphically higher in the contact mudstone (Fig. 2.7c) suggesting that 

the hydrothermal system operated over a significant time period at Eskay Creek. It is not possible to 

quantify this period because the contact mudstone is a mixture of pelagic and tuffaceous material and 

hence the rate of ambient sedimentation is difficult to establish. The higher Cu content of the HW zone 

suggests that higher fluid temperatures prevailed during this stage of the hydrothermal activity. Basaltic 

dikes cross-cut the HW zone. These dikes probably fed basaltic flows interbedded with pelagic mudstone 

in the hanging wall to the HW zone (Fig. 2.7c). Weak alteration occurs in the basalts suggesting that they 

were emplaced during the waning stages of hydrothermal activity, probably less than 2 to 3 m. y. after 

rhyolitic magmatism and the initiation of the hydrothermal system. 

The environment of deposition for Eskay Creek, particularly the importance of water depths which 

may be less than 1000 meters, may explain some of the features of mineralization at Eskay Creek that 

differ from more typical VMS deposits. Neither this environment nor the resultant processes, however, are 

likely to be unique. Potential exists for the discovery of deposits similar to Eskay Creek, particularly in 

complex arc environments characterized by concurrent tectonic and magmatic activity, basin 

development, and subaerial to subaqueous conditions. In such systems, volcanism can occur in relatively 

shallow marine settings. The importance of magmatic-hydrothermal systems in such areas is uncertain, 

but such systems are likely to be active in many arc environments. Consequently, the type of 

mineralization found at Eskay Creek may be present in arc terranes that are currently known mainly for 

porphyry and related types of deposits. 
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C H A P T E R 3 

M I N E R A L O G Y , P A R A G E N E S I S A N D C H E M I S T R Y O F S U L F I D E S A N D 

S U L F O S A L T S IN T H E E S K A Y C R E E K D E P O S I T 

Introduction 

The Eskay Creek deposit is a highly unusual, polymetallic, precious-metal-rich volcanogenic 

massive sulfide and sulfosalt deposit, which consists of several smaller orebodies or subzones, 

collectively referred to as the #21 Zone. General characteristics of the #21 Zone were previously 

described by Britton et al. (1989), Blackwell (1990), Idziszek et al. (1990), Blackwell and Stewart (1991), 

Roth and Godwin (1992), Rye et al. (1993), Roth (1993b, 1995), Edmunds et al. (1994), and Sherlock et 

al. (1994, 1995), and are reviewed in Chapter 2 of this thesis (Roth et al., 1999). Continued exploration 

and definition drilling, and access to the ore since the commencement of mining in 1995, have permitted 

further delineation of geometry, mineralogy and spatial relationships in the deposit. In light of these new 

developments, the dominant characteristics of each zone are reviewed and updated in this paper (Table 

3.1; Fig. 3.1). 

Many characteristics of the deposit, such as depositional environment, host stratigraphy, 

associated alteration assemblage, and some ore textures, are analogous to Zn-Pb-Cu-(Ag)-(Au)-rich 

volcanogenic massive sulfide (VMS) deposits typical of the Kuroko district of Japan. Descriptive 

summaries and reviews of the characteristic features of these deposit types have been compiled by 

Lambert and Sato (1974), Franklin et al. (1981), Ohmoto and Skinner (1983), Franklin (1986,1995), and 

Ohmoto (1996). Characteristics of similar deposits in Australia are summarized by Large (1992). The 

Eskay Creek deposit, however, differs from other VMS deposits described in the literature in several 

respects. 

1. Gold and silver grades are an order of magnitude higher than most gold-rich VMS deposits 

(summarized by Hannington et al., 1999, and Huston, 2000), although base metal contents are 

similar. 
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Table 3.1: Characteristics of subzones in the Eskay Creek #21 deposit. Gold and silver grades are in 
ppm. 

Zone Textural characteristics Avg. Avg. 
Ag!_ 

Stratiform sulfides at base of contact argillite 

21B 

East Block 

NEX 

21C-
contact 

Pumphouse-
contact 

21E 

21A-
contact 

Bedded, clastic sulfides and sulfosalts forming a tabular orebody with 
local remobilization and replacement of early ore minerals. Localized 
late-stage overprinting by stibnite and rare cinnabar. 
Clastic to massive sulfides and sulfosalts. Uneconomic massive pyrite, 
hosted in rhyolite, grades upwards into polymetallic ore in argillite. The 
ore is structurally complex and deformed within a faulted block. 
Clastic, disseminated and massive ore lenses cut by late-stage stringers 
of chalcopyrite and galena. Disrupted by faulting. 
Discontinuous, weakly bedded to fine-grained disseminated and stringer 
mineralization in argillite. Locally sulfides fill fractures in brecciated 
argillite. 
Weakly bedded to massive, banded sulfides overprinted by Pb-
sulfosalts. 

Disseminated to massive stratiform sulfides, locally finely banded. 
Deformed and faulted. 
Massive to semi-massive As-Sb-Hg-rich sulfide lens containing argillite 
fragments. Locally banded. 

Stratiform sulfides in upper contact argillite 

HW 

21C-HW 
21C-barite 

Stratiform lens or lenses comprising disseminated to massive, fine
grained, banded to disseminated sulfides, disrupted by faults, and 
basaltic sills and dykes. Locally vuggyor corroded appearance. Occurs 
at top of contact argillite horizon, or above lowermost occurrence of 
basalt (sills). Locally grades into massive barite. 
Massive, fine-grained sulfides, often associated with barite. 
Massive barite beds, to beds of randomly oriented barite laths in 
argillite, associated with minor disseminated sulfides. Stratigraphically 
between 21C-contact and 21C-HW zones. 

Discordant ore hosted in rhyolite 

109 

21C-rhyolite 

Pumphouse-
rhyolite 

21A-rhyolite 

Multiple generations of stockwork veins and associated alteration 
characterized by silicification and amorphous carbon staining. Electrum 
mainly associated with quartz-rich veins. 
Extremely fine-grained, disseminated sulfides in intensely sericite-
chlorite altered rhyolite. 
Sulfide veinlets and disseminated sulfides in intensely sericite-
carbonate-altered rhyolite 

Stockwork and disseminated sulfides in intensely chlorite-sericite 
altered rhyolite, with increasing As-Sb-Hg towards upper contact of 
rhyolite 

70 

55 

42 

26 

38 

12 

38 

18 

12 
22 

34 

14 

16 

13 

3000 

5500 

2360 

512 

437 

593 

170 

1010 

783 
900 

33 

357 

773 

276 

1 estimated from Homestake Canada Inc., internal reports 
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stratiform ore in hanging wall 

stratiform barite-rich ore 

stratiform ore at base of 
contact argillite 

discordant ore in footwall rhyolite 

fault trace at surface 

I J cross section lines 

Figure 3.1: Plan view of resource and reserve models in the Eskay Creek #21 Zone. Cross section 
lines mark locations of sections shown in Figure 3.4. 
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2. Sulfosalt minerals, including tetrahedrite, boulangerite and bournonite, constitute a significant 

component of the ore. 

3. The deposit is enriched in elements typically associated with epithermal deposits (Sb-Hg-As) and 

locally contains minerals such as stibnite, realgar and cinnabar that are usually associated with 

epithermal hot-spring environments. 

4. The bulk of the stratiform ore is dominated by bedded, clastically reworked sulfide-sulfosalt 

fragments hosted in fine-grained, organic-rich sediments. 

In this chapter the geometry, mineralogy, textural features, mineral chemistry and metal zonation 

patterns of the Eskay Creek ore are examined. The goals of this study are to provide both i) a descriptive 

framework to allow comparison of this unusual deposit to existing models for volcanic-associated massive 

sulfide deposits and possible modern analogues, and ii) evidence for physical and chemical constraints 

on the genetic history of the deposit. The latter are discussed in Chapter 6. 

Regional Geologic Setting 

The Eskay Creek mine is located in the Iskut River area of northwestern British Columbia (Fig. 

2.1). The regional geology, stratigraphic framework, and structural geology of this area have been 

investigated by several workers including Grove (1986), Anderson (1989, 1993), Anderson and 

Thorkelson (1990), Anderson et al. (1990a, 1990b), Britton (1990), Alldrick (1991), Lewis (1992), Marsden 

and Thorkelson (1992), Bartsch (1992, 1993a, 1993b), and Macdonald et al. (1993). Biostratigraphy has 

been documented by Smith and Carter (1990), Nadaraju and Smith (1992), Nadaraju (1993), and Jakobs 

and Palfy (1994). U-Pb dates for volcanic and intrusive rocks have been determined by Anderson and 

Bevier (1990, 1991), Macdonald etal. (1992), and Childe (1994, 1996, 1997). The metallogeny of the 

area is summarized by Macdonald et al. (1996). 

The Iskut River area lies on the western margin of the allochthonous Stikine Terrane, which 

comprises Paleozoic to Mesozoic island arc assemblages overlain by basin-fill sediments of the Middle to 

Upper Jurassic Bowser Lake Group, and is intruded by the Tertiary Coast Plutonic Complex (Anderson, 

1989). The deposit is hosted within the uppermost unit of the Early to Middle Jurassic Hazelton Group 

volcanic arc sequence, which contains several different styles of mineralization that formed at different 
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positions within the evolving arc environment (Macdonald et al., 1996). Isotopic ages of volcanic and 

intrusive rocks in the Iskut River area indicate two episodes of magmatic activity in the Jurassic; the first 

from about 200 to 180Ma and the latter between 180 and 170Ma. Marine fossils preserved in siltstone 

and mudstone indicate a dominantly submarine depositional environment, however fossils of terrestrial 

plants and sequences of densely welded ash-flow tuffs are preserved regionally, reflecting partially 

emergent volcanic centers and intervening basins with variable water depth (Macdonald et al., 1996). 

The dominant structural features observed regionally are interpreted to have formed during a 

Cretaceous shortening event, characterized by upright anticlinoria and synclinoria, related thrust faults, 

and associated mesoscopic folds and foliation (Lewis, 1995). Regional metamorphism of lower 

greenschist facies affected most of the rock units (Britton et al., 1990). 

Local Geology 

The rocks hosting the Eskay Creek deposit are folded into a gently northward plunging anticline 

(Fig. 3.2), exposing a lower succession of andesite, marine sedimentary rocks, and intermediate to felsic 

volcanic rocks in the core of the anticline. This lower volcanic sequence is overlain by rhyolite, which 

forms the immediate footwall to the orebodies. The rhyolite has a U-Pb zircon age of 175 ± 2 Ma (Childe, 

1996). Carbonaceous to calcareous marine argillite, known as the 'contact argillite', overlies the rhyolite 

and hosts stratiform ore lenses. The hanging wall of the deposit consists of unaltered to weakly altered 

basaltic flows, pillow breccias, and hyaloclastite, intercalated with carbonaceous to calcareous argillite 

and overlain by turbiditic argillite, siltstone, sandstone and conglomerate of the Bowser Lake Group. The 

lower volcanic sequence is intruded by aphanitic to feldspar-porphyritic felsic rocks which are 

geochemically similar to the rhyolite (Bartsch, 1993b; Roth, 1993b, Edmunds et al., 1994; Barrett and 

Sherlock, 1996) and do not extend into the contact argillite and hanging wall. These felsic intrusive rocks 

are extensively altered and form prominent, resistant gossans in the Eskay Creek valley that attracted 

early prospectors to the area. Unaltered to weakly altered mafic dykes intrude the lower stratigraphic units 

and were feeders to the hanging wall basalt. A porphyritic monzodiorite intrusion known as the 'Eskay 

Creek porphyry' is exposed in the core of the anticline, intruding rocks of the lower volcanic sequence. 

This porphyry has been dated by U-Pb geochronology at 186 ± 2 Ma (Macdonald et al., 1992), indicating 

the porphyry is significantly older than rhyolite in the footwall of the deposit (Childe, 1996). 
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Figure 3.2: Geology of the Eskay Creek anticline and location of mineralized zones discussed in the 
text. The location of stratiform ore in the #21 zone is shown projected to surface. It occurs 
stratigraphically at the base of the contact argillite. (Geology compiled from mapping by C. 
Edmunds, D. Kuran, H. Marsden, A. Kaip, and R. Bartsch). 
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Facies variations within the Eskay Creek host stratigraphy have been described by Bartsch (1993a, 

1993b) and Edmunds et al. (1994). Massive to flow banded rhyolite is flanked and overlain by 

autobrecciated rhyolite, tuffs, hyaloclastites and reworked fragmental facies. Devitrification features such 

as perlitic cracks and spherulites are common. In the area immediately underlying the orebodies, the 

rhyolite sequence averages about 150 metres in thickness and consists mainly of massive to flow banded 

units near the base, which grade upwards into dominantly brecciated and fragmental rocks. The upper 

contact is typically gradational from tuffaceous or epiclastic facies into carbonaceous argillite, as felsic 

volcanic activity waned and pelagic deposition increased. Peperitic textures at the upper rhyolite contact 

are observed about 1 kilometre south of the orebodies, indicating intrusion into unlithified, wet sediments 

occurred locally. A sequence of reworked, graded, monolithic, rhyolitic volcaniclastic rocks up to about 30 

metres thick is recognized in the area immediately underlying the 21B zone, probably filling a localized 

depression in this area (Edmunds et al., 1994). Bartsch (1993a, 1993b) suggested that the facies 

relationships in the footwall rhyolite may represent a series of linear flow domes. 

The lithogeochemistry and alteration of the Eskay Creek host rocks have been investigated by 

Barrett and Sherlock (1996). Near the deposit, rhyolite is altered to variable proportions of sericite, Mg-

chlorite, potassium feldspar, and quartz. Intense sericite and Mg-chlorite immediately under the 21B zone 

is semiconformable, likely due to the permeability of the fragmental rocks in this area. Alteration of the 

massive rhyolite is controlled mainly along fractures. Sharply bounded, subvertical hydrothermal breccias, 

1 to 2 metres in width, are recognized locally in the rhyolite footwall under the orebodies and contain 

angular rhyolite fragments in a siliceous matrix. Extreme chlorite-sericite alteration zones likely represent 

assemblages formed proximal to the hydrothermal vent, whereas the deeper and more laterally extensive 

silica-potassium feldspar alteration represent cooler, more neutral, conditions peripheral to the main 

feeder zones (Barrett and Sherlock, 1996). 

The contact argillite horizon occurs between felsic and mafic volcanic rocks and is thickest in the 

vicinity of the stratiform Eskay Creek orebodies (Fig. 3.3), coincident with the accumulation of 

volcaniclastic rhyolite, suggesting a depositional basin was present in this area. The unit is typically black 

and contains thin, tan-coloured beds of siltstone and tuff, as well as pyritic laminations that increase in 

abundance with proximity to the orebodies. In and around the ore lenses, the argillite near the base of the 

unit has a deep black to sooty appearance, suggesting it is strongly carbonaceous. This horizon contains 



F igure 3.3: I sopach m a p of the con tac t argil l ite a r ound the #21 Zone . S t ra t i fo rm o r e b o d i e s a re s h o w n in 
out l ine (refer to F i gu re 2 for deta i l s ) and are genera l l y a s s o c i a t e d with a r e a s of i n c r e a s e d 
argil l ite t h i c kne s s . T h e t h i c kened argil l ite z o n e at the north e n d of the 2 1 B z o n e m a y be re la ted to 
st ructura l t h i c ken ing a s s o c i a t e d with the P u m p h o u s e Fau l t on the ea s t s i de of the 109 z o n e . (Mod i f i ed 
f r om comp i l a t i on by D. G a l e , H o m e s t a k e C a n a d a Inc.) 



minor siliceous and calcareous black argillite interbeds, and pale tuff beds no more than a few 

centimetres thick. The frequency and thickness of coarser sedimentary interbeds and tuffaceous intervals 

increases towards the top of the unit, but black argillite remains the dominant rock type. Stratigraphically 

upwards, the argillite appears to become less carbonaceous, and dark grey to black calcareous argillite 

beds are common. 

The overlying basaltic package is thickest near the nose of the Eskay Creek anticline (Fig. 3.2), 

where it comprises mainly pillowed to massive flows and sills, intercalated with argillite. The basaltic flows 

thin southwards on the western limb of the anticline (Lewis, 1995). Mafic dykes crosscutting the footwall 

stratigraphy are concentrated mainly in the area east of, and parallel to, the Pumphouse Fault Zone and 

increase in abundance to the north (Fig. 3.2). Mafic dykes or sills are not observed immediately under the 

orebodies, between the Pumphouse and Andesite Creek faults. The hanging wall basalt is weakly to 

moderately altered in the vicinity of the deposit (Macdonald et al., 1993; Barrett and Sherlock, 1996); 

however the absence of extensive alteration or mineralized zones in the hanging wall sequence suggests 

hydrothermal activity related to the formation of the deposit was at least waning by the onset of mafic 

volcanism. 

The stratigraphy is cut by several generations of steeply-dipping faults, dominated by two 

common orientations that strike 030 to 050°, and 145 to 155° (Fig. 3.2; Lewis, 1992). The Pumphouse 

Fault Zone and Andesite Creek Fault (Fig. 3.1) flank each side of the Eskay Creek depositional basin and 

are probably synvolcanic faults that formed a shallow graben-like structure. Movement on these faults 

was reactivated during Cretaceous deformation (Lewis, 1995). Well-developed, steeply-dipping cleavage 

fabrics strike north to northeast, parallel to the axial surfaces of folds in the area (Lewis, 1992; Edmunds 

et al., 1994). Cleavage development is dependent on lithology. Basaltic rocks generally show no 

penetrative fabrics, whereas interlayered mudstones may be strongly tectonized (Lewis, 1992). Bedding-

parallel faults are common and are formed as accommodation structures developed during folding (Lewis, 

1995). 

Geometry and Textural Characteristics of the Orebodies 

For this study, the characteristics of the Eskay Creek #21 Zone were determined by detailed 

examination of drillcore from 71 drillholes, as well as visual inspection of numerous additional ore 
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intercepts in drillcore, and mapping on surface and underground. Geometry of the orebody was modeled 

in three-dimensions using Vulcan® software to process information from over 3500 drillholes in and 

around the deposit. 

The #21 Zone is subdivided into subzones on the basis of mineralogy, mineral textures, ore 

grades, host rocks, and spatial distribution (Fig. 3.1). Stratiform sulfide lenses occur within a fault-

bounded area near the nose of the Eskay Creek anticline, extending about 1300 metres in length and 500 

metres in width. The bulk of the tabular orebodies dip 20 to 45° to the northwest, steepening to about 60° 

to the north around the fold closure at the northern extent of the deposit. Sectional views of each zone are 

provided in Figure 3.4. Representative textural variations observed in hand samples and drillcore are 

shown in Figures 3.5 and 3.6. 

The geometry of each subzone described in this study is defined on the basis of economic cut-off 

grades established during exploration, feasibility assessment, and mining of the Eskay'Creek deposit. 

Cut-off grades are defined by gold and silver contents only, and may vary between zones due to 

differences in metallurgical characteristics. All or part of each zone discussed in this study is defined in 

the indicated, probable or proven resource or reserve category, except for the 21 A-contact zone, which is 

subeconomic due to its unusual mineralogy. In order to simplify discussion, the term 'ore' is used to 

describe all mineralized material that meets the precious metal cutoff grade for a particular zone, 

regardless of other economic considerations or resource classification criteria. 

Stratiform orebodies 

The stratiform 21B, East Block and NEX zones (Fig. 3.4, sections B-B', D-D', and G-G') contain 

the bulk of the ore at Eskay Creek and occur at the base of the contact argillite horizon. The smaller 21 A, 

21C-contact, Pumphouse-contact, and 21E zones also occur at the base of the contact argillite (Fig. 3.4, 

A-A', B-B', C-C and E-E') but are of lesser economic importance. The stratiform zones are separated 

from one another by areas of unmineralized argillite, or are locally displaced by younger fault slip. 

The 21B zone is dominated by beds of clastic sulfides and sulfosalts, which form a well-defined 

tabular orebody that is locally overprinted by late-stage minerals. Clastic sulfide textures are also 

observed in the NEX, East Block and Pumphouse-contact zones, however bedding is generally not well 

developed within these subzones and massive sulfides are prevalent. 
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Figure 3.4: Series of cross sections through subzones of the #21 Zone at Eskay Creek (marked on 
Figure 2) are shown on the following four pages. Sections show stratigraphic position and 
geometry of the 21A zone (A-A'), 21B and Pumphouse zones (B-B'), 21C zone (C-C), 21B 
and East Block zones (D-D'), 21E zone (E-E'), 109 zone (F-F'), and the 109, NEX and HW 
zones (G-G'). The legend for all sections is provided below. 

Legend for Sections A-A' to G-G' 
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Figure 3.4 
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Figure 3.4: continued.. 
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Figure 3.4: 
continued. 
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Figure 3.5: Ore textures in the 21B, East Block and NEX Zones. 
(a) Coarse clastic ore in the 21B zone showing the lower portion of a poorly sorted, 

ungraded bed of heterolithic fragments including fine-grained, sphalerite-dominated 
clasts, very fine-grained tetrahedrite-dominated clasts, entrained angular tuffaceous 
argillite fragments, and intensely chloritized rhyolite fragments in a matrix of finer-grained 
mixed sulfide-sulfosalt fragments (U41: 32.8 m). 

(b) Thinly bedded, normally graded, fine clastic sulfide-sulfosalt beds in the 21B zone 
separated by fine-grained carbonaceous argillite (U88: 1.9 m). 

(c) A portion of a large banded ore fragment is preserved in the lower part of this drillcore 
sample, hosted in a poorly sorted, coarse clastic, sulfide-sulfosalt bed in the 21B zone. 
Fine banding in the fragment is due to alternating sphalerite, pyrite and tetrahedrite-
dominant bands. 

(d) Coarse clastic ore from the 21B zone overprinted and replaced by quartz in large, 
; discontinuous, irregular patches. Such patches are localized and generally more common 

in the northern part of the 21B zone. 
(e) Coarse clastic ore in the 21B zone partially replaced by massive stibnite. The edge of 

stibnite replacement is marked by the arrows and extends along the lower half of the core 
sample (drillhole 2753). 

(f) Very fine-grained sulfide-sulfosalt laminations in tuffaceous argillite (top-left of photo) are 
cut by narrow, discontinuous, crenulated stringers of stibnite perpendicular to the 
bedding. This example is from the south end of the 21B zone (11 Stope). 

(g) Coarse clastic ore from the East Block in which sulfide fragments are flattened parallel to 
bedding. The matrix in the lower half of this sample has been replaced, dominantly by 
tetrahedrite, resulting in a massive texture (10 Stope). 

(h) Coarse clastic sulfide-sulfosalt fragments in the East Block with extensive replacement by 
pyrite and chalcopyrite (8 Stope). 

(i) Massive, finely banded sphalerite-tetrahedrite rich ore in the East Block with chalcopyrite-
rich veinlets cutting underlying argillite and partially replacing the massive sulfides. In 
some areas chalcopyrite may completely replace earlier sphalerite-dominant massive 
sulfides. 

0) Semi-massive sulfides in the NEX zone (30 Stope) characterized by disseminated to 
locally intergrown sulfides and sulfosalts. 
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Figure 3.6: Captions on following page. 
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Figure 3.6: Ore textures in the NEX, HW, 21E, 109, Pumphouse-rhyolite and 21A zones. 
(a) Massive, stringer and disseminated ore in the NEX zone. The upper drillcore sample 

shows fine-grained, banded massive or vein ore dominated by sphalerite, tetrahedrite 
and stringers of chalcopyrite. The bright streak at the top margin is a veinlet of electrum 
that has been smeared during cutting of the drillcore. The lower drillcore sample is 
representative of mineralization in the NEX zone adjacent to massive sulfides, which are 
typically dominated by disseminated sulfides cut by narrow sulfide stringers and veinlets. 

(b) Ore textures in the HW zone. The thickest lenses and lower portions of the HW zone are 
dominated by massive pyrite-rich sulfides shown in the lowermost drillcore sample. 
Towards the upper contact of the sulfide lens, the massive ore is commonly vuggy as in 
the central sample. Massive barite or carbonate-barite is common near the upper contact 
of the HW lens. The uppermost drillcore sample in the photograph consists of mottled 
massive calciteldolomite with minor barite. . 

(c) Fine-grained massive to semi-massive sulfide ore of the 21E zone showing replacement 
and vein textures. The drillcore sample on the left is dominated by clastic textures that 
have been overprinted and partially replaced by sphalerite and sulfosalts, which occur in 
the anastomosing veinlet observed at the base of the sulfide ore horizon. 

(d) Stockwork veining in the 109 zone showing three generations of veins, including I) pyritic 
stockwork, II) base-metal sulfide-rich veins (shown here along a broken surface), and III) 
sulfide-poor quartz veins. Black staining in the rock is due to amorphous carbon alteration 
in an intensely silicified flow banded rhyolite. 

(e) Gold-bearing quartz vein (type III) in the 109 zone, cutting silica-carbon altered rhyolite. 
(f) Base-metal sulfide-rich vein (type II) from the 109 zone consisting of massive to 

disseminated sphalerite, galena, pyrite and chalcopyrite in quartz. These veins commonly 
have a chloritic alteration envelope and reach 50 cm in thickness. 

(g) Stockwork veinlets in the Pumphouse-rhyolite zone. Quartz-carbonate-rich veinlets 
anastomose through flow banded and autobrecciated rhyolite. Alteration envelopes 
consist of sericite-chlorite and minor calcite. 

(h) Massive realgar-stibnite in the 21A zone. Dark patches in the realgar are relict argillite. 
Cinnabar occurs mainly along hairline fractures. 

67 



Stratiform bodies in the 21C zone are discontinuous and form three discrete, stacked, mineralized 

horizons (Fig. 3.4, C-C). Ore-grade blocks occur along a linear trend (Fig.3.1) and are separated from 

one another by weakly mineralized to unmineralized argillite. The zone is down-dip of the 21B zone and is 

separated from it by unmineralized argillite, which is generally thinner than argillite associated with the 

orebodies (Fig. 3.3). The linear distribution of the 21C zone appears to be related to the steeply-dipping, 

discordant 21C-rhyolite zone, described further below. The lowermost 21C-contact zone is hosted in the 

base of the contact argillite and is characterized by stringer and disseminated sulfides, as well as sulfides 

filling fractures in brecciated argillite. This is overlain by an interval of unmineralized argillite and the 21C-

barite zone. This baritic horizon contains beds of bladed barite hosted in argillite, and locally up to 2 

metres of massive barite, which contain fine-grained disseminated sulfides and variable quantities of 

carbonate minerals. Baritic beds occur discontinuously along the length of the 21C zone, however only 

ore-grade precious metal enriched portions of this subzone are shown in Figure 3.1. These are restricted 

to small areas near the southern end of the 21C zone. 

In the upper portion of the contact argillite, ore-grade precious-metal enrichment occurs within the 

Hanging-Wall (HW) and 21C-HW zones (Fig. 3.4, G-G' and C-C'). These lenses occur spatially and 

stratigraphically above the NEX and 21C-contact zones, respectively. Basaltic sills commonly separate 

the HW zone from the lower contact argillite. Unmineralized dykes and sills cutting through the sulfides 

provide evidence that mafic volcanism postdates mineralization. Quartz-sulfide veinlets cut across 

bedding in otherwise unmineralized argillite between the NEX and the HW zones. 

Discordant orebodies 

Most of the ore that is discordant to stratigraphy is in the 109, 21C-rhyolite and Pumphouse-

rhyolite zones. The 109 zone (Fig. 3.4, F-F' and G-G') forms a bulbous stockwork that cuts siliceous, 

massive to flow-banded and autobrecciated rhyolite. Precious-metal rich mineralization does not extend 

below the rhyolite, although minor to moderate quartz-sericite alteration and sulfide-bearing veinlets 

persist at depth. Argillite directly overlying the 109 stockwork is typically unmineralized to weakly 

mineralized with minor disseminated sulfides and crosscutting quartz ± sulfide-bearing veinlets. 

Discordant rhyolite-hosted portions of the 21C and Pumphouse zones are shown in Figure 3.4, 

sections B-B' and C-C. Both zones are constrained to steeply dipping zones of sericitized and generally 
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strongly foliated rhyolite, although they show some mineralogical differences. The 21C-rhyolite zone is 

discontinuous over a strike length of about 900 metres, occurring in at least three parallel northeast-

trending bodies that may be offset by northwest-trending faults (Fig 3.1). Ore-grades in the Pumphouse-

rhyolite zone are defined along about 100 metres strike length (Fig. 3.1), but anomalous values extend 

further parallel to the Pumphouse Fault Zone. Stratiform 21C-contact and Pumphouse-contact zones 

overlie the associated discordant ore zones (Fig. 3.4, B-B' and C-C). 

Discordant sulfides in the rhyolite occur in veinlets and disseminations under much of the #21 

Zone, but are most abundant adjacent to the Pumphouse Fault Zone (Fig. 3.7). Massive pyrite forms a 

pipe-like body beneath the East Block (Fig. 3.4, D-D') but generally does not contain ore-grade precious-

metal enrichment. Discordant mineralization in this area was formerly referred to as the Pathfinder zone 

(Chapter 2; Sherlock et al., 1999). Sulfide occurrences are traced in the footwall stratigraphy up to several 

kilometres along strike to the south and are locally enriched in precious metals. In the 1930's, the MacKay 

adit (Fig. 3.2) exploited stockwork veins hosted in felsic intrusive rocks that are feeders to the rhyolite. 

The Emma adit accessed sulfide veins in rhyolite that are exposed at surface in the #22 Zone (Fig. 3.2). 

Structural Control and Deformation 

The #21 Zone area is flanked by steeply-dipping faults striking about 030° (Figs. 3.1 and 3.2) 

which appear to converge north of the deposit. The Pumphouse Fault Zone forms a relatively prominent 

surface lineament and includes several smaller subparallel structures and splays within a relatively 

narrow zone. The geometry of the #21 Zone basin (Fig. 3.3) suggests it is a synvolcanic structure 

(Edmunds et al., 1994; Lewis, 1995). The spatial distribution of sulfides in rhyolite along the Pumphouse 

Fault Zone (Fig. 3.7) suggests that it was a conduit for hydrothermal fluids to the overlying and adjacent 

21B, East Block and NEX zones. The linear trend of the 21C zone and steeply-dipping geometry of the 

21C-rhyolite zone suggest structural control to mineralization in this area, although a discrete structure 

has not been defined. 

The orebodies have been variably affected by post-mineralization deformation. Cleavage fabrics 

parallel to the axial trace of the Eskay Creek anticline are locally well-developed, particularly in strongly 

chlorite-sericite altered zones. Several northwest-trending faults have also been identified in the mine 

area (Fig. 3.1), although offsets are variable. A steeply-dipping fault offsets the south end of the 21C zone 
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Figure 3.7: Distribution of sulphides in rhyolite underlying the 21B zone (excluding rhyolite-hosted 
orebodies), based on visual estimates in drillcore. The position of stratiform orebodies are 
outlined, and rhyolite-hosted orebodies are shown in grey-shaded areas. Dashed lines mark 
the surface trace of the Pumphouse Fault Zone (see Figure 3.2 for reference). 

70 



about 70 to 100 metres to the east (near 10100N, Fig. 3.3). The south end of the reaigar-stibnite-rich 21A 

zone, near 9900N, appears to be offset about 100 metres to the west. 

Despite extensive small-scale structural disruption, the bulk of the 21B zone remains a coherent, 

continuous, tabular orebody, which is gently folded into broad open folds associated with the formation of 

the Eskay Creek anticline (Fig. 3.4, B-B' and D-D'). Offsets associated with axial planar cleavage typically 

displace the ore-beds by millimetres to a few centimetres. Greater offsets, typically not more than about 5 

metres, are observed locally along steeply dipping, narrow, clay-rich faults. Bedding-parallel faults are 

common and occur as thin sheared to clay-rich zones in argillite. Larger, bedding-parallel, clay-rich faults 

commonly mark the upper boundary of the 21B ore zone. 

The apparent narrowing of the 21B zone in plan-projection, near 10700N (Fig. 3.3), is due to 

abrupt steepening of the ore across an interpreted northwest-trending fault. South of the fault the ore dips 

20° to 45° to the west. North of the fault, ore dips 60° to 80° west and then flattens to about 20° near the 

north end of the deposit (see also Chapter 4, Fig. 4.1). 

Late-stage mineralization, associated with strong chlorite-sericite alteration and foliation of the 

host argillite, overprint the southwestern distal portion of the 21B zone. Details of the facies distribution 

and structural overprint on the 21B zone are discussed further in Chapter 4. 

The East Block area and eastern portion of the 21B zone are disrupted by several north to north

east trending faults that appear to splay off the Pumphouse Fault Zone. Massive sulfides commonly form 

elongate cigar-shaped lenses that trend about 025 to 030°, and plunge about 35° to the north. Much of 

the ore in this area is disrupted by and entrained in a complex system of faults, forming lenses a few 

metres to tens of metres across. 

The NEX and HW zones at north end of the #21 Zone have been extensively disrupted by faulting 

and folding resulting in a number of discontinuous ore pods within fault-bounded blocks (Fig. 3.4, section 

G-G'). The complexity of deformation is not shown in the diagram, and has not been mapped in detail for 

this study. The strata are locally isoclinally folded, sheared, and offset over metres to tens of metres. At 

least one major, south-verging thrust fault or attenuated isoclinal fold appears to offset the stratigraphy 

and ore lenses (Fig. 3.4, G-G'). This structure may be related to the northwest-striking faults that are 

observed regionally (Fig. 3.2). 
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Part I: Mineralogy and Textural Characteristics of the Ore Zones 

Mineral textures in the Eskay Creek ore were examined in 36 polished mounts and 288 polished 

thin sections from 250 ore samples, using a Nikon polarizing microscope equipped with both reflected 

and transmitted light sources. Many of the ore minerals, particularly lead sulfosalts, have very similar 

optical properties and can be identified confidently only by more advanced analytical methods such as x-

ray diffraction (XRD) or compositional analysis. The fine-grained, intergrown nature of the sulfosalts in the 

Eskay Creek ore makes separation of the minerals for XRD analysis difficult, resulting in tightly 

overlapping peaks that are difficult to interpret. The dominant elements contained in the sulfosalt minerals 

were examined qualitatively using a scanning electron microscope (SEM) equipped with an energy-

dispersion x-ray spectrometer (EDS). Quantitative composition was determined by electron-probe 

microanalysis (EPMA). 

Each of the Eskay Creek subzones show a complex array of sulfide mineral textures that reflect 

both primary depositional and post-depositional processes. Problems associated with interpretation of ore 

textures have been addressed by several researchers including Barton (1978, 1991), Ramdohr (1980), 

Lufkin (1983), and Craig (1990a, 1990b). These problems include changes in the original ore textures due 

to progressive overprinting of earlier events by later processes during deposition, compositional and 

textural changes during cooling from original temperatures of deposition, and variable degrees of post-

depositional re-equilibration among the minerals during diagenesis and metamorphism. Interpretation is 

further complicated by similarities in resultant textures that may have formed by different processes. 

Despite these difficulties, examination of mineral textures in the context of the overall depositional 

environment provides insights into the formational history of the ore deposit and processes that have 

affected it (Barton, 1991). 

The Eskay Creek deposit formed in a basinal sedimentary environment during a hiatus between 

felsic and mafic volcanic activity, as described in Chapter 2. Most of the observations in this paper are 

from the 21B zone, because it was the main and most accessible orebody at the time of this study. 

However, textural and mineralogical observations in the other subzones constrain the complexities of the 

mineralizing system within this relatively small area. Despite the polymetallic nature of the deposit, it 

contains a relatively small array of sulfide and sulfosalt minerals (Table 3.2). Mineralogy is generally 
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consistent within a given ore lens with the exception of late-stage minerals, which have a restricted 

distribution. Sphalerite, galena and pyrite occur in varying abundance in all of the subzones except the 

highly unusual As-Sb-Hg-rich 21A zone. 

The terminology, characteristics and criteria used to describe the dominant sulfide textures 

observed in this study are summarized in Table 3.3. Mineral textures at Eskay Creek are subdivided into 

four paragenetic categories: i) primary and clastic, ii) post-clastic, iii) post-depositional, and iv) uncertain 

origins. 

Primary bedded sulfide and sulfosalt fragments (Fig. 3.5) are the most striking macroscopic 

textural feature in the deposit and occur mainly in the 21B zone. Microscopically, these clastic textures 

may be obscured by the limited scale of observation within a single slide, or by later processes of 

replacement, deformation and remobilization. The two main criteria used to distinguish clastic fragments 

petrographically are: i) sharp boundaries around complex intergrowths of sulfides and sulfosalts hosted in 

a compositionally or texturally distinct matrix, and ii) broken individual sphalerite grains, indicated by 

truncated growth bands. Larger fragments, up to 10 centimetres across, may show bands of alternating 

composition (e.g., Fig. 3.5c), but these are rare. Sulfide-sulfosalt fragments generally range in size from 

less than 100 microns to about 2 centimetres across, depending on the location within the orebody. In this 

paper, "coarse clastic" texture is arbitrarily defined as beds containing distinct ore fragments that are 

dominantly greater than 2 millimetres in diameter, with about 10% of fragments greater than 1 centimetre. 

"Fine clastic" texture is dominated by fragments less than 2 millimetres in diameter. 

Post-clastic mineralization is evident macroscopically as veins and extensive replacement of the 

clastic textures (e.g., Fig. 3.5e). These features also occur at the microscopic scale and include 

overgrowths on earlier sulfide grains and clasts, replacement of earlier minerals or clasts, and veinlets or 

stringers (Table 3.3). 

Post-depositional textures due to deformation are superimposed on the ore locally, particularly in 

proximity to faults and tight folds, but are not pervasive throughout the deposit. The intensity of 

deformation is variable. Sulfide-sulfosalt clasts are locally flattened into oblate shapes parallel to bedding 

or cleavage. In areas where foliation and cleavage are well developed, pressure shadows of softer 

minerals around resistant mineral grains are common. Annealed textures are rare in the sulfide minerals 
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Table 3.3: Characteristics of the principal ore textures observed in the Eskay Creek deposit. 

Texture Criteria Example 

Primary and clastic 
Coarse clastic Fragments of intergrown, polymetallic sulfides and sulfosalts exhibiting 

distinct boundaries in a matrix of argillite and fine-grained sulfides. 
Coarse clastic sulfides typically range from 2 to 20 mm across, and 
rarely up to 10 cm in diameter. Banding, truncated against broken 
edges, is locally observed in larger fragments. 

Fine clastic 

Post-clastic 
Overgrowths 

Replacement 

Vein 

Fine-grained, intergrown polymetallic sulfide-sulfosalt fragments less 
than 2 mm across and typically less than 1 mm in diameter. Fine clastic 
sulfides also occur as individual crystals of sphalerite, which may contain 
inclusions other sulfides or sulfosalts. Features such as truncated growth 
bands, which suggest the grain was broken during transport, provide 
evidence of clastic deposition. 

Sulfides and sulfosalts rimming, or nucleated on, earlier mineral grains 
or clastic fragments, indicating later precipitation. Occur as fine-grained 
aggregates, continuous rims, or may exhibit colloform or spongy 
textures. 

Sulfides and sulfosalts which completely or partially replace earlier 
minerals along fractures and grain boundaries. The resulting 
pseudomorphs often contain relict inclusions of the earlier mineral. 
Sulfides and sulfosalts precipitated along fractures cutting clastic ore. 
This category includes veinlets, which are less than 1cm wide, and 
stringers, which are less than 1 mm wide and usually discontinuous. May 
have clearly defined or diffuse margins. Criteria to distinguish bedding-
parallel veins from clastic beds are provided in Table 3.5. 

Post-depositional 
Deformed Sulfides and sulfosalts that may be elongated or contorted, strained, 

annealed or remobilized due to post-depositional tectonic deformation. 
Strained bireflectant or anisotropic minerals may show aligned banding 
or twinning. Remobilization is most commonly indicated by movement of 
less refractory minerals, such as galena and lead sulfosalts, into 
pressure shadows around more resistant minerals, such as sphalerite. 

Uncertain paragenetic position 
Matrix 

Disseminated 

Massive 

Stockwork 
Vein 

Minerals of indeterminate origin occurring in the matrix to clastic sulfide 
fragments. Typically fine-grained, intergrown, and often deformed to 
annealed. Also includes discrete, unzoned, disseminated sphalerite 
grains. 

Isolated, generally fine-grained, scattered, euhedral to anhedral grains of 
one or more minerals. 

Accumulation of irregularly intergrown sulfides and sulfosalts containing 
minor gangue minerals. Occurs in both vein and stratiform ore zones. 

Veins, veinlets and stringers in footwall rhyolite. Usually associated with 
alteration envelopes of sericite ± chlorite ± quartz. 

Fig. 3.5a,c 
Fig. 3.8 

Fig. 3.5b 
Fig. 3.9a-d 

Fig. 3.11e-g 

Fig. 3.12d 

Fig. 3.9e-h 
Fig. 3.1 Of 
Fig. 3.12e 

Fig. 3.10c 

Fig. 3.8e 
Fig. 3.10a 

Fig. 3.13e 

Fig. 3.5i 
Fig. 3.6b 
Fig. 3.13a 

Fig. 3.6d,g 
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Figure 3.8: Photomicrographs of coarse clastic ore in the 21B zone (1017: 25.2m). Abbreviations are: AP 
= arsenopyrite, BL = boulangerite, BR = bournonite, CP = chalcopyrite, EL = electrum, GL = 
galena, MS = muscovite, PY = pyrite, RE = realgar, SL = sphalerite, ST = stibnite, TT = 
tetrahedrite. In reflected light unless otherwise specified. 

a) Composite photo of large banded clastic fragment (right) rimmed by tetrahedrite, adjacent 
to elongate clast of fine-grained, intergrown sulfides and sulfosalts. The matrix to the 
sulfide clasts is dominated by large sphalerite grains in a chloritic matrix. The locations of 
other photomicrographs in this figure are also shown. 

b) Complexly intergrown sulfides and sulfosalts in a sphalerite-rich band of the large ore 
clast. Sphalerite is generally elongate perpendicular to the orientation of the banding, and 
has a weakly skeletal structure intergrown with galena, bournonite, tetrahedrite and 
pyrite. 

c) Clastic sphalerite grain showing concentric growth bands which are truncated along the 
lower left corner of the grain (plane polarized light). 

d) Detail of clastic sphalerite grain shown in c). Growth bands are marked by inclusions of 
galena aligned along the growth bands. Inclusions of tetrahedrite, electrum and pyrite are 
distributed more randomly throughout the grain. 

e) Complexly intergrown sulfide-sulfosalt clast dominated by sphalerite, tetrahedrite and 
galena surrounded by a matrix of fine-grained disseminated sulfides in chlorite. 
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Figure 3.9: Captions are on following page. 
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Figure 3.9: Photomicrographs of textures observed in the 21B zone. In reflected light unless otherwise 
specified. Abbreviations as in Fig. 3.8. 

a) Tetrahedrite is typically opaque in transmitted light, as in the upper left of this photo, 
however along narrow fractures in sphalerite, the mineral is deep red. (plane polarized 
transmitted light) 

b) Same view as a), in reflected light. Though several tetrahedrite-filled fractures are 
apparent, fine tetrahedrite-filled fractures running vertically through the upper part of the 
sphalerite grain are not visible. 

c) Hairline fractures in sphalerite filled with tetrahedrite, though not visible in reflected light 
microscopy, may be detected by backscattered SEM imagery, and their composition 
confirmed by EDS. 

d) Backscattered SEM image of a fragment of a sphalerite grain. Inclusions in the sphalerite 
are aligned in a manner similar to that shown in Fig. 8d suggesting the grain formed 
elsewhere, was broken and clastically transported to be deposited in this clastic sulfide 
bed. 

e) Irregular, broken and corroded sphalerite grain with colloform overgrowth of pyrite, 
alternating with thin bands of tetrahedrite. The sphalerite clast and the surrounding matrix 
are partially replaced by boulangerite and bournonite. 

f) Close-up of colloform overgrowth in e). 

g) Clastic fragment of colloform pyrite nucleated on sphalerite, which has been 
subsequently rimmed by boulangerite and tetrahedrite. 

h) Framboidal pyrite entrained in euhedral pyrite in a clastic ore bed. 
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Figure 3.10: Photomicrographs of clastic, deformation and overprint textures observed in the 21B zone. 
Shown in reflected light unless otherwise specified. Abbreviations as in Fig. 3.8. 

a) The upper left half of the photo shows fine-grained intergrown sphalerite, tetrahedrite, 
galena and pyrite of a large ore clast. The margin of the clast is sharp against the coarser 
grained matrix of similar mineralogy in the lower right half of the photo. 

b) Fine-grained sulfide clasts within thinly bedded ore. The sphalerite grain on the left 
contains inclusions of pyrite, electrum and tetrahedrite as blebs. Tetrahedrite also occurs 
along a fracture through the center of the grain. The clast on the right shows a radiating 
intergrowth of sphalerite with sectors of very fine-grained pyrite-tetrahedrite intergrowth. 
The clasts are hosted in a matrix of chlorite. Dolomite and boulangerite rim the lower 
margin of the clast on the right. 

c) Disseminated sphalerite grains near the upper contact of a coarse clastic sulfide-sulfosalt 
bed. Pressure shadows consisting mainly of tetrahedrite have formed around the more 
resistant sphalerite grains. Framboidal to subhedral pyrite grains are disseminated 
throughout the matrix. 

d) A fine-grained sulfide-sulfosalt lamination in an argillite host is cut by a bedding parallel 
boulangerite-bournonite-tetrahedrite veinlet with quartz selvages along the base of the 
lamination. A weakly developed fabric, about 40° to the bedding plane in this view, is 
developed in the less resistant minerals 

e) A fine-clastic sulfide-sulfosalt bed in the 21B zone in which the matrix dominantly 
comprises lead sulfosalt minerals which surround and replace earlier clasts, particularly 
in the lower half of the bed. The upper part of the bed is cut by lead sulfosalt-rich veins 
with quartz selvages. 

f) Backscattered SEM image of boulangerite-bournonite and minor tetrahedrite in a 
discontinuous veinlet anastomosing through the matrix of a sphalerite-rich ore bed. 
Veinlets are well defined within the argillite interbeds, but become diffuse within the 
clastic ore beds. 

g) Stibnite replacing the matrix around disseminated sphalerite grains. 
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Figure 3.11: Captions are on following page. 
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Figure 3.11: Photomicrographs of textures observed in the 21B zone. Abbreviations as in Fig. 3.8. 
a) Thin, poorly sorted, fine-clastic sulfide-sulfosalt bed of dominantly mixed sphalerite, 

tetrahedrite, and pyrite, with sericitic and chloritic fragments. 

b) Same view as a) in cross-polarized light showing the marked contrast in composition of 
fragments within the thin bed in comparison to the host argillite above and below the bed. 
Lithic fragments in the bed are larger than the associated sulfide fragments and consist 
mainly of fine-grained sericite. Bluish fragments consist mainly of chlorite. 

c) Composite photomicrograph of well-graded, thin, fine-clastic sulfide-sulfosalt bed. 

d) Composite photomicrograph of a large sphalerite-galena-quartz fragment in finely 
laminated 21B ore. This sample shows weak penetrative cleavage development at a 
steep angle to the bedding. The lower lamination is undeformed, while the upper 
laminations are draped over the sphalerite-galena, suggesting the fragment may have 
been clastically deposited. 

Photomicrographs e) to h) show the stages in the development of a sulfide-rich veinlet in the 
21Bzone. 
e) Fine-grained, disseminated pyrite is concentrated along hairline fractures in the host 

argillite. 
f) The hairline fractures provide a conduit for hydrothermal fluids resulting in precipitation of 

sulfides along the margins of the fracture. 
g) With continued hydrothermal activity, the abundance of sulfides increases and may be 

accompanied by quartz as patches or matrix to the sulfides and sulfosalts. Sericitic or 
chloritic lithic fragments, such as those seen in a) and b), are absent. 

h) Arsenopyrite rhombs are commonly associated with these sulfide-sulfosalt veinlets. 
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Figure 3.12: Captions are on following page. 

84 



Figure 3.12: Photomicrographs showing textural variations and mineral occurrences in the 21B, East 
Block and NEX zones. Abbreviations as in Fig. 3.8. 

a) Matrix sphalerite enclosing framboidal pyrite and associated with blebs of electrum and 
mixed tetrahedrite, boulangerite and bournonite in the 21B zone. 

b) Sulfide-sulfosalt clasts and matrix, both containing blebs of electrum. In the matrix of the 
clastic ore bed, electrum is associated with boulangerite, bournonite and sphalerite. 

c) Preserved cell structure of organic material within an argillite interbed between clastic 
sulfide-sulfosalt beds in the 21B zone. This bituminous material has low reflectance and 
is opaque in transmitted light. The core of the cells are filled with quartz. 

d) Sulfide clasts replaced by fine-grained pyrite and chalcopyrite in the East Block. Sample 
is cut by chalcopyrite-rich stringers. 

e) Network of chalcopyrite-galena-rich veinlets cutting disseminated sphalerite-rich ore near 
the north end of the East Block. 

f) Coarse-grained electrum along grain boundaries and in galena-tetrahedrite-chalcopyrite-
rich matrix between sphalerite grains in the East Block. 

g) Massive sulfide ore in the East Block. Massive sphalerite is replaced by chalcopyrite 
along margins and fractures, associated with disseminated pyrite. 

h) Composite photomicrograph of fragmental ore in the NEX zone. Complexly intergrown 
sphalerite, galena and tetrahedrite occur in sharply bounded clasts and are hosted in a 
matrix dominated by sphalerite, tetrahedrite and fine-grained pyrite. The sample is cut by 
a narrow vein of massive, fine-grained tetrahedrite along the left side of the photo. 
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but are observed in siliceous patches and quartz veins. Strained textures are locally observed in patches 

of soft, bireflectant and anisotropic minerals such as boulangerite, bournonite, and stibnite where fine

grained aggregates are aligned and slightly elongated parallel to foliation. 

The paragenesis of many of the sulfides remains uncertain despite excellent preservation of 

primary textures in the Eskay Creek deposit. In particular, many of the fine-grained sulfides that occur in 

the matrix between discrete sulfide clasts do not show distinctive textures that indicate whether they are 

clastic or were introduced during later stages of ore formation. These sulfides are grouped texturally into 

the "matrix" category (Table 3.3). 

Locally, stratiform ore zones are massive or semi-massive. Massive ore consists of over 80% 

sulfides and sulfosalts and shows no direct evidence of clastic origin. Thick sulfide-sulfosalt-rich veins 

cutting clastic ore and footwall rhyolite generally have a massive texture. Disseminated sulfides and 

sulfosalts commonly occur at the margins of massive ore and in the footwall rhyolite. Unless cross-cutting 

or stratigraphic relationships can be established, these textures do not constrain the timing of 

mineralization. 

The geometry, mineralogy, mineral distribution, and petrographic textures are described below for 

each of the subzones. Evidence from these observations is then used to constrain the paragenesis of the 

deposit and conditions of formation. 

21B Zone 

The 21B zone contains the bulk of the ore in the Eskay Creek deposit. It is a tabular body hosted 

in the base of the contact argillite unit and is about 550 metres long, 60 to 200 metres wide and locally 

more than 15 metres thick. The ore lens consists mainly of clastic sulfide and sulfosalt-rich beds of 

varying thickness, containing variable proportions of lithic fragments. In the thickest, central, part of the 

orebody, thick (>50cm) beds containing pebble to cobble sized sulfide-sulfosalt clasts directly overlie 

rhyolite. The beds grade rapidly upwards and outwards into thinner, finer-grained, clastic beds and 

laminations (<1mm). Unmineralized argillite interbeds are typically present between clastic sulfide-rich 

beds (e.g., Fig. 3.5b), although they are locally absent from the thickly bedded, coarse clastic sulfide 

sequences. The thickness and abundance of argillite accumulated between successive sulfide-rich beds 

increases towards the top and margins of the zone. 
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Many of the sulfide beds are normally graded although ungraded and poorly sorted beds are 

common, particularly in the coarser sedimentary facies of the 21B zone. Evidence of sedimentary origin 

includes: i) beds consisting of poorly sorted, heterolithic fragments; ii) grading; iii) presence of load and 

slump features; and iv) entrainment of laminated, and locally imbricated, mudstone rip-up clasts. 

Sedimentary textures in thin (<2mm), fine-grained, sulfide-rich layers are less obvious. However, the 

presence of small sulfide clasts and lithic fragments that are compositionally and texturally distinct from 

the host argillite are characteristic of the sedimentary origin of these beds and laminations. 

The sulfide-sulfosalt mineralogy of the 21B ore zone is dominated by sphalerite (typically 30-50% 

of the ore minerals), tetrahedrite (5-20%), boulangerite and bournonite (5-20%), with lesser galena (1-

10%) and pyrite (1-5%), and minor electrum, arsenopyrite, jamesonite, zinkenite and a range of other Pb-

Sb-S±Cu±Ag sulfosalts (Table 3.2). Stibnite and, rarely, cinnabar are restricted to crosscutting veins and 

replacement zones near the centre of the orebody. Characteristics and textural relationships of the 

minerals in the 21B zone are shown in Figures 3.8 to 3.12 and are described below. 

Sphalerite 

Sphalerite is the most common sulfide in the 21B zone and occurs intergrown with other sulfides 

and sulfosalts in discrete fragments and as individual sphalerite grains. These grains are typically 

subhedral to anhedral and range from less than 50 microns to more than 2 millimetres across. Sphalerite 

in the 21B zone is honey-yellow in hand specimen. In thin section, it is generally pale yellow in 

transmitted light, although patchy orange to deep red stains are common and locally define growth bands 

(Fig. 3.8c). Orange staining is strongest around tetrahedrite inclusions. Deep red stains or fractures in the 

sphalerite are related to the presence of tetrahedrite (Fig. 3.9a, b, c), an association that is also observed 

in ores from Kuroko deposits (Barton, 1978; Eldridge et al., 1983). Red internal reflections are not visible 

in coarser grained tetrahedrite because it is opaque in transmitted light. 

Matrix sphalerite locally constitutes up to 30% of an ore bed, and is typically anhedral, fine

grained (<50/vm across) and inclusion-free. It is generally disseminated in the chloritic matrix and/or 

intergrown with other matrix sulfides and sulfosalts. 

Tetrahedrite 

Tetrahedrite occurs throughout the 21B zone in a variety of associations. It occurs i) in sulfide-

sulfosalt clasts (e.g., Fig. 3.8b and e), ii) as inclusions and fracture fillings in sphalerite, iii) as rims and 
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overgrowths on clasts (e.g., Fig. 3.8a and 3.9e), iv) as discontinuous patches or stringers in the matrix, 

and v) in cross-cutting veinlets with lead-sulfosalts and quartz. Tetrahedrite and pyrite are locally closely 

associated, both in overgrowths (e.g., Fig. 3.9f) and as fine-grained mottled patches within clasts or 

isolated patches in the matrix (e.g., 3.10b). 

Galena 

Galena dominantly occurs intergrown with sphalerite, pyrite and tetrahedrite in clastic sulfide-

sulfosalt fragments and as blebs in larger sphalerite grains. Galena in the matrix to clastic fragments is 

most common near the south end of the 21B zone. 

Lead Sulfosalts 

Lead sulfosalt minerals occur throughout most of the 21B zone, but are most abundant in the 

central and northern half of the orebody. Boulangerite and bournonite are prevalent throughout most of 

the orebody. Jamesonite, zinkenite and sterrylite have been identified but have a limited distribution near 

the centre of the ore zone. 

Boulangerite and bournonite are rarely observed as inclusions in sphalerite grains or intergrown 

with sphalerite-tetrahedrite-galena-pyrite in clasts. The minerals most commonly occur i) replacing 

sphalerite along fractures and margins, ii) in the matrix as patches, stringers, and replacement (e.g., Fig. 

3.1 Oe and f), and iii) in cross-cutting veins interstitial to quartz ± dolomite ± calcite (e.g., Fig. 3.1 Od). 

Pyrite 

Pyrite is ubiquitous throughout the 21B zone although it constitutes less than 5% of the ore. It is 

most common as disseminated framboids, spheroids and fine-grained euhedra (typically less than 10um) 

in sulfide-poor argillite, and in the argillitic matrix of matrix-supported clastic sulfide beds. Locally, pyrite 

nodules or thin pyrite laminations occur in unmineralized argillite between sulfide-sulfosalt beds. 

Within the sulfide-sulfosalt-rich beds, pyrite is also present as larger (up to 200/um) euhedral 

grains that form isolated cubes or dodecahedrons that locally overprint earlier framboids (Fig. 3.9h). 

Spongy pyritic overgrowth on euhedral pyrite grains is also common. Colloform pyrite is rare. It has been 

observed with tetrahedrite in overgrowths on sulfide clasts (e.g., Fig. 3.9f) and rarely as transported clasts 

(e.g., Fig. 3.9g). 
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Pyrite content is variable within sulfide-sulfosalt clasts. Clasts of massive Mg-rich chlorite in the 

ore beds typically contain about 10% fine-grained disseminated pyrite. Sericite-rich fragments are 

generally sulfide-free, but locally contain up to 5% very fine-grained disseminated pyrite. These chloritic 

and sericitic lithic clasts do not contain any other sulfides. Late-stage stibnite veins and zones of 

replacement contain 1 to 5% disseminated pyrite. 

Electrum 

Electrum is a common, although minor, mineral throughout the 21B zone. It occurs in association 

with a variety of minerals, including: 

i) sphalerite, as tiny (<10//m) inclusions in individual sphalerite grains (e.g., Fig. 3.8d and 

3.10b), 

ii) sulfide-sulfosalt clasts, as blebs generally less than 20 microns across, 

iii) matrix sphalerite, as large (50/vm to 200ytvm) patches at grain boundaries, 

iv) tetrahedrite, commonly along fractures in clastic sphalerite grains (e.g., Fig. 3.9b), and 

v) boulangerite and bournonite, as irregular blebs (up to 200/vm) in the matrix of clastic sulfide 

beds and in quartz-lead sulfosalt veinlets, 

Electrum rarely occurs as isolated grains disseminated in argillite above bedded sulfide ore, and in late 

calcite tension veinlets within and above the 21B zone. Volumetrically, the bulk of the electrum occurs 

along mineral grain boundaries in the matrix, associated with lead sulfosalts and tetrahedrite. 

Minor sulfides 

Stibnite occurs in veins, veinlets, and local zones of replacement as fine-grained anhedral 

masses. It does not occur in clastic sulfide-sulfosalt fragments, nor intergrown with lead sulfosalts in the 

matrix. The abundance of stibnite in the 21B zone has previously been overstated (see Chapter 2) due to 

its optical similarities with boulangerite; both are grey, bireflectant and anisotropic. Its distribution is limited 

to local occurrences in the central core and the southwestern portion of the 21B zone. Massive stibnite 

veins typically range from less than 1 millimetre to 10 centimetres in width. Locally, individual coarse 

clastic sulfide beds are partially to completely replaced (e.g., Fig. 3.5e). 

89 



Cinnabar has a very restricted distribution in localized zones of replacement and crosscutting 

veinlets, generally within or near stibnite occurrences. It is typically intergrown with calcite, Hg-rich 

sphalerite, quartz and barite. One localized occurrence of massive gypsum in the immediate footwall of 

the 21B zone, near its centre, contains less than one percent very fine-grained disseminated cinnabar. 

Arsenopyrite rhombs are disseminated sparsely throughout the 21B zone, comprising less than 

1 % of the sulfides, although they are somewhat more abundant near the south end of the orebody (up to 

1%). Well-formed rhombs occur in the matrix of the clastic sulfide beds and locally have a poikilitic texture 

with inclusions of sphalerite, tetrahedrite and lead sulfosalts. Subhedral overgrowths of arsenopyrite 

occur locally on the margins of clastic sphalerite grains. Arsenopyrite is most commonly observed in 

association with cross-cutting lead sulfosalt-quartz-dolomite veinlets and stringers, and disseminated in 

massive stibnite veins and zones of replacement. 

Ganaue Minerals 

The argillite that hosts the 21B zone consists of chlorite, sericite, lesser quartz, and minor 

muscovite. The rock is generally fine-grained, dark grey to black, and ranges from siliceous and 

competent, to friable and sooty. Macroscopically it appears to be a generally uniform argillite or 

mudstone. However in thin section, grain size ranges from fine-grained, clay-sized material to silt-sized 

particles that are commonly flattened. The coarser beds are better classified as muddy siltstones, but the 

term 'argillite' is used throughout this paper to describe the entire host sedimentary unit. Individual grains 

are brownish in transmitted light, consist dominantly of chlorite, and are surrounded by an opaque, non-

reflectant matrix that is likely carbonaceous organic material. Larger patches of carbonaceous material 

have a low reflectance and brownish tint and locally preserve cell structures of an organic precursor (e.g., 

Fig. 3.12c). Small, rounded quartz grains (<20urn across) are sparsely disseminated throughout most 

argillite beds. 

Unmineralized argillite interbeds between clastic sulfide beds are mineralogically and texturally 

identical to argillite that surrounds the deposit. The argillite may contain up to 3% disseminated pyrite, 

mainly as spheroids and framboids, and trace sphalerite grains (up to 20um). Because clastic sulfide 

beds are commonly graded, their upper contacts are gradational to argillite interbeds. Very fine-grained 

sulfides and sulfosalts gradually decrease in abundance into the overlying argillite bed, although it may 
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appear unmineralized in hand sample (Fig. 3.11c). Elsewhere, the argillite interbeds are unmineralized 

and contain only trace, sparsely scattered sphalerite grains and local pyrite laminations. 

Lithic clasts are a characteristic feature of the bedded sulfides and may comprise up to 50% of 

the bed. The clasts dominantly consist of either sericite or chlorite, although argillite fragments occur in 

coarse clastic beds. Sericite and chlorite fragments are usually colourless in transmitted light and are 

sharply bounded, although wispy margins are observed in areas of extensive remobilization and . 

replacement. Argillite clasts are commonly angular and locally contain pyritic laminations, but do not 

occur in fine clastic ore beds. 

Quartz, dolomite and calcite are found mainly in veinlets that are typically sub-parallel to bedding, 

and usually also contain tetrahedrite and lead sulfosalts (e.g., Fig. 3.11 d and e). Locally quartz replaces 

the matrix to clastic ore fragments, most commonly near the base of graded beds. Muscovite is a minor 

gangue mineral in the 21B ore and typically forms sheaves intergrown with accumulations of lead 

sulfosalts. 

Calcite and dolomite occur locally as massive to semi-massive crystalline beds, 10 to 50 

centimetres thick, that contain no sulfides or precious metal enrichment. These beds are sparse within the 

bedded ore sequence and are restricted to the southern half of the 21B zone. The carbonate minerals 

occur as aggregates of radiating crystals in an argillite matrix, or as interlocking masses of dolomite with 

patches of calcite. 

Barite is rare in the 21B zone. Several metres of mottled massive to clastic barite were observed 

in two drillholes near the center of the subzone between rhyolite and overlying thinly bedded sulfides and 

argillite. The lateral extent of this barite accumulation is less than 20 metres in diameter, limited by 

surrounding drillhole intercepts that contain no barite. Typically, barite is intergrown with calcite ± 

dolomite, fine-grained disseminated tetrahedrite, and minor pyrite. Massive barite is cut by anastomosing 

veinlets or stylolitic fractures of extremely fine-grained black material, which may be amorphous carbon. 

Barite and calcite also occur in cinnabar-rich replacement zones. Fine-grained siliceous patches 

observed in the clastic ore (Fig. 3.5d) consist of quartz grains with an elongate bladed habit that may 

pseudomorph earlier barite. These patches are most common in the northern half of the deposit. 
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Textural Relationships 

The 21B zone contains examples of all the textural varieties described in Table 3.4. Clastic 

textures are generally well preserved (Figs. 3.8, 3.11a to d). The presence of sericitic lithic fragments is 

characteristic of clastic sulfide-rich beds, including very thin laminations. Primary sulfide-sulfosalt clasts 

typically consist of complex, irregular, fine-grained intergrowths of sphalerite - tetrahedrite - pyrite ± 

galena ± lead-sulfosalts (e.g., Figs. 3.8e, 3.10a and b). Compositional banding is rarely preserved in large 

fragments (e.g., Fig. 3.8a) and minerals may be elongate perpendicular to the layers, as in Figure 3.8b 

where weakly dendritic sphalerite is intergrown with galena, bournonite, tetrahedrite and pyrite. Layering 

in these clasts is due to the varying abundance of sphalerite, pyrite and tetrahedrite. 

Vein and replacement textures are common throughout the 21B zone, but are most prevalent near the 

centre of the deposit. Veins, veinlets and discontinuous stringers anastomose through the matrix or cut 

across many of the clastic sulfide beds (e.g., Fig. 3.1 Od). In areas of extensive replacement, the matrix to 

the sulfide clasts is replaced or infilled by sulfide, sulfosalt and gangue minerals, which are most 

commonly lead sulfosalts and quartz (e.g., Fig. 3.10e and f), and locally stibnite (e.g., Fig. 3.10g). These 

replacement and infilling textures most commonly affect coarser clastic sulfide beds and the base of 

graded beds, which were more permeable than the intervening fine-grained argillite. Evidence of early 

fluid migration along fractures through less permeable argillite is observed in bedding-parallel and cross-

cutting veinlets and stringers, which are mineralogically similar to the clastic beds. 

Table 3.4: Criteria used to distinguish bedding parallel veins from thin clastic sulfide beds. 

Clastic sulfide beds Bedding parallel veins 
• lower contact typically irregular due to scouring 

and loading 
• lower contact is sharp to irregular 

• grading of sulfides is common • sulfide grains are not graded; grain size may 
show symmetry from margin to core of vein 

• upper contact is typically gradational • upper contact is sharp to irregular. 

• unmineralized sericite and chlorite-rich lithic 
fragments are common 

• absence of lithic fragments 

• commonly contain organic-rich fine-grained 
argillite matrix, although this may be 
overprinted by late-stage sulfides, quartz or 
dolomite 

• matrix of quartz, dolomite and/or calcite 

• evidence of complexly intergrown, discrete, 
sulfide fragments or broken sphalerite grains 

• absence of discrete sulfide clasts 
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Bedding parallel sulfide-sulfosalt veinlets are similar in appearance to some clastic beds, but are 

distinguished by a number of features summarized in Table 3.4. The veinlets are typically 1 to 2 mm wide 

and occur in argillite below or between sulfide-rich beds. Similarities to the clastic sulfide-sulfosalt beds 

are mainly due to the crystal habit of the sphalerite grains and the similar mineral assemblage. The 

stages of development of bedding parallel sulfide-sulfosalt veins are illustrated in Figure 3.11e to h. 

Deformation textures in 21B zone are generally not abundant at the microscopic scale, but are 

evident locally as flattening of sulfide-sulfosalt clasts, strained textures within minerals, development of 

pressure shadows (Fig. 3.10c), weak alignment of minerals parallel to cleavage (Fig. 3.11d), and small 

offsets along hairline fractures. Pressure shadows typically consist of easily deformed, non-resistant 

minerals, including tetrahedrite, galena, boulangerite and bournonite, formed on the margins of resistant 

sphalerite grains. 

The ore textures described above are typical for the bulk of the 21B zone, however ore at the 

southwestern margin and the northern edge of the orebody are mineralogically and texturally slightly 

different. In the southwest, ore is hosted in strongly chlorite-sericite altered rhyolite and argillite that 

overprinted by strong foliation fabric which trends northward. Thin sulfide-sulfosalt beds and laminations 

similar to those described above occur in the argillite but are strongly deformed and disrupted. Sulfides, 

dominated by sphalerite and tetrahedrite, occur as disseminations and in veinlets, and straddle the 

rhyolite-argillite contact. Stibnite stringers, veinlets and replacement zones are locally abundant. 

At the northern margin of the 21B zone the texture and mineralogy of the ore becomes similar to 

disseminated and massive ore in the NEX zone. Chalcopyrite, which is absent from most of the 21B 

zone, occurs as stringers and inclusions in sphalerite in this area. Locally, mineralogical and textural 

changes occur abruptly across narrow faults, suggesting the two ore types may be structurally 

superimposed. 

Paragenesis 

Sphalerite, tetrahedrite, galena, pyrite, electrum and minor boulangerite and bournonite formed 

early in the paragenetic history of the 21B zone, and were fragmented, transported and redeposited in 

clastic sulfide-rich beds. Sericitic and chloritic fragments similar to the altered footwall rhyolite occur in 

these clastic beds, implying that the source for sulfide fragments included altered rhyolite. The presence 
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of rare massive and clastic barite at the base of the 21B zone suggests a distinct source - individual 

vents or baritic mounds that were subsequently buried by clastic sulfide-sulfosalt beds. 

Continued hydrothermal activity introduced tetrahedrite and pyrite, and probably sphalerite and 

electrum, which formed after deposition of the clastic beds as rims on earlier clasts and mineral grains. 

Hydrothermal fluids evolved chemically and continued to percolate through the clastic pile and along 

permeable ore beds to precipitate later lead sulfosalts, tetrahedrite, quartz, dolomite and calcite. These 

minerals cut, cement, and/or replace the matrix of the clastic beds. Electrum is also associated with this 

stage of mineralization. 

Stibnite, with minor pyrite and arsenopyrite, precipitated from fluids during the later stages of 

hydrothermal overprint in this area. Cinnabar cuts or is intergrown with stibnite and likely formed during 

the final stages of hydrothermal activity in the 21B zone, together with calcite, barite, and mercurian 

sphalerite. 

The paragenetic history of disseminated arsenopyrite in clastic sulfide beds within 21B zone is 

not well constrained since it generally occurs as isolated rhombs in the argillitic matrix. However, relict 

sphalerite and tetrahedrite in poikilitic arsenopyrite rhombs suggest it postdates at least the earliest 

stages of mineralization. 

East Block 

The East Block is a structurally complex orebody that covers an area about 250 metres along 

strike and 90 metres wide at the northeastern margin of the 21B zone (Fig. 3.1). The ore zone consists of 

a complex series of deformed lenses hosted in the base of the contact argillite and upper rhyolite. These 

are controlled and offset by numerous north to north-east trending faults. The zone occurs on the east 

limb of the Eskay anticline and is underlain by a low-grade, sub-vertical, tapering, massive pyrite body 

(Fig. 3.4, D-D'), which likely represents the feeder to sulfide mineralization in this area. Ore-grade 

mineralized zones locally extend into the footwall rhyolite in veinlets and disseminated sulfides. Although 

the sulfide bodies have been folded and faulted in this complex structural zone, an apparent upward 

transition from massive sulfides dominated by pyrite to chalcopyrite to sphalerite-tetrahedrite is preserved 

locally. Chalcopyrite-rich stringers and zones of replacement are common within the massive and clastic 

sulfide lenses and in adjacent argillite host rocks. Although clastic and bedded ore textures are locally 
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recognized, sulfides are dominantly massive to banded. Thinly bedded sulfides are confined mainly to the 

steeply-dipping western portion of the East Block and likely belong genetically to the northeastern portion 

of the 21B zone. 

Mineralogy 

Sulfide mineralogy in the East Block is much more variable than within the 21B zone. The main 

mineralogical difference between the East Block and 21B zones is the absence of lead sulfosalt minerals 

and the presence of chalcopyrite in the East Block. Sphalerite is the dominant sulfide and, with galena, 

occurs throughout the subzone. It is optically distinct from sphalerite in the 21B zone and varies from pale 

yellow with reddish-orange staining in coarse clastic ores, to pale greyish yellow with a dark grey-stained 

appearance in transmitted light in the massive sulfide ores. The dark stained appearance is due to the 

presence of very fine-grained, usually submicron sized, chalcopyrite inclusions that are typically 

concentrated near the margins and along growth bands of the sphalerite grains, but may be distributed 

throughout the sphalerite grain. 

Tetrahedrite in the East Block is locally much more abundant than within the 21B zone (up to 

50%). It occurs mainly throughout the matrix and decreases in abundance where chalcopyrite increases. 

Pyrite is a minor sulfide in the sphalerite-tetrahedrite-rich ores, but is more common in the chalcopyrite-

rich ores and near the base of the ore lens where it locally replaces earlier sulfides. Pyrite becomes 

increasingly prevalent, mainly as euhedral to subhedral grains, as the orebody grades sharply into the 

underlying massive pyrite. 

Minor electrum occurs throughout the ore zone, but irregular blebs are larger (up to 200^m) and 

more common in tetrahedrite-galena-chalcopyrite-rich stringers in the massive sulfides (e.g., 3.12f) than 

in the clastic ore where electrum blebs are rare and usually small (10um). Rare gersdorffite (NiAsS) blebs 

(less than 10um) and arsenopyrite rhombs (about 20um) occur as trace accessory minerals in or adjacent 

to chalcopyrite-galena-tetrahedrite-rich stringers. Minor gersdorffite has also been identified in pyrite-

dominated patches that occur locally in the massive sulfides. Gangue minerals are mainly chlorite, 

sericite, quartz and minor dolomite. Trace accessory minerals in the chloritic matrix include apatite and 

rutile. 
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Clastic ore 

Clastic sulfides in the East Block are mineralogically similar to the 21B zone, but are generally 

finer-grained. They typically consist of irregularly intergrown sphalerite, galena and tetrahedrite and may 

contain subhedral grains of pyrite and/or chalcopyrite. Rare fragments of sphalerite are up to 2 

centimetres across. The largest fragment observed contains growth bands marked by complex 

intergrowth of galena with minor pyrite, tetrahedrite and rare electrum. 

Clastic sulfides occur in a very fine-grained matrix of chlorite, muscovite-sericite, annealed quartz, 

and minor, randomly oriented laths of quartz, which may have replaced barite. Discrete, sharply bounded 

lithic fragments are not observed, and unlike the 21B zone, there is no evidence of diagenetic pyrite in the 

matrix of the East Block clastic ore. Irregular to subhedral sphalerite grains from 10 to 500 microns across 

constitute about 40 percent of the matrix to the ore clasts and are typically surrounded by intergrown 

galena, tetrahedrite and minor pyrite. Larger sphalerite grains also contain inclusions of these minerals. 

As in the 21B zone, tetrahedrite and galena form pressure shadows around the sphalerite grains in areas 

of increased deformation. Electrum occurs in fractures within sphalerite and at grain boundaries in the 

matrix. Chalcopyrite typically constitutes less than 1 % of the clastic ore in the East Block. It occurs locally 

with tetrahedrite in the matrix of clastic ore, but is generally restricted to crosscutting dolomite-rich veinlets 

or discontinuous stringers. Locally, ore fragments are replaced by pyrite or chalcopyrite, which 

pseudomorph the clasts (Fig. 3.12d). 

Massive Ore 

Massive sulfide ore in the East Block consists of irregularly intergrown grains of sphalerite, 

tetrahedrite and galena containing disseminated euhedral to anhedral pyrite. Locally, patches of fine

grained pyrite appear to replace earlier tetrahedrite and galena. Samples contain up to 99% sulfides and 

are typically dominated by sphalerite (about 80%) in a matrix of galena and tetrahedrite, with minor quartz 

as irregular annealed patches. The matrix and sphalerite are variably replaced by chalcopyrite, which 

locally results in a banded texture consisting of alternating sphalerite-rich and chalcopyrite-rich layers of 

irregular thicknesses (Fig. 3.12g). Chalcopyrite also occurs with galena, tetrahedrite, pyrite and minor 

electrum in stringers which cut earlier sulfides and adjacent host rocks (Fig. 3.12e). Blebs of pale yellow 

electrum are most commonly associated with tetrahedrite, galena and chalcopyrite and are locally 
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abundant as irregular patches up to 100u.m across (Fig. 3.12f). Matrix sulfides and minor electrum also 

occur along fractures within the sphalerite grains. 

In the underlying, discordant massive sulfide body (Fig. 3.4 D-D'), pyrite occurs along fractures 

associated with sericitic alteration and locally completely replaces the rhyolite. Immediately adjacent to 

and underlying the East Block sulfide ores, argillite and rhyolite are locally intensely silica altered, giving 

the rocks a pale, sugary texture. Narrow stockwork veinlets in these rocks contain sphalerite, tetrahedrite, 

chalcopyrite, galena, pyrite and rarely pyrargyrite (Ag3SbS3). 

Paragenesis 

Early-formed sphalerite, tetrahedrite, galena and pyrite in the East Block may have been 

fragmented and subsequently overprinted. The mineralogy of this zone suggests that it was affected by 

an upward zone refinement from pyrite to chalcopyrite to tetrahedrite. During deformation, the East Block 

was subjected to significant folding and fault disruptions although the sulfide minerals are not extensively 

recrystallized or remobilized. 

NEX Zone 

The NEX zone occurs at the same stratigraphic horizon as the 21B zone. The two zones are 

separated by unmineralized argillite that overlies the 109 zone but are contiguous along the northwestern 

arm of the 21B zone as it wraps around the western side of the 109 zone (Fig. 3.1). Detailed mapping in 

this area suggests they are in fault contact. 

The NEX zone consists of several lenses within an area about 320 metres along strike and 150 

metres wide. Maximum thickness of the lenses is about 10 metres. Faulting and folding in this area is 

complex and has not been restored, however the geometry of the ore lenses suggests at least portions of 

the NEX zone could have once formed a single tabular orebody. Locally, highly strained massive sulfides 

appear to be confined to narrow structures (less than 1 m wide) cutting strongly altered and foliated 

rhyolite and argillite. The northern and western portions of the zone are dominated by discordant veinlets 

at or near the base of the contact argillite horizon. 

Mineralogy 

Sphalerite is the dominant sulfide in the NEX zone (10-50%), and is associated with variable 

amounts of galena (5-10%) and chalcopyrite (typically 5-10%, and up to 50% in replacement zones). 
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Sphalerite in the NEX zone is optically similar to that in the East Block and is pale yellow to brownish in 

transmitted light and typically has a grey-stained appearance due to abundant, opaque, tiny (less than 

1|xm) chalcopyrite inclusions. Locally, large (up to 2mm), subhedral, pale yellow sphalerite grains are 

supported in a chlorite-rich matrix or scattered throughout finer-grained massive sulfide. Chalcopyrite 

inclusions occur only in the outer rims of these large grains, which may have been either clastically 

deposited or formed as porphyroblasts. 

Tetrahedrite is less abundant than in the East Block and 21B zones, and generally constitutes 

less than 2% of the ore as intergrowths with galena and chalcopyrite. Locally it is concentrated in 

crosscutting tetrahedrite-rich veinlets. Pyrite typically constitutes less than 1% of the ore. Irregular, pale 

yellow blebs of electrum most commonly occur with galena, tetrahedrite and chalcopyrite along margins 

of sphalerite, or filling fractures within sphalerite grains. Electrum is rarely observed in sphalerite grains as 

tiny inclusions (5um). The largest electrum blebs (up to 200u.m across) are typically associated with 

patches of galena. Electrum-rich veinlets have been observed near the north end of the deposit. 

Accessory minerals include rare polybasite, which occurs locally in fractures in sphalerite and as 

blebs with electrum in galena and chalcopyrite. An Ag-S phase, probably acanthite, was identified by 

EDS-SEM in samples that also contain polybasite. The acanthite occurs in narrow (less than 5u,m) 

fractures and along grain boundaries in sphalerite and locally rims electrum grains hosted in galena. Rare 

pyrargyrite has been identified by XRD from veinlets in the NEX zone. Lead sulfosalts have not been 

identified in this zone. 

Gangue minerals are mainly quartz, chlorite, sericite, and locally calcite and dolomite. Quartz is 

the dominant gangue mineral within the massive sulfide ore, forming anhedral patches that typically show 

undulose extinction and annealing. Rarely, quartz occurs as large, isolated, elongate laths, or aggregates 

of fine-grained laths, which may pseudomorph earlier barite. In disseminated and clastic ore, the matrix is 

dominated by fine-grained chlorite with minor sericite and quartz. As in the East Block, clastic ore in the 

NEX zone does not contain any lithic fragments or fine-grained diagenetic pyrite. Calcite and dolomite are 

mainly associated with sulfide-rich veins or zones of replacement and are most common near the north 

end of the deposit. 

98 



The NEX zone locally extends into the underlying rhyolite as disseminated sulfides and stockwork 

sulfide veinlets. The mineralogy in these veins is similar to the bulk of the NEX zone although pyrite is 

more abundant. Narrow veinlets of native silver have been observed locally immediately underlying the 

massive sulfides. The rhyolite host rocks in these mineralized zones are extensively silicified. 

Ore Textures and Mineral Paragenesis 

Mineralogically, texturally, and paragenetically the NEX zone is similar to the East Block ores, 

although tetrahedrite is much less abundant. Textures range from vein and disseminated sulfides within 

the upper footwall rhyolite, to mottled or banded massive sulfides within the contact argillite. Clastic 

textures in the NEX zone are similar to those in the East Block, but are less common (e.g., Fig. 3.12g). 

Most of the ore in the NEX zone is massive (Fig. 3.13a) and cut by a fine network of chalcopyrite-

rich stringers or extensively replaced by fine-grained chalcopyrite. Disseminated sulfides (up to 40%) are 

common near the top of the NEX zone and in argillite adjacent to massive sulfides where stratigraphic 

relationships have been destroyed by deformation. 

Massive sulfides are commonly banded due to alternating layers of sphalerite-dominant and 

chalcopyrite-dominant ore. Textures in the chalcopyrite-rich bands indicate replacement of earlier 

sphalerite-rich ore. Elsewhere, massive ores have a finely stockwork-veined appearance in hand sample 

due to narrow (about 50u.m thick) stringers of galena, chalcopyrite and tetrahedrite which anastomose 

along grain boundaries in massive sphalerite. 

Most of the massive sulfides are not deformed or recrystallized. Penetrative deformation fabrics 

are present near faults and tight folds, which have affected much of the north end of the deposit. 

Hanging Wall (HW) Zone 

The stratiform Hanging Wall (HW) zone occurs stratigraphically above the NEX zone and extends over a 

similar area. The ore is hosted in the upper portion of the contact argillite horizon, locally as much as 40 

metres above the NEX zone (Fig. 3.4 G-G'). The geometry of the HW zone is complicated by extensive 

folding and faulting in this area, but may reflect a formerly continuous sulfide lens or group of lenses. 
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Figure 3.13: Photomicrographs of ore in the NEX, HW, 109, 21 C-rhyolite, 21E, Pumphouse-rhyolite and 
21A zones. Shown in reflected light unless otherwise specified. Abbreviations as in Fig. 3.8. 

a) Fine-grained massive sulfide ore in the NEX zone comprising dominantly sphalerite with 
galena, chalcopyrite and pyrite. 

b) Sphalerite-rich band in massive sulfide ore in the HW zone. Growth zones in sphalerite 
are defined by inclusions of chalcopyrite in a matrix of galena and quartz with 
disseminated subhedral pyrite grains throughout. 

c) Disseminated pyrite, sphalerite and galena and minor chalcopyrite in a chlorite-quartz 
matrix, cut by a discontinuous veinlet of chalcopyrite and quartz. 

d) Electrum (dark yellow), with pyrite, occurs interstitial to quartz within Stage III veins in the 
109 zone (See Fig. 3.6d). 

e) Very fine-grained sericite (light) and chlorite (dark patches) are the dominant minerals in 
the 21 C-rhyolite zone and are typically strongly foliated. Light specks are small, 
disseminated quartz grains. Fine-grained opaque minerals are dominantly pyrite, with 
trace sphalerite and tetrahedrite, and are concentrated along an alteration front extending 
down the left side of the photo and along the lower edge, (cross-polarized light). 

f) Composite photomicrograph showing mottled intergrowths of sphalerite and sulfosalts in 
a siliceous matrix in a massive sulfide vein in the 21E zone. 

g) Sphalerite and needles of jamesonite in quartz and calcite in the Pumphouse-rhyolite 
zone. (Plane polarized transmitted light.) 

h) A patch of stibnite surrounded by realgar and associated with minor arsenopyrite, 
electrum and muscovite sheaves in massive sulfide of the 21A zone. 
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Mineralogy 

The mineralogy is dominated by pyrite, with lesser sphalerite, galena, chalcopyrite, and minor 

tetrahedrite. Pyrite constitutes up to 80% of the sulfides in the HW zone, mainly as subhedral to euhedral 

grains (averaging about 300u.m across) in a quartz-chlorite-carbonate or sphalerite-galena-rich matrix 

(Fig. 3.13c). Primary sulfide textures such as colloform and framboidal pyrite are locally well preserved, 

particularly in carbonate-rich matrix. Colloform pyrite is typically formed on a core of sphalerite and minor 

galena. 

Sphalerite occurs as fine-grained masses and clusters of large euhedral crystals with well-

developed growth bands, marked by chalcopyrite inclusions (Fig. 3.13b). In hand sample, sphalerite in 

the HW zone is much darker than in the 21B, East Block or NEX zones due to abundant chalcopyrite 

inclusions. Galena and minor tetrahedrite form intergrowths with sphalerite. Late chalcopyrite overprints 

earlier sulfides as patches along sulfide grain boundaries and in crosscutting stringers. Electrum is rare, 

but occurs with galena, sphalerite and minor tetrahedrite interstitial to pyrite and locally with patches of 

chalcopyrite. 

Gangue minerals within the HW zone are mainly quartz, calcite and dolomite interstitial to the 

sulfides, and generally comprising less than 10% of the ore. Barite, calcite and dolomite increase in 

abundance towards the upper contact of the HW zone, locally forming sulfide-poor masses that appear to 

cap the sulfide lens (Fig. 3.6b). Massive carbonate may contain disseminated sphalerite, pyrite, galena, 

quartz and minor tetrahedrite. Barite is rare within the massive sulfides, occurring as randomly oriented 

laths in sulfide and carbonate-rich matrix. 

Ore Textures and Mineral Paragenesis 

Texturally, the HW zone is dominated by massive sulfides. The sulfide lens likely formed below a 

barite- and calcite-rich horizon or cap at the top of the lenses. The sulfides are locally vuggy and corroded 

near the upper contact of the lens (Fig. 3.6b). Disseminated sulfides are abundant adjacent to" the 

massive lenses. Clastic textures are not observed. 

Petrographic observations in the HW zone suggest that sphalerite, galena, tetrahedrite and pyrite 

formed early and were subsequently overprinted by pyrite, folllowed by chalcopyrite. This sequence may 

be due to upward zone refining and subseafloor replacement processes, at least in the latter stages of 

sulfide precipitation. Extensive faulting and deformation in this area has locally destroyed stratigraphic 
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relationships and primary textures, resulting in small-scale stacking of lenses and disruption of formerly 

continuous lenses. 

109 Zone 

The 109 zone is a stockwork vein system hosted entirely within rhyolite and located between the 

21B and NEX zones (Fig. 3.1). It is overlain by relatively unmineralized argillite, containing few narrow 

quartz-sulfide stringers. The orebody has a bulbous shape, which is about 80 metres in diameter, slightly 

elongated in the vertical dimension, and plunges steeply to the northeast. Rhyolite that hosts the 109 

zone is dominated by strongly silicified flow banded to autobrecciated textures. 

The sulfide mineralogy in the 109 zone is restricted to sphalerite, galena, pyrite and minor 

chalcopyrite. Sulfosalts are absent. Electrum occurs locally at grain boundaries between quartz or as 

blebs within other sulfides. The ore is contained in a network of crosscutting veins and veinlets (Fig. 

3.6d), which locally form a regularly spaced boxwork (20 to 30 centimetres apart) in intensely silicified 

flow banded rhyolite. At least four vein-types have been identified. 

Type I veinlets are narrow and dominated by pyrite, with minor galena, sphalerite and quartz. 

Colloform textures are common, suggesting open space growth inward from the margins. The veinlets 

form a complex, irregular network in siliceous rhyolite. 

Type II veinlets host most of the sulfides in the 109 zone and range from less than 1 centimetre to 

about 20 centimetres in width. The sulfide minerals are dominated by pyrite, sphalerite and galena, with 

minor chalcopyrite, and are intergrown with quartz, chlorite and sericite. The minerals are medium grained 

to locally coarse grained (up to 2 mm across). Sphalerite in type II veins is typically dark reddish brown in 

hand sample. Fine chalcopyrite inclusions are visible in thin section. Growth bands, marked by variation 

in colour and abundance of chalcopyrite inclusions, are locally well-preserved in coarser sphalerite grains. 

Electrum is rare in these veins. Vein margins are sharp to gradational with the host rhyolite. Alteration 

envelopes adjacent to type II veins are generally dominated by chlorite and sericite, grading outwards 

towards pervasive silica-sericte alteration that dominates the 109 zone. 

Type III veins and veinlets are quartz-rich, typically contain less than 10% sulfides, and are 

associated with silica-carbon alteration in the host rhyolite. The sulfides are fine-grained and include 

mainly sphalerite, with lesser galena and pyrite, minor electrum and rare chalcopyrite interstitial to coarse, 
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annealed quartz grains. Sphalerite in these veinlets is generally pale yellow, both in hand sample and in 

transmitted light in thin section, and is free of chalcopyrite inclusions. Electrum occurs most commonly in 

this vein-type as blebs in pyrite or sphalerite, or along grain boundaries between the sulfides. Vein 

margins are sharp and adjacent alteration assemblages are dominated by silica, sericite, and extremely 

fine-grained amorphous carbon, which gives the rhyolite a patchy, black stained appearance (Fig. 3.6d). 

Silicification is pervasive and is cut by hairline fractures containing sericite and fine, disseminated pyrite. 

Distribution of extrememely fine-grained carbon is controlled along hairline fractures. Locally it 

preferentially infiltrates sericite-rich flow-bands and highlights the primary flow banded texture of the 

massive and autobrecciated rhyolite in this area. 

Type IV veinlets are generally narrow (<1cm) and contain mainly quartz with less than 1% fine

grained sulfides. These veinlets locally contain spectacular accumulations of visible gold (e.g., Fig. 3.6e) 

Coarse electrum occurs locally interstitial to quartz, either alone or with minor sulfides (Fig. 3.13d). 

Sulfides may include sphalerite, galena and pyrite. These sulfide-poor veins have siliceous alteration 

envelopes, which locally overprint and 'bleach' earlier amorphous carbon alteration. 

Complex cross-cutting relationships indicate that veins of Type I are generally cut by Type II, and 

Type III usually crosscut both Types I and II. Type IV veins appear to cut all earlier veins, although this is 

poorly constrained. These relationships suggest that ore-forming fluids within the 109 zone evolved from 

early pyrite-dominated mineral deposition, to a more base-metal (Zn-Pb±Cu) rich fluid, and finally to a 

base-metal depleted and gold-rich fluid. 

21C Zone 

The 21C is an elongate, discontinuous zone located about 200 metres east of the 21B zone that 

extends over a strike length of about 900 metres. The lack of continuity along the subzone is an artifact of 

the high gold-silver grade cutoff used to build the ore resource and reserve models (Fig. 3.1). Precious-

metal enriched mineralization in the 21C zone occurs in three stacked, discontinuous horizons in the 

contact argillite, and in narrow, steeply dipping zones within the underlying rhyolite (Fig. 3.4, C-C). The 

bulk of the ore in this zone is hosted in the rhyolite. Early interpretations suggested the rhyolite-hosted 

zone was tabular and sub-concordant to stratigraphy (Edmunds et al., 1994; Chapter 2 - Roth et al., 
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1999), however additional information indicates the mineralization is confined to multiple, narrow, 

sub-vertical, strongly foliated zones within sericite-quartz altered rhyolite. 

The lowermost mineralized stratiform horizon is at the base of the contact argillite in the same 

stratigraphic position as the 21B zone and is referred to as the 21C-contact zone. It consists of mainly 

disseminated and vein sulfides and brecciated argillite cemented by a sulfide-rich matrix. In places, 

disseminated sulfides associated with precious metal enrichment are extremely fine-grained and not 

visible macroscopically. The 21C-contact zone is overlain by unmineralized argillite that separates it from 

the overlying 21C-barite zone. This stratigraphically higher zone consists of massive barite beds up to 1 

metre thick, and argillite beds containing up to 50% randomly oriented bladed barite. The 21 C-barite zone 

contains <1% sulfides dominated by fine-grained disseminated tetrahedrite and pyrite. The 21C-HW zone 

occurs stratigraphically above the barite-rich zone at the same stratigraphic horizon as the HW zone, 

which is texturally and mineralogically similar. 

Precious metals in 21C rhyolite zone are associated with less than 2%, extremely fine-grained 

disseminated sulfides and rare sulfide veinlets. In drillcore this zone is usually visually indistinguishable 

from surrounding, unmineralized rhyolite and can be detected only by sample assay. Sulfide minerals are 

dominated by pyrite, lesser sphalerite and galena, and trace chalcopyrite, tetrahedrite and boulangerite. 

Pyrite is disseminated throughout and is typically fine-grained and euhedral. Sphalerite grains, typically 

<10 microns across, are interstitial to chlorite and sericite and are usually associated with patches of 

pyrite. Galena is sparsely disseminated and is associated mainly with zones of intense sericite alteration. 

Chalcopyrite, boulangerite and tetrahedrite are rare and associated with patchy dolomite alteration or 

hairline veinlets. Electrum was observed in only one sample as interstitial grains within a quartz veinlet. 

The host rhyolite is variably altered and consists mainly of fine-grained quartz, sericite and 

chlorite. Isolated, round quartz-eyes, up to 200/vm across, are rare. Alteration is generally patchy, or 

controlled by hairline fractures containing fine-grained pyrite and sericite with envelopes of quartz-sericite 

that grade outwards into a quartz-carbonate (mainly dolomite and lesser calcite) assemblage. Accessory 

minerals identified by SEM-EDS include rutile and monazite. 
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21E Zone 

The 21E zone is located southeast of the East Block, on the east side of the Pumphouse Fault, 

and consists of a small, stratiform body covering an area of about 90 metres by 110 metres (Fig. 3.1). 

Geology is complex in this area and the orebody is offset along faults into at least three ore lenses (Fig. 

3.4, E-E'). Most of the ore occurs at the base of the contact argillite as fine-grained, banded, veined, 

deformed and contorted sulfides (Fig. 3.6c). Ore-grade precious-metal mineralization is also associated 

with extremely fine-grained disseminated sulfides in argillite adjacent to the massive to semi-massive 

sulfide ore. The 21E zone is mineralogically similar to the 21B zone, but it is texturally distinct. 

Mineralogy 

The sulfide mineralogy of the 21E zone is dominated by irregularly intergrown, fine-grained 

sphalerite (5 to 40%), tetrahedrite (1 to10%), boulangerite and bournonite (1 to 10%), galena (1 to 5%), 

minor pyrite (less than 1%), and trace electrum in a quartz-rich matrix. Chalcopyrite was not observed. 

Sphalerite is inclusion-free and typically pale yellow in larger grains, to reddish-brown in fine

grained intergrowths. Many of the larger grains are rimmed with a reddish-orange stain and, as in the 21B 

zone, may contain tetrahedrite in hairline fractures that are red in transmitted light. 

Tetrahedrite and galena occur as patchy intergrowths on the margins of large sphalerite grains, 

and with fine-grained irregular sphalerite and lead sulfosalts interstitial to quartz. Lead sulfosalts appear 

to be restricted to fine-grained intergrowths and what appear to be discontinuous lead sulfosalt-rich 

stringers in the matrix between larger sphalerite grains. 

Radiating clusters of fine boulangerite needles are present locally in coarse-grained (300um) 

patches of annealed quartz. Pyrite is a minor component of the 21E zone, but occurs as scattered 

subhedral grains throughout the sulfides and locally has a spongy texture where it is intergrown with , 

tetrahedrite in patches similar to those observed in the 21B zone. Electrum is rare as irregular blebs (20 

to 50um across) that occur at grain boundaries with galena, tetrahedrite, and lead sulfosalts. These 

sulfides are intergrown in the matrix between coarser sphalerite grains. 
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Ore Textures 

Sulfides occur mainly in anastomosing veins that are semi-massive to massive and typically 

contain 50 to 80% sulfides. Most of the sulfides are irregularly intergrown in interstices between patches 

of annealed quartz and discontinuous stringers and patches of sericite. 

Locally, angular, sulfide-free lithic fragments about 3 millimetres across (up to 1cm) of varying 

composition are dispersed throughout the sulfide-quartz-rich ore. The lithic fragments range from 

monomineralic chloritic or sericitic fragments, to clasts consisting of finer-grained fragments or fine

grained quartz-sericite that is texturally similar to footwall rhyolite. Argillite is preserved locally in irregular 

mottled, chloritic patches that contain minor disseminated pyrite. Scattered, pale, subhedral sphalerite 

grains, up to 1 mm across, occur among the lithic fragments associated with minor galena and 

tetrahedrite. Few oval patches of fine-grained intergrown sphalerite, galena and tetrahedrite are present 

and are of ambiguous origin, but may have been deposited as sulfide clasts. Discontinuous lead sulfosalt-

rich stringers anastomose between these apparent fragments in a quartz-rich matrix. 

Although primary textures in the 21E zone have generally been overprinted by veins and 

alteration, the presence of mixed lithic fragments and possible relict sulfide fragments suggests that the 

protolith may have been a clastic sulfide sequence. The mineralogy of the relict clasts and the 

stratigraphic position of the subzone are similar to clastic beds in the 21B zone. 

Pumphouse Zone 

The Pumphouse Zone is a small subzone that is about 20 metres wide and that extends about 70 

metres along strike within the complex Pumphouse Fault zone. Most of the ore is hosted in the footwall 

rhyolite and dips steeply to the east. An overlying stratiform zone at the base of the contact argillite 

(Pumphouse-contact zone; Fig. 3.4, B-B') is texturally and mineralogically similar to the 21B zone. Clastic 

sulfides are extensively replaced by lead sulfosalts. 

The Pumphouse-rhyolite zone consists of sulfide veinlets and fine-grained disseminated sulfides 

(less than 250um) in strongly to intensely altered rhyolite. Sulfide content is typically about 3 to 5 percent, 

and rarely up to 10 percent, and is dominated by sphalerite, associated with pyrite, galena and 

tetrahedrite. Sphalerite grains are irregular and typically pale yellow to pale orange in transmitted light. 

Electrum is sparse but occurs as blebs at sulfide grain boundaries or within sulfides such as pyrite. 
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Needles of lead sulfosalts are locally disseminated in quartz and carbonate (Fig. 3.13g). In one sample 

these were identified as jamesonite, but elsewhere the mineralogy may include boulangerite. 

The disseminated sulfides are typically very fine-grained and clustered in patches or stringers of 

quartz-sericite-chlorite ± dolomite alteration that overprints aphanitic rhyolite consisting mainly of quartz 

and sericite. Primary flow banding is weakly preserved in some samples. Sericite is typically concentrated 

along hairline fractures. Dolomite occurs in crosscutting fractures and locally forms irregular patches, 

which contain radiating needles of lead sulfosalts. 

In general, pyrite is disseminated throughout the rhyolite in association with early pervasive 

sericite ± chlorite alteration. Later sphalerite, galena, pyrite and tetrahedrite occur in quartz-rich veinlets 

and fractures,with sericitic envelopes. Dolomite and lead sulfosalts were introduced during the later 

stages of mineralization and overprint earlier fabrics. 

21A Zone 

The 21A zone consists of small sub-economic sulfide lenses in argillite, underlain by stockwork 

vein and disseminated sulfides hosted in altered rhyolite. The subzone is centered about 200 metres 

south of 21B zone and extends over an area about 240 metres long by 180 metres wide. The 21 A-contact 

zone consists of at least two massive to semi-massive sulfide lenses, probably representing a single lens 

offset by a fault (Fig. 3.1). The zone is enriched in precious metals (Table 3.1), but is currently 

uneconomic due to the associated sulfide mineralogy. The host argillite is thickened in the area coincident 

with the sulfide lenses suggesting deposition in a small sub-basin (Fig. 3.3). The geology, mineralogy and 

associated alteration of the 21A zone is described in Roth (1993b), but follow-up drilling in the late 1990's 

provided additional information which improved the understanding of the geometry of the zone and 

resulted in discovery of the western sulfide lens (Fig. 3.1). 

Mineralogy and textures in the 21 A-contact zone 

The 21 A-contact zone consists mainly of a small, visually spectacular accumulation of 

stratabound, possibly stratiform, sulfides dominated by stibnite, realgar, orpiment and cinnabar. Intervals 

of massive, fine-grained stibnite may contain less than 2% disseminated rhombs of arsenopyrite, trace 

sphalerite, and minor patches of quartz and calcite. Massive stibnite grades upwards to stibnite 

intergrown with realgar and irregular patches of quartz and calcite. Stibnite also occurs as rounded 
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patches or clasts in a realgar matrix, or in crosscutting veins that may also contain cinnabar. Rarely, 

stibnite occurs as needles in quartz-calcite veins. 

Realgar is most abundant in the massive and semi-massive sulfide lenses but is also localized in 

veinlets with calcite-rich selvages that cut argillite surrounding the lenses. These veinlets are locally cut 

by later stibnite-cinnabar veinlets. Orpiment is most abundant in veins cutting massive realgar-stibnite in 

the western sulfide lens (Fig. 3.1). Native arsenic is rare, occurring as isolated grains along the margins of 

realgar veins and in massive stibnite-realgar horizons where it was observed in association with electrum. 

Electrum is rare as irregular blebs associated with realgar, stibnite and native arsenic in the 

massive to semi-massive lenses. Pyrite is ubiquitous although it is a minor component of the sulfide 

accumulation. It is disseminated in all stratigraphic horizons in habits ranging from framboids and 

spheroids to euhedral cubes and dodecahedrons. Cinnabar fills late fractures in the massive sulfides and 

occurs with realgar and calcite in veinlets. Minor disseminated arsenopyrite rhombs occur locally in 

otherwise unmineralized contact argillite, stratigraphically above the sulfide lenses. 

Angular argillite fragments are common in the massive to semi-massive sulfide, reaching about 

30% of the volume locally. The origin of these fragments is ambiguous. Locally they have a clastic 

appearance, but elsewhere their distinctly angular nature suggests in situ brecciation and cementation by 

realgar and stibnite. Much of the stibnite and realgar is hosted in veins and veinlets indicating Sb-As-rich 

sulfide precipitation was active after deposition of the host argillite. A single realgar-rich vein observed at 

the south end of the 21B zone is texturally similar to the massive to semi-massive sulfides in the main 

part of the 21 A-contact zone and cuts strongly foliated sulfide laminations. This vein provides further 

evidence that As-rich mineralization postdates argillite deposition, and at least locally, deposition of the 

21B zone. 

Mineralogy and textures in the 21A-rhvolite zone 

The 21 A-rhyolite zone underlies the stratiform realgar-stibnite lenses and shows a vertical 

zonation in mineralogy and metal content. In the deepest portions of the rhyolite and underlying footwall 

volcanic unit, thin veinlets contain dominantly sphalerite, galena, pyrite, quartz and minor chalcopyrite. 

Chalcopyrite decreases in abundance upward and is absent from the upper parts of the rhyolite 

sequence, where tetrahedrite is the only copper-bearing mineral. Sphalerite is honey-yellow and 
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inclusion-free near the top of the sequence, but becomes increasingly reddish-brown with depth below 

the contact argillite as chalcopyrite inclusions increase in abundance. Disseminated arsenopyrite and 

stibnite are locally abundant in the upper 50 metres of the rhyolite as randomly oriented, elongate needles 

in intensely sericitized rhyolite that immediately underlies the massive sulfide lenses. 

Genetic Constraints from Ore Textures and Mineralogy 

The mineralogy and ore textures observed in each of the zones reflect the protracted 

hydrothermal history of the Eskay Creek deposit. The stratigraphic relationships between the stratiform 

ore lenses indicate that mineralization was associated with two distinct hydrothermal events, each of 

which preserved a history of heating and cooling (Fig. 3.14). Early ore textures are modified by 

replacement, remobilization and deformation through the evolution and waning stages of the 

hydrothermal system, followed by diagenesis, and subsequent regional tectonism and metamorphism. 

The result is a complex, and sometimes contradictory, paragenetic relationship among the sulfides. 

Despite these complexities, primary textures are locally well preserved and provide evidence for 

conditions during the early stages of the ore-forming system. 

Relative Timing Among the Orebodies 

The relative timing of formation among the subzones in the #21 Zone is poorly constrained, but 

may be inferred from stratigraphic positions, mineralogical similarities, and cross-cutting relationships. 

Synsedimentary ore, defined by clasts at the base of the contact argillite in the 21B, East Block, NEX, 

21E and Pumphouse-contact zones, must have formed contemporaneously. Accumulation of 

unmineralized argillite above these subzones indicates a hiatus in hydrothermal activity at the seafloor 

during continued sedimentation. The HW zone in the upper contact argillite records later hydrothermal 

activity above the NEX zone. The 21C-barite zone lies stratigraphically between the lower stratiform 

orebodies and the stratigraphically higher HW and 21C-HW zones. Massive barite likely formed at the 

seafloor where Ba-bearing hydrothermal fluids reacted with seawater sulfate and were therefore 

deposited after accumulation of the lower contact argillite, but before onset of HW mineralization. 

Stockwork vein and disseminated sulfides in the 21C-contact and 21 C-rhyolite zones dip steeply below 

the 21C-barite zone and were likely deposited in the feeder to this zone, although they could have formed 
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Figure 3.14: Genetic history of the Eskay Creek deposit showing relative timing of major depositional 
events, as indicated by geologic and textural relationships. Two periods of hydrothermal 
activity are represented by 'Stage I' and 'Stage II'. The relative timing of some events is 
poorly constrained, but proposed periods of activity are shown as dashed lines. 
Dominant minerals associated with each stage are shown relative to the major 
subzones. (Abbreviations: BA = barite; Cl = cinnabar; CP = chalcopyrite; EL = 
electrum; GL = galena; PbSS = lead sulfosalts; PY = pyrite; QZ = quartz; RE = realgar; 
SL = sphalerite; ST = stibnite; TT = tetrahedrite) 

111 



earlier, or during later deposition of the overlying 21C-HW zones which are stratigraphically coincident 

with the HW zone. Cross-cutting basaltic dykes and sills indicate that the HW zones must have formed 

prior to the onset of basaltic volcanism represented by the overlying pillowed flows. 

Timing of the 21A zone is not well constrained although it is stratigraphically coincident with the 

21B zone. The realgar-rich vein observed cross-cutting the south end of the 21B zone postdate 

deposition of clastic beds in this area. If the vein was emplaced concurrent with formation of the realgar-

stibnite-rich lenses, then the 21A zone also postdates clastic deposition in the 21B zone. By inference, 

the abundance of epithermal-suite elements in both the 21A zone and the late stibnite-cinnabar veins in 

the centre of the 21B zone suggests that these events could be synchronous. 

Discordant zones that spatially underlie stratiform zones are likely feeders to, and 

contemporaneous with, their overlying orebodies. Spatial relationships are well-defined in the East Block, 

Pumphouse, 21C, and 21A zones. No discrete feeder has been identified below the 21B zone, however 

numerous disseminated sulfides and veinlets hosted in the footwall rhyolite are likely related to 21B zone 

mineralization. The Pumphouse Fault zone may have acted as a conduit for fluids, as indicated by the 

increase in sulfides near the fault (Fig. 3.7). The source of clasts in the 21B zone appears to be near the 

center of the orebody, adjacent to the Pumphouse Fault zone, as discussed in Chapter 4. 

The 109 zone, however, is not well-constrained and is overlain by argillite cut only by sparse 

quartz-sulfide veinlets. This indicates that at least some hydrothermal activity in this zone postdates 

argillite sedimentation, and therefore also postdates formation of ore in the lower contact argillite. The 

bulbous geometry of the 109 zone (Fig. 3.4 F-F' and G-G') forms a hump in the stratigraphy between the 

21B and NEX zones. This may be the result of deformation of sericite-chlorite altered rhyolite around a 

resistant siliceous mass, or it may reflect a paleotopographic high. If stratiform sulfides were orginally 

deposited above the 109 zone, they may have been eroded and clastically reworked, perhaps mainly into 

the NEX zone. Quartz-sulfide veinlets above the 109 zone suggest a connection to the formation of the 

overlying HW zone. Hydrothermal activity in the 109 zone may have spanned the duration of 

mineralization in the deposit. 
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Mineral Paragenesis 

The paragenetic sequence of mineral deposition in the Eskay Creek deposit, inferred from 

geologic relationships and ore textures described above, is summarized in Figure 3.15. Spatial 

distribution of these ore-forming minerals is shown in Figures 3.16 and 3.17. 

Early hydrothermal activity (stage I) deposited sulfides and sulfosalts that were fragmented and 

clastically reworked into bedded ores that characterize the 21B zone. Ore clasts dominantly comprise 

sphalerite, galena, tetrahedrite, pyrite, and minor electrum. Lead sulfosalt minerals observed in a few 

coarse fragments in the 21B zone may have formed locally, or perhaps during the later stages of mound-

building. Textural evidence from fragmental ore in parts of the East Block and NEX zones, such as the 

absence of entrained lithic fragments, poorly defined bedding, and chloritic rather than argillitic matrix, 

suggest that depositional processes in these ores differed from emplacement of bedded ores in the 21B 

zone. Fragments in the East Block and NEX zones may reflect local collapse or in-situ brecciation of 

discrete seafloor vent sites. Nevertheless, timing of these ores is constrained to early stage I 

mineralization since they predate burial by sediments of the host argillite. 

Veins, veinlets and replacement of the early clastic ore indicate hydrothermal activity continued 

after fragmentation and reworking of the early clasts. Matrix replacement and rims on clasts are 

dominated by sphalerite and tetrahedrite. Tetrahedrite rims, veinlets and replacement extend throughout 

the 21B zone as well as the 21E, Pumphouse-contact, East Block and NEX zones. These textures are 

replaced and crosscut by later lead sulfosalt-rich mineralization, reflecting the evolution to more Pb-Sb-

rich hydrothermal fluids by mid-stage I. Lead sulfosalts are most abundant in the central core of the 21B 

zone (Fig. 3.16), but they are also present in the 21E and Pumphouse-contact zones. These minerals are 

absent in the NEX, 21C and 21A zones, suggesting later hydrothermal fluids had limited migration. 

The latest fluids of stage I introduced stibnite along localized veins and replacement zones in the 

21B zone. The limited distribution of stibnite to the centre and southwestern corner of the 21B zone 

suggests that the latest fluids were more restricted than fluids of the lead-sulfosalt stage. Cinnabar-rich 

veins occur only locally in the central part of the 21B zone (Fig. 3.17) and mark the end of stage I. 

Electrum is associated with all minerals formed during early to mid-stage I hydrothermal activity, but is 
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Figure 3.15: Proposed paragenetic sequence of sulfide-sulfosalt precipitation in the Eskay Creek 
orebodies. Hydrothermal activity evolved and waned during the formation of the 21B zone 
(Stage I) and was reactivated after a hiatus to form the HW zone (Stage II). Pelagic 
sedimentation was continuous throughout the formation of the deposit. 
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Figure 3.16: Schematic distribution of sulfides in stratiform subzones of the Eskay Creek deposit, hosted 
at the base of the contact argillite. Amounts shown are approximate averages within each 
subzone. a) Subzones hosted at the base of the contact argillite. b) Sphalerite, c) 
Tetrahedrite. d) Lead sulfosalts, including boulangerite, bournonite, jamesonite, zinkenite, 
and others, e) Galena, f) Chalcopyrite. Localized replacement zones within the East Block 
may contain up to 40% chalcopyrite. 
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Figure 3.17: 
Occurrence of sulfides with 
restricted distribution patterns 
in stratiform subzones at the 
base of the contact argillite 
(refer to Fig. 3.16a). Stars 
indicate sample locations in 
which the indicated mineral 
was observed. 
a) Stibnite as fine-grained 
masses and veins. 
b) Realgar, as fine-grained 
masses and veins. 
c) Disseminated 
arsenopyrite, where contents 
are greater than 1%. 
Arsenopyrite occurs in trace 
to minor amounts throughout 
the 21B zone. 
d) Cinnabar veins and 
fracture fillings. In the central 
part of the 21B zone, 
cinnabar locally occurs as 
fine-grained massive 
replacement zones with 
carbonates, barite and 
mercurian sphalerite. 
e) Massive barite at the base 
of the contact argillite. 
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absent from late-stage stibnite and cinnabar veins in the 21B zone. Conversely, electrum occurs with 

realgar and stibnite in the 21A zone. Thus, the conditions responsible for formation of the 21A zone were 

distinct and timing is not well-constrained. 

Unmineralized argillite above the 21B zone indicates a hiatus in hydrothermal activity at the 

seafloor before the onset of stage II, which resulted in formation of the stratigraphically higher HW and 

21C-HW zones (Fig. 3.15). Mineralization associated with stage II is characterized by abundant pyrite and 

chalcopyrite, which crosscut and partially replace the lower stratiform orebodies that spatially underlie the 

HW zone (Fig. 3.16). Massive sulfides and replacement textures are dominant in the HW zone, 

suggesting it may have formed as a seafloor or subseafloor mound. Massive barite and calcite, common 

in the upper parts of the HW lens, suggest the mound may have been capped at the seafloor resulting in 

a higher temperature mineral assemblage than observed elsewhere in the Eskay Creek deposit. In 

particular, chalcopyrite occurs mainly in cross-cutting veinlets within the lens, and is therefore late in the 

paragenesis of the subzone. The vuggy nature of the HW zone may be due to dissolution of calcite, or 

possibly anhydrite, although neither anhydrite nor gypsum are preserved. 

Diagenetic processes are difficult to document unambiguously due to the complex hydrothermal 

and late deformation overprints. Diagenetic processes may have been responsible for disseminated pyrite 

observed in the argillite matrix of bedded ore (Berner, 1984). Early pyrite framboids may have 

recrystallized during cooling and burial to form disseminated pyrite cubes as described by England and 

Ostwald (1993) and Craig et al. (1998). Delicate intergrowths and colloform textures are preserved in 

many sulfide clasts, however, indicating post-depositional reequilibration and recrystallization processes 

were not extensive. The dodecahedral habit of some pyrite in the clastic matrix of 21B zone beds is 

indicative of low temperatures of formation (Craig, 1990). Sulfide-sulfosalt clasts are elongated parallel to 

bedding and may have undergone flattening during burial and lithostatic loading. 

Metamorphism and deformation have not affected many of the primary clastic and secondary 

hydrothermal ore textures in the Eskay Creek orebodies. However, these processes are represented 

locally where sulfides and sulfosalts have been remobilized into pressure shadows and realigned parallel 

to cleavage formed during folding of the Eskay Creek anticline. In narrow zones of strong foliation, 

crenulated sulfide laminations and veinlets have been observed. Rare examples of trace gold and 
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sphalerite in calcite-filled tension fractures are found cutting argillite above the 21B ore horizon, indicating 

limited remobilization may have occurred during tectonism. 

Part II: Mineral Chemistry 

The chemical compositions of sphalerite, tetrahedrite, lead sulfosalts, electrum, pyrite, galena and 

stibnite in selected samples were determined by electron-probe microanalysis (EPMA). This study was 

undertaken to evaluate: 

• spatial variations in trace element composition of these minerals within each of the subzones, 

• variations in the trace element content among textural varieties and paragenetic stages of the 

minerals, 

• host minerals for precious metal and epithermal elements, 

• compositional variations among the subzones to determine possible genetic relationships, 

• chemical constraints on the ore-forming fluids. 

EPMA data were collected at the University of British Columbia using a fully automated Cameca 

SX-50 microprobe in wavelength dispersion mode. An excitation voltage of 20 KeV, beam current of 20 

nA, and beam diameter of 2/jm were used for all points (Appendix B). Data were collected from 51 

polished thin sections selected from the 21B, East Block, NEX, HW, 109, and Pumphouse-rhyolite zones. 

An earlier study was conducted by Barnett (1990) and compiled in an internal report for Prime 

Resources Inc. Barnett's study includes EPMA analyses from 9 samples in the 21A zone, 13 samples 

within the ore of the 21B zone, and 2 samples from the 109 zone. These data are presented in element 

distribution plots to augment data from the current study, but are not incorporated in the statistical 

summaries or tables of results. 

Sphalerite 

Sphalerite was analyzed for Zn, Fe, Mn, Cd, Hg, Co, As, Pb, Ni and S and the results are 

summarized in Table 3.5. All measurements of Co, As, Pb, and Ni are below the detection limit of the 

microprobe for the conditions used. Sb was detected in measurable amounts in 46 of the 814 analyses 

from the 21B, East Block, and NEX zones, with values ranging up to 1.48 weight percent Sb. However, 
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Table 3.5: Summary of EPMA data for all sphalerite analyzed in the Eskay Creek deposit. Data represent 
959 spot analyses in 51 samples (except Co, As, Sb, Pb and Ni, which were measured in 540 
spot analyses). Results are shown in weight percent. 

Element min max mean 2a 
Zn 44.87 67.25 64.10 4.57 
Fe 0.13 5.88 1.23 2.45 
Mn <det. 0.69 0.17 0.24 
Cd < det. 0.60 0.27 0.12 
Hg < det. 26.75 0.83 5.48 
Co <det. <det. <det. -As <det. <det. <det. -Sb < det. 1.48 < det. --
Pb < det. < det. < det. — 
Ni < det. <det. <det. ~ 
S 26.64 33.95 32.51 1.41 
< det. = below detection limit (see Appendix B) 

the sporadic distribution of this element suggests its presence is due to contamination from tetrahedrite, 

which occurs as inclusions and along fractures in the sphalerite (e.g., Fig. 3.9c), rather than Sb contained 

within the structure of the sphalerite. 

Hg, Fe, Mn and Cd commonly substitute for Zn in the sphalerite lattice structure. This relationship 

is shown by the strong negative correlation between zinc and these metals, illustrated in Figure 3.18a. 

Within the 21B zone, this trend is dominated by Hg-substitution (Fig. 3.18b), whereas Fe-substitution 

dominates compositional variations in the other subzones. Three sphalerite grains hosted within a 

cinnabar-rich vein in the 21B zone contain extremely high values of Hg, Mn and Cd relative to all other 

analyses and are considered separately. 

Compositional variations of sphalerite from the Eskay Creek orebodies were examined at three 

scales: i) within individual grains; ii) within samples; and iii) within subzones of the deposit. Variations 

among textural varieties of sphalerite were also evaluated where present in individual zones. 

Compositional variations within grains 

Compositional variations within individual sphalerite grains are typically small and generally 

cannot be detected in SEM-BSE images, even at high contrast. However, many of the detrital sphalerite 

grains in the 21B zone are broken fragments of originally larger, possibly zoned grains (e.g., Fig. 3.9d), 

and therefore may represent only a single band in the growth history and may not reflect the full range of 

composition present in the original grain. Variations greater than 2 mole percent FeS were detected using 
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Figure 3.18: Scatterplots of EPMA data from sphalerite in the 21B zone, (a) Measured Fe + Hg + Mn 
+ Cd versus Zn content of sphalerite, (b) Compositional variation in sphalerite from the 
21B zone is due mainly to Hg substitution, (c) Sphalerite in the 21B zone falls along two 
separate trends defined by high-Hg/low-Fe and low-Hg/variable-Fe contents, (d) Mn 
shows a weak positive correlation with Hg. (e) Cd content is uniformly low and shows no 
correlation with Hg. (f) No correlation is observed between Fe and Mn contents. 
Symbols are the same for all plots: filled circles = sphalerite containing less than 1 mole 
% HgS, open circles = sphalerite containing greater than 1 mole % HgS, and triangles = 
sphalerite hosted in a cinnabar-rich vein. 
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qualitative EDS element distribution maps in a single large grain from a coarse clastic bed in the 21B 

zone (Fig. 3.19). Although colour variations in sphalerite are commonly observed in transmitted light, they 

are not related to the composition of the sphalerite. This has also been well documented in other deposits 

by Roedder and Dwornik (1968) and Deister (1975). 

Compositional variations within individual grains in each subzone, determined as the difference 

between maximum and minimum measurements within one continuous sphalerite grain, are plotted in 

Figure 3.20. Variations in MnS and CdS within single grains are similar for all of the Eskay Creek 

subzones and most are within the limits of analytical precision, with few exceptions for MnS in the 21B, 

NEX and 109 zones. The greatest compositional variation is due to FeS content, particularly in the 109 

zone where FeS spans ranges of 2.44 up to 6.13 mole percent within individual grains. Variations in the 

21B zone are relatively small, spanning an average of 0.5 mole percent FeS, and are generally within 

precision of the microprobe. Only four of the 30 grains from the 21B zone used in this comparison show 

compositional variations greater than 1.0 mole percent FeS. The East Block and HW zones are 

somewhat more variable than the 21B zone, with ranges from 0.23 to 1.91 mole percent FeS. Sphalerite 

grains in the NEX zone have ranges up to 3.94 mole percent FeS. 

Hg is below detection in all of the subzones except the 21B zone. Most sphalerite grains within 

the 21B zone contain less than 1 mole percent HgS and variation within individual grains is within 

analytical precision (Fig. 3.20d). The greatest variation in HgS is observed in clastic sphalerite grains that 

are adjacent to cinnabar-rich veins (in samples 4N-L2-CI and 3N-970708). These grains are enriched by 

up to 12.85 mole percent HgS at their margins relative to their cores. Backscattered-electron images (Fig. 

3.21) show that Hg is elevated around the rims and along hairline fractures through the grains, suggesting 

late-stage Hg-rich fluids reacted with exisiting low-Hg sphalerite grains. 

Compositional variations within samples 

Compositional variations in sphalerite spot analyses within each sample are similar to those 

measured within individual grains. Variations in FeS content of sphalerite across each thin section is 

higher in the 109 and NEX zones than in the 21B zone. Similarly, Hg contents are consistent within 

samples from the 21B zone except in the two samples containing cinnabar. Variations within samples are 

smaller than variations between samples in each subzone. Thus, the average composition of sphalerite in 

each sample is representative for spatial comparisons. 
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Microprobe Analyses 

Point FeS MnS CdS HgS 
Mole % Mole % Mole % Mole % 

A 1.76 0.76 0.24 0.21 
B 2.09 0.81 0.26 0.08 
C 4.24 0.55 0.28 0.27 
D 4.59 0.63 0.28 0.39 
E 2.99 0.55 0.23 0.35 
F 3.48 0.53 0.25 0.37 
G 3.82 0.70 0.26 0.29 
H 2.10 0.60 0.29 0.37 

Compositional profile 
Abbreviations: 

BN = bournonite 
BL = boulangerite 
G L = galena 
P Y = pyrite 
SL = sphalerite 

Compositional variation in a zoned sphalerite grain (Fig. 3.8c). The distribution of S, Zn, Fe, 
Pb, Sb and Cu are shown for the region depicted in the SEM backscatter (BSE) image. 
Brighter areas in the element distribution maps indicate increased concentrations of the given 
element. Growth bands in the sphalerite reflect fluctuations in FeS content, measured by 
microprobe analysis. Compositions of the points shown are given in the table above. This 
zoned sphalerite grain contains the highest values of FeS measured in the 21B zone. 
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Figure 3.20: Box and whisker plots showing ranges in trace element composition of individual sphalerite 
grains in the Eskay Creek deposit, subdivided by subzones. Data are plotted only for grains 
with at least 4 point analyses; number of grains represented in each zone is indicated in 
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within these grains is greater than the precision of the analyses. See text for discussion. 
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Fe Kcx Sb La 

Figure 3.21: Compositional variation in sphalerite adjacent to a 
cinnabar vein in sample 3N-970708. The 
backscattered electron image (top) shows sphalerite 
(SL) in a matrix of boulangerite (BL), tetrahedrite (TT), 
and chlorite (CL), with minor cinnabar (Cl) and pyrite 
(PY). Microprobe point analyses from HgS-poor (dark 
core) to HgS-rich (light rim) sphalerite are shown and 
plotted on the profile chart. MnS content increases with 
increasing HgS towards the margin of the grain. Fe 
increases slightly towards the margin of the grain, but 
does not increase linearly with HgS. CdS content is 
constant. The abrupt nature of the increase in HgS in 
the sphalerite toward grain margins and adjacent to 
fractures is highlighted in the element distribution 
maps above. Areas of increased brightness indicate 
increased concentration of the element. The other 
elements shown highlight the distribution of the 
associated minerals in the matrix. 
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Compositional variations between subzones 

Sphalerite compositions for each subzone of the Eskay Creek deposit are summarized in Table 

3.6, and FeS contents are shown in Figure 3.22. Iron contents in sphalerite from the 21B and East Block 

zones span a similar range, from 0.23 to 6.58 mole percent FeS (averaging 1.52 and 1.77 mole % FeS 

respectively). Sphalerite in the HW, NEX and Pumphouse-rhyolite zones overlap with these values, but 

span a larger range and have higher mean FeS contents (Fig. 3.22). Data from the NEX zone falls into 

two groups. The bulk of the spot analyses from this zone contain relatively low FeS, averaging 2.38 mole 

%. Higher FeS contents, ranging from 5.08 to 10.35 mole % (averaging 6.43 mole %), are restricted to a 

single sample from the north end of the NEX zone that is texturally and mineralogically distinct from the 

bulk of the ore in this zone. These high-Fe sphalerite grains are hosted in dolomite and calcite veins. Two 

populations observed in the HW zone (Fig. 3.22) reflect differing compositions in only two samples. One 

of these samples (drillhole 1985: 62.5m), collected near the north end of the HW zone, contains 

sphalerite with between 1.68 and 3.26 mole percent FeS (averaging 2.50 mole %). The other sample 

(drillhole CA90-327: 45.5A), located in the central portion of the HW zone, returned much higher values of 

5.10 to 6.35 mole percent FeS in sphalerite (averaging 5.39 mole %). Sphalerite in the 109 zone shows 

the largest range in FeS contents, spanning the composition of most spot analyses from all of the other 

zones combined. 

The ranges of MnS in sphalerite is similar among the six subzones analyzed (Table 3.6). Mean 

MnS content is slightly higher in the 21B zone than the other subzones, consistent with the positive 

correlation between Mn and Hg substitution (Fig. 3.18d). Cd is consistently low throughout the deposit 

and is elevated only in sphalerite hosted within the cinnabar-bearing vein. 

Sphalerite in the 21B zone is distinguished from the other subzones mainly by its high Hg 

contents. Spot analyses are subdivided into high-Hg (> 1.0 mole % HgS) and low-Hg (< 1.0 mole % HgS) 

groups (Fig. 3.18c). High-Hg sphalerite typically has a relatively low Fe content, whereas low-Hg 

sphalerite spans the full range of Fe contents observed in the 21B zone. Sphalerite hosted in the cinnabar 

vein generally lies in the trend of the high-Hg group and contains the highest values of Hg, Mn and Cd 

measured in this study. The high-Hg group shows a weak positive correlation of Hg with Fe and Mn (Fig. 

3.18c and d), but no correlation with Cd (Fig. 3.18e). There is no significant correlation among Cd, Mn, 
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Figure 3.22: Mole percent FeS in sphalerite from the Eskay Creek subzones (see Table 
3-7). Data for the 21 B-rhyolite zone are included with the 21B zone. Mean 
values are shown for each zone. 



and Fe in this group. No correlations were observed among any of the trace elements in the low Hg 

group. 

Data collected by Barnett (1990) indicates that sphalerite in the 21A zone contains less Fe and 

more Hg and Mn in comparison to subzones investigated in this study. Cd values were not reported. 

Barnett's measurements indicate sphalerite in the 21A zone ranges from 0.40 to 7.18 mole percent FeS 

(averaging 0.82 mole % FeS), 0.00 to 20.19 mole percent HgS (averaging 4.33 mole % HgS), and from 

0.00 to 2.60 mole percent MnS (averaging 0.56 mole % MnS). 

Data for the 21B zone in Barnett's (1990) study generally fall within the range of values from the 

current study: 0.21 to 5.83 mole percent FeS, averaging 1.85; 0.00 to 1.60 mole percent MnS, averaging 

0.26; and 0.00 to 0.84 mole percent HgS, averaging 0.21. Differences in the ranges are due to the more 

restricted sample distribution of the earlier study. Barnett collected data from only two samples in the 109 

zone, however their FeS contents span a wider range than the current study, ranging from 0.62 to 12.87 

mole percent (averaging 5.84). Barnett's (1990) Mn and Hg analyses of sphalerite in the 109 zone were 

similar to those reported in the current study. 

Constraints from sphalerite chemistry 

The Fe content of sphalerite may be used to constrain sulfur activity and temperature in ore-

forming fluids, as described by Scott and Barnes (1971), Browne and Lovering (1973), Barton and 

Skinner (1979), Hannington and Scott (1989), and Craig and Vaughan (1997). Studies by Brooker et al. 

(1987) and Mizuta (1988) suggest that sphalerite does not generally reequilibrate with other minerals 

below 300°C, and therefore FeS contents likely represent primary compositions (Craig and Vaughan, 

1997). Calculation of fSz from the FeS content of sphalerite requires equilibrium with pyrite and/or 

pyrrhotite. The latter is absent from the Eskay Creek deposit, but pyrite is ubiquitous. Although many of 

the sphalerite grains in the Eskay Creek deposit are not in direct contact with pyrite, it commonly occurs 

as small inclusions in individual grains suggesting equilibrium conditions may have occurred at least 

locally. Fe content in sphalerite decreases with decreasing temperature and increasing sulfur fugacity. 

Thus, the low FeS contents in sphalerite indicate relatively high sulfidation conditions in the fluids at 

relatively low temperatures of formation. These conditions are consistent with the sulfosalt-rich mineral 

assemblage and absence of pyrrhotite. Fluid inclusion and oxygen isotope data from Sherlock et al. 

(1999) indicate hydrothermal fluids were less than 200°C. For the average composition of sphalerite in 
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the 21B zone (1.52 mole % FeS), calculated fSz values range from 10"18 6 at 150°C, to 10"14 7 at 200°C 

(Appendix D). 

Higher FeS contents in sphalerite from the HW and NEX zones reflect higher temperatures 

indicated by the chalcopyrite-bearing mineral assemblage in these areas. If fQi was also 10' 1 4 7 during 

formation of the HW zone, formation temperatures calculated from the average FeS content of sphalerite 

in this zone (4.23 mole %) suggest it formed at about 214°C, and the highest Fe-sphalerite (6.35 mole % 

FeS) at 219°C. Calculated formation temperatures may be significantly higher, however, if fSi values in 

the hydrothermal fluid were higher (e.g., average 259° if fSz is 10'12). The low Fe-sphalerite group in the 

NEX zone may be related to mineralization synchronous with deposition of the 21B zone. Although data 

is limited for the HW zone, the lower Fe-sphalerite group (Fig. 3.22) may reflect deposition of sphalerite 

under relatively low temperature conditions prior to a later chalcopyrite-bearing stage represented by the 

more Fe-rich sphalerite group. The wide range of FeS values in the 109 zone are consistent with a 

protracted hydrothermal history and may reflect a thermal gradient in the system. 

High-Hg rims on sphalerite in cinnabar-bearing samples from the 21B zone clearly demonstrate 

that extreme values of Hg were introduced after deposition of the sphalerite grains, during the latest 

stages of hydrothermal activity. Hg is commonly substituted for zinc in the sphalerite lattice and may be 

efficiently incorporated either during or after sulfide deposition (Jonasson and Sangster, 1974). Although 

high-Hg sphalerite in other samples do not show such dramatic Hg-rich rims, HgS contents are commonly 

higher towards the margins of larger sphalerite grains. The low-Hg group (Fig. 3.18c) likely represent the 

compositional range of primary clastic and early hydrothermal sphalerite in the 21B zone. 

Jonasson and Sangster (1974) studied the distribution of Hg in sphalerite from a number of 

Canadian VMS deposits. They determined Hg is highest in the most Zn-rich ores, in the presence of Ag-

Pb-bearing sulfosalts that typically represent minor components of the ore. Similar trends were also 

recognized by Ryall (1979) at the Woodlawn deposit in eastern Australia. The average Hg content of the 

low-Hg sphalerite group in the 21B zone (0.62 wt. % Hg) is one order of magnitude higher than the 

maximum detected by Jonasson and Sangster (1974; 0.045 wt. % Hg), two orders of magnitude higher 

than the maximum at Woodlawn (18 ppm; Ryall, 1979), and two to three orders of magnitude greater than 
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typical values (10"3 to 10"4 wt. % Hg) for sphalerite found in most polymetallic deposits (Tauson and 

Abramovich, 1980). 

Tetrahedrite 

Tetrahedrite is the Sb-rich end-member of a solid solution series with arsenic-rich tennantite and 

also forms a solid solution with Ag-rich freibergite and Hg-rich schwazite. The crystal structure of the 

mineral allows extensive substitution by a variety of elements including Ag, Fe, Zn, Hg, Bi, Te, Cd, Pb, 

and Se. Most specimens of natural, optically homogeneous tetrahedrite are compositionally 

heterogeneous and vary over a large range of solid solutions (Hackbarth and Petersen, 1984; Sack and 

Loucks, 1985; Johnson et al., 1986). 

Tetrahedrite from the 21B, East Block, NEX, HW, and Pumphouse-rhyolite zones was analyzed 

by EPMA for the elements Cu, Ag, Fe, Zn, Hg, Sb, As, Pb, Bi and S. Results are shown in Table 3.7. 

Lead and bismuth were not detected in any of the spot analyses. 

The composition of tetrahedrite at Eskay Creek is approximated by the formula (Cu,Ag)10(Fe, Zn, 

Hg)2(Sb, As)4S1 3, although the stoichiometry deviates slightly from the given integers. The average 

composition for the deposit is (Cu7.24, Ag2.84)(Fe0.84. Zn1 ] 1 3, Hg0.i6) (Sb3.82, As0.2 0)Si3, however this varies 

substantially both locally and among the subzones. Compositional variation is expressed by atomic ratios 

for the various elements, which are defined by the following equations: 

X A g =100Ag/(Ag+Cu) (3.1) 

X H g = 100 Hg / (Fe+Zn+Hg) (3.2) 

X F e = 100 Fe / (Fe+Zn+Hg) (3.3) 

X 2 n = 100 Zn / (Fe+Zn+Hg) (3.4) 

X S b = 100Sb/(Sb+As) (3.5) 

The ranges of atomic ratios in tetrahedrite throughout the deposit, and within each subzone, are 

summarized in Table 3.8. 

Systematic zoning within individual tetrahedrite grains was not observed in the Eskay Creek 

deposit. The mineral appears to be uniform when examined in SEM-BSE images, although compositions 
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vary by as much as 1.44 wt.% Ag, 0.66 wt.% Fe, 0.38 wt.% Hg, 1.20 wt.% Zn, and 0.56 wt.% Sb within 

single grains1. 

The bulk of the spot analyses (85%) have values of X S d greater than 90, and therefore approach 

end-member tetrahedrite composition. Slightly higher arsenic contents are observed only in the East 

Block and one sulfide vein in rhyolite immediately underlying the stratiform 21B zone ore (21 B-rhyolite). 

These zones have average X S d values of 84.5 and 86.9 respectively. A single outlier in the 21B zone has 

an XSb value of 48.8, measured in an irregular patch of tetrahedrite within disseminated sulfides of 

uncertain paragenetic origin. This outlier was not included in statistical calculations. 

Tetrahedrite throughout the deposit is enriched in silver and contains between 6.28 and 33.31 

weight percent Ag. Atomic ratios for silver are similar for all of the stratiform orebodies (21B, East Block, 

NEX and HW zones), averaging 26.1 to 28.9 (Fig. 3.23). Limited data from tetrahedrite in two sulfide 

veins in the footwall rhyolite (from the Pumphouse-rhyolite and under the 21B zone) suggest that 

tetrahedrite in these zones contain less Ag than in the stratiform ore zones. Atomic ratios of X A g for these 

two samples average 14.6 and 13.0 respectively. Tetrahedrite was not observed in the 109 zone. 

Atomic ratios for Zn, Fe and Hg are variable among the subzones of the Eskay Creek deposit. Hg 

was detected only in tetrahedrite from the 21B zone and varies considerably (Fig. 3.24). As observed for 

sphalerite, tetrahedrite in the 21B zone falls along two compositional trends based on Hg content. These 

groups are separated at X H g values of about 10. Low-Hg tetrahedrite in the 21B zone is typically Zn-rich, 

with very few spot analyses exceeding X F e values of 50. Tetrahedrite with high-Hg contents show 

decreases in both X F e and X z n with increasing X H g , although X Z n is consistently greater than X F e . 

Within the East Block, tetrahedrite contains approximately equal amounts of Zn and Fe, with 

average atomic ratios of 50.9 and 48.8 respectively. Atomic ratios measured in the NEX zone appear to 

span a broader range than in the East Block (Table 3.8). However, high-Fe tetrahedrite (XFe from 65.9 to 

81.7) occurs only in one sample from the north end of the NEX zone, which also contains high-Fe 

sphalerite and is unusually carbonate-rich. Analyses from the south end of the NEX zone range from 33.8 

to 57.1 and are similar to values measured in the East Block. Although data are limited, all analyses of 

1 based on comparisons of eight grains with at least three spot analyses in each 
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Figure 3.23: Atomic ratios of silver in tetrahedrite from each of the subzones of the Eskay Creek 
deDosit. 
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Figure 3.24: Normalized atomic ratios X F e-XZ n-XH g in tetrahedrite from the 21B zone. 



tetrahedrite from the HW zone are more Fe-rich than Zn-rich, and values of X F e are between 53.5 and 

77.0. Tetrahedrite from sulfide veins in the footwall rhyolite (in the Pumphouse-rhyolite and under the 21B 

zone) are Zn-rich, with values of X F e between 19.6 and 42.7. 

Constraints from tetrahedrite chemistry 

Systematic spatial variations in the composition of tetrahedrite may indicate flow paths of 

hydrothermal fluids and aid mineral exploration and mining development. Compositional trends have 

been observed in VMS and epithermal silver deposits (e.g., Goodell and Petersen, 1974; Wu and 

Petersen, 1977; Hackbarth and Petersen, 1984; Gemmell et al., 1989; Karup-Moller et al.,1989; Petersen 

et al., 1990). Although absolute compositions are variable between deposits, X A g and X S d typically show 

positive correlation. Low-Ag and low-Sb tetrahedrite occurs in the lower parts of vein deposits (Hackbarth 

and Petersen, 1984; Petersen et al., 1990), and in lower parts of the black ore in kuroko deposits 

(Kajiwara, 1970; Kajiwara in Wu and Petersen, 1977), and trend to higher Ag and Sb contents near the 

upper parts of these deposits and away from the center of the hydrothermal system (Wu and Petersen, 

1977; Gemmell et al., 1989). Controls on the composition may be due to crystallographic controls in the 

mineral (e.g., Johnson et al., 1986) as well as the activity of metals in the hydrothermal fluid and 

associated mineral assemblages, such as sphalerite, pyrite, pyrrhotite and electrum, that may act as 

buffers to Zn, Fe and Ag contents in the tetrahedrite. Hackbarth and Petersen (1984) have proposed a 

fractional crystallization model to explain the observed zoning patterns. 

At Eskay Creek, a positive correlation is generally observed between X A g and XSb within each 

sample, although the trend is obscured at the deposit scale since Sb values are uniformly high (Fig. 3.25a 

and b). Broader correlation between Ag and Sb is observed within the East Block due to greater variation 

in XSb in this zone. The increased arsenic contents observed in the East Block zone are consistent with its 

observed proximity to an underlying pyrite-rich feeder (Fig. 3.4 D-D'). Similarly, although data are limited, 

low Ag and Sb in the 21 B-rhyolite sample are also consistent with this trend. The uniformly Sb-rich 

tetrahedrite observed in the 21B and NEX zones suggest the hydrothermal fluids had high Sb/(Sb+As) 

ratios or were evolved end-member fluids. 

Variations in X A g in the 21B zone may be due, at least in part, to an antipathetic relationship 

between Ag and Hg. Hg and Sb have a generally positive correlation (Fig. 3.25c), however X H g shows a 

negative correlation with X A g and X F e (Fig. 3.25d and e). Similar compositional trends are observed by 
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Johnson et al. (1986) in natural and synthetic tetrahedrite. The highest X F e values occur in the HW zone 

where tetrahedrite is associated with a greater abundance of pyrite. 

Electrum 

The gold-bearing mineral phase in the Eskay Creek deposit is a ternary alloy of the Au-Ag-Hg 

system. Similar mineral phases have been described elsewhere as gold-silver amalgam, mercurian 

electrum, mercurian gold and Au-Ag-Hg alloy (Healy and Petruk, 1990). In this paper the mineral is 

referred to as electrum on the basis of its optical properties, regardless of its Hg content. 

Electrum in the Eskay Creek deposit ranges in composition from 10.3 to 79.4 weight percent Ag, 

12.5 to 88.2 weight percent Au, and 0.0 to 32.8 weight percent Hg (Table 3.9 and Fig. 3.26). This study 

included a routine analysis for copper, which returned values from 0.0 to 1.0 weight percent Cu. Only 

21 % of the points analyzed reported copper contents greater than the detection limit of the microprobe 

(0.07 wt. %). The highest Cu contents consistently occur in electrum grains hosted in tetrahedrite, 

bournonite or chalcopyrite and probably reflect contamination from these surrounding minerals. 

Silver and mercury contents of electrum in the lower stratiform subzones (21B, East Block, and 

NEX zones) decrease as the gold content increases, although each zone falls along a distinct trend (Fig. 

3.26a). Ag and Hg show a weak positive correlation although there is significant scatter in the data. 

Among the lower stratiform subzones, the lowest Hg contents occur in the NEX zone. Electrum in 

this zone spans a broad range of fineness values (12.5 to 66.4 wt. % Au) and includes the most Ag-rich 

electrum measured in this study (79.4 wt. % Ag). The data from the NEX zone fall into three clusters that 

represent each of the three samples analyzed. Electrum in the East Block has a somewhat narrower 

compositional range and trends toward somewhat higher Hg contents. 

Electrum in the 21B zone spans a wide range of compositions but is generally higher in gold 

fineness than both the East Block and NEX zones. Hg contents range from 2.5 to 32.8 weight percent 

(average: 12.8 wt. % Hg). Spot analyses of electrum occurring near cinnabar-veins are compositionally 

distinct from other analyses within this zone. These electrum grains are among the most gold-rich in the 

21B zone, and show relatively consistent Ag contents through a wide range of Hg contents (Fig. 3.26a). 

Electrum in the HW zone forms two clusters (Fig. 3.26b) representing each of the two samples 

analyzed. The more southerly sample (1985: 62.5) falls within the compositional field of the 21B zone. 
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Figure 3.26: Normalized Au-Ag-Hg compositions, determined by EPMA, for electrum in the Eskay Creek 
deposit, a) Data from stratiform orebodies in the lower contact argillite (this study). B) Data 
from HW zone and rhyolite-hosted orebodies and mineralization (this study). C) Data from 
Barnett (1990) with fields from this study marked for comparison. 
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Electrum analyzed from a separate lens near the centre of the HW zone (CA90-327: 45.5A) is more Ag-

rich and lies compositionally between the East Block and NEX trends. 

Electrum from sulfide veins in the Pumphouse-rhyolite zone, and under the 21B zone, are 

moderately Hg-rich (3.3 to 11.7 wt. % Hg) and fall within the compositional trend of electrum in the 21B 

zone (Fig. 3.26b). However, in the 109 zone, electrum is gold-rich and contains very little Hg, with values 

between 0.0 and 1.8 weight percent Hg (averaging 1.1 wt.%) and 75.75 to 88.20 weight percent Au. 

Electrum analyzed in the 21B, 21A and 109 zones by Barnett (1990) is plotted in Figure 3.26c for 

comparison to the current study. Barnett's study suggests that electrum in the 21B zone has a larger 

compositional range than that measured in this study, and is generally more Ag-rich, with values reaching 

65.7 weight percent Ag (average 34.8 wt.% Ag). Electrum from the 109 zone has a similar, though slightly 

narrower, range of compositions compared to the current study. The earlier study also provides data from 

the 21A zone, indicating higher fineness values than.electrum reported from any of the other stratiform 

subzones (81.2 to 87.3 wt.% Au), and relatively low to moderate Hg contents (4.4 to 7.4 wt.% Hg) 

(Barnett, 1990; Fig. 3.26c). 

Constraints from electrum chemistry 

The composition of electrum is a complex function of conditions in the hydrothermal system, 

including temperature, f^2, fQ2, salinity, pH, and Au/Ag content, which determine the transport 

mechanisms of gold and silver as thio- or chlorocomplexes in the fluid (Gammons and Williams-Jones, 

1995). In general, gold content in electrum (fineness) increases with increased temperature and/or 

increased sulfur activity in the hydrothermal fluid. However, electrum fineness cannot be used to 

determine geochemistry of gold transport mechanisms due to substantial overlap between electrum 

deposited from thio- and chlorocomplexes (Huston et al., 1992). In addition, the Au:Ag ratio in the fluids 

may be affected by the source region (Gammons and Williams-Jones, 1995), and remobilization of metals 

as fluids pass through earlier-formed sulfides. Thus, distinct trends in electrum composition in the Eskay 

Creek subzones indicate differences in hydrothermal fluid chemistry although controls are poorly 

constrained. 

The presence of Hg in electrum has been reported in several deposits (e.g., Trout Lake - Healy 

and Petruk, 1990; Hemlo - Harris, 1989; Iberian Pyrite Belt - Leister et al., 1998), and likely occurs in 
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many more where EPMA studies have not been done (Healy and Petruk, 1990). The correlation between 

Ag and Hg contents in the electrum reflect the increased solubility of Hg in the Ag-rich end-member of the 

alloy (Healy and Petruk, 1990). 

Lead Sulfosalts 

A variety of Pb - Sb - S ± Cu ± Fe ± Ag minerals occur in the 21B zone, and less commonly in 

the 21C, 21E and Pumphouse Zones. These minerals were analyzed by EPMA in samples from the 21B 

zone and one sample from the Pumphouse-rhyolite zone. Results are presented in Table 3.10 and Fig. 

3.27. Bismuth was also analyzed, but is below detection in all cases. 

The most common and widespread lead sulfosalt minerals in the 21B zone are boulangerite 

(Pb5Sb4Sn) and bournonite (PbCuSbS3). These minerals do not contain significant Ag, which is below 

detection (< 0.18 wt. % Ag) in all but one spot analysis of boulangerite and all but 8 spot analyses of 

bournonite. Hg is below detection in both minerals. Bournonite is the Sb-rich end-member of a solid-

solution series with arsenic-rich seligmannite, however in the Eskay Creek deposit the phase contains 

little or no arsenic (<2.18 wt. %). Boulangerite is also low in arsenic; only 7 spot analyses returned values 

above the detection limit of 0.24 weight percent As (Fig. 3.27). 

Other lead-bearing sulfosalt minerals in the 21B zone have an apparently much more restricted 

distribution. Minerals closely approximating the composition of jamesonite (Pb4FeSb6Si4), zinkenite 

(Pb9Sb22S42), sterrylite (Pb10Ag2(Sb,As)12S29), and heteromorphite (Pb7Sb8Si9) or playfairite (Pb1 6S1 8S4 3) 

were identified in only a few samples from the 21B zone. Jamesonite was identified in three samples 

collected near occurrences of stibnite in the southwestern and central parts of the 21B zone. It also 

occurs in the Pumphouse-rhyolite zone as finely disseminated needles. Zinkenite was analyzed in two 

samples cut by cinnabar-bearing veins, but does not contain detectable Hg. A recent EPMA study by T. 

Grammatikopoulos suggests that zinkenite is abundant in Hg-rich samples from the 21B zone 

(Grammatikopoulos and Roth, 2002). One sample near the center of the 21B zone contains 

heteromorphite or playfairite containing minor Hg and Ag. Absolute identification of this mineral would 

require further analysis by x-ray diffraction or crystallography since the PbS:Sb2S3 ratios in these two 

minerals are similar. Sterrylite is the only signficantly Ag-bearing lead-rich sulfosalt identified, but it was 
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Table 3.10: EPMA data for Pb - Sb - S ± Cu ± Ag ± Fe ± As minerals in the Eskay Creek deposit. 
Ideal compositions are shown for stoichiometric end-members of each mineral. 

Composition (wt. %) Composition (wt. %) 
Min. Max. Mean 2a Ideal Min. Max. Mean 2o Ideal 

Boulangerite (Pb5Sb4S11) Sterrylite (Pb10Ag2(Sb,As) 12S29) 

(n = 95) (n = 9; from 2 samples in central & north 21B) 
Pb 51.13 55.52 53.60 1.24 55.4 Pb 41.12 41.91 41.50 0.27 44.29 
Cu 0.00 2.53 0.14 0.59 Cu 1.11 1.91 1.37 0.27 
Ag 0.00 0.82 0.04 0.18 Ag 4.23 4.67 4.43 0.16 4.61 
Fe 0.00 0.60 <det. 0.15 Fe < det. <det. < det. 
Zn 0.00 2.24 0.40 1.15 Zn 0.01 0.79 0.27 0.24 
Hg <det. < det. <det. Hg < det. < det. <det. 
Sb 24.98 26.29 25.41 0.48 25.7 Sb 30.32 31.37 30.71 0.32 31.23 
As 0.00 0.86 0.10 0.26 As < det. < det. < det. 
S 18.04 19.25 18.58 0.42 18.9 S 19.55 19.82 19.68 0.08 19.87 

Bournonite (PbCuSbS3) Heteromorphite (Pb7Sb8S 9)1 

(n = 133) (n = 10; from 1 sample from central 21B) 
Pb 39.60 44.70 41.08 1.16 42.4 Pb 44.59 47.15 45.32 0.75 47.81 
Cu 10.45 13.26 12.73 0.55 13.0 Cu 1.00 1.26 1.19 0.08 
Ag 0.00 1.22 0.05 0.25 Ag 0.19 0.40 0.29 0.06 
Fe 0.00 0.91 0.06 0.25 Fe 0.00 0.21 0.04 0.06 
Zn 0.00 4.12 0.57 1.51 Zn 0.16 1.82 0.57 0.53 
Hg <det. < det. <det. Hg 1.05 1.61 1.42 0.16 
Sb 21.02 24.95 23.91 1.32 24.9 Sb 29.73 31.15 30.38 0.39 32.11 
As 0.00 2.18 0.45 0.82 As 0.00 1.06 0.40 0.47 
S 19.08 20.26 19.60 0.40 19.7 S 19.80 20.19 20.06 0.13 20.08 

Jamesonite (Pb4FeSb6S14) unknown 
(n=28) (n = 1; from 1 sample from central 21B) 

Pb 35.13 39.10 38.43 1.50 40.2 Pb 68.14 
Cu 0.00 0.48 0.11 0.24 Cu 0.35 
Ag < det. < det. < det. Ag 0.00 
Fe 1.68 2.48 2.06 0.47 2.7 Fe 0.01 
Zn 0.00 3.46 0.40 1.31 Zn 0.43 
Hg < det. <det. <det. Hg 0.00 
Sb 34.40 38.03 34.94 1.34 35.4 Sb 10.76 
As < det. < det. < det. As 0.73 
S 20.84 21.79 21.23 0.51 21.8 S 17.51 

Zinkenite (Pb9Sb22 S42) unknown 
(n=11) (n = 1; from 1 sample from northern 21B) 

Pb 29.85 30.91 30.40 0.74 31.7 Pb 41.29 
Cu 0.28 0.52 0.39 0.16 Cu 2.56 
Ag 0.12 0.32 0.23 0.12 Ag 1.44 
Fe < det. <det. <det. Fe 0.14 
Zn 0.00 1.32 0.38 0.70 Zn 0.26 
Hg < det. <det. <det. Hg 1.26 
Sb 43.33 44.07 43.78 0.47 45.5 Sb 31.44 
As < det. <det. <det. As 0.00 
S 22.06 22.50 22.31 0.28 22.9 S 19.86 

or playfairite (Pb16S18S43) 

1 



Figure 3.27: Compositional variation in lead sulfosalts determined by EPMA in the Eskay Creek 21B 
zone, represented in the shaded portion of the ternary plot (inset). Jamesonite, bournonite, 
and sterrylite, do not plot in this ternary space due to the presence of iron, copper and silver, 
respectively. 
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found in only two samples. The identity of the minerals in two spot analyses could not be determined. 

(Table 3.10). 

Constraints from lead sulfosalt chemistry 

Lead-rich sulfosalts do not contribute significantly to the Ag or Hg contents of the Eskay Creek 

deposit. Paragenetic relationships between minerals along the PbS-Sb2S3 join (Fig. 3.27) are well 

established and progress from early galena, through progressively more Sb-rich lead sulfantimonides, to 

stibnite, as temperature of the hydrothermal fluids decreases (McKinstry and Kennedy, 1957; Jambor, 

1968). The distribution of lead sulfosalts identified by EPMA in the 21B zone is consistent with this 

paragenetic sequence because the more Sb-rich minerals are constrained to regions near late-stage 

stibnite ± cinnabar replacement. 

Silver Sulfosalts 

Silver sulfosalts were identified in only one sample selected for study by EPMA, located within the 

NEX zone. Compositional data, presented in Table 3.11, indicate this mineral is compositionally similar to 

polybasite ((Ag,Cu)16Sb2S16). 

Galena 

Galena was investigated by EMPA to determine whether the mineral contributes to the Ag budget 

of the Eskay Creek deposit. Results are shown in Table 3.12 and indicate that galena generally does not 

contain detectable Ag. Only three of the spot analyses, from samples in the East Block and NEX zones, 

returned Ag values above the detection limit (0.22 to 0.36 wt. %). Other elements measured were 

similarly below detection, with few spurious analyses above the detection limit. These spurious values 

may be due to contamination from surrounding minerals in the sample. 

Stibnite 

Stibnite was identified in only two of the samples selected for EPMA analysis, both collected from 

the same area in the 21B zone. The composition approximates stoichiometric stibnite (Table 3.12). 

Approximately 50% of the points analyzed contained minor detectable zinc. All other elements analyzed 

(Pb, Cu, Fe, Ag, Hg, As) were below detection. 
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Table 3.11: E P M A data for polybasite in the Eskay 
Creek deposit. 

Composition (wt. %) 
Min. Max. Mean 2a Ideal* 

P o l y b a s i t e ( ( A g . C u ^ S b a S n ) ? 

(n = 9; from one sample in the NEX) 
A g 71.69 75 .28 73.12 2.59 73 .26 

C u 1.75 2.14 2.01 0.23 0.82 

Z n < det. <det . <de t . 

P b < det. < det. < det. 

F e <det . < det. <det . 

H g <det . < det. <de t . 

S b 9.01 10.33 9.82 0.94 10.01 

A s 0.58 0.94 0.72 0.23 0.65 

S 13.07 15.33 14.60 1.42 15.26 

* a s s u m i n g a c o m p o s i t i o n of Ag 1 5 . 7 Cuo.3Sb i .9Aso. i Sn 

Table 3.12: E P M A data for galena and stibnite in 
the Eskay Creek deposit. Elements 
not shown are generally below the 
detection limit (see text for 
discussion). 

Composition (wt. %) 
Min. Max. Mean 2a Ideal 

G a l e n a ( P b S ) (n = 43) 

P b 86.74 84.35 85.57 1.30 86.60 

A g 0.00 0.34 0.06 < det. 

S 13.69 13.07 13.40 0.28 13.40 

St ibn i te ( S b 2 S 3 ) (n = 25) 

S b 69 .34 71.01 70 .39 0.81 71 .69 

Z n 0.00 1.91 0.34 1.17 

S 26 .95 27 .43 27.24 0.26 28.31 

< det. = b e l o w de tec t i on limit 



Pyrite 

Pyrite is ubiquitous throughout the deposit, though it is a minor component in most of the 

subzones. Pyrite was analyzed for Fe, S, As, Ni, Mn, Ag, Sb, Pb and Co contents, however all trace 

elements were below detection except localized enrichment in arsenic and nickel. Results of the EPMA 

study of pyrite in the 21B, East Block, HW, 109 and Pumphouse-rhyolite zones are shown in Table 3.13, 

and approximate stoichiometric pyrite. Significant values of Ni in pyrite were detected only in the East 

Block zone, which also locally contains rare gersdorffite (NiAsS). 

Arsenic values in pyrite are variable in each of the zones. Locally, pyrite overgrowths may be 

elevated in As relative to the earlier pyrite core in the 21B and HW zones. Alternating colloform bands of 

arsenic-rich and arsenic-poor pyrite have been observed in stockwork veins of the 109 zone. 

Lateral, vertical and paragenetic variations in mineral composition 

Spatial and textural variations in mineral composition were examined in sphalerite, tetrahedrite 

and electrum. Lateral changes in average FeS and HgS contents of sphalerite, tetrahedrite and electrum 

throughout the Eskay Creek deposit are shown in Figures 3.28 and 3.29 respectively. Compositional 

variations are most pronounced in the 21B zone. Trends suggest that low Fe - high Hg sphalerite is 

concentrated in the central and northern half of the 21B zone, and in a localized area in the southeastern 

portion of the 21B zone, and are coincident with low X F e and high X H g in tetrahedrite, and high-Hg 

electrum. Hg content drops rapidly to values below detection away from the centre of the 21B zone in 

both sphalerite and tetrahedrite, and to very low values in electrum. High Hg contents are associated with 

the distribution of late cinnabar in the 21B zone and reflect reaction of late Hg-rich, hydrothermal fluids 

with earlier minerals such as sphalerite (Fig. 3.21). 

The absence of detectable Hg in minerals from other subzones analyzed in this study suggest 

that, with the exception of the 21A zone, hydrothermal fluids did not carry significant Hg and presents 

additional evidence that lateral migration of late Stage I fluids was limited. Sphalerite and tetrahedrite 

from the 21A zone have variable Fe contents but are elevated in HgS (Barnett, 1990). However, electrum 

in the 21A zone is notably Hg-poor in comparison to electrum in the central 21B zone. This is consistent 

with textural observations that suggest electrum is associated with early realgar and stibnite and not late-

stage cinnabar within this subzone. 
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Host Lithology 
• HWZone 

0 Stratiform ore in lower contact argillite 

A Footwall rhyolite 

Figure 3.28: Lateral distribution of iron contents in sphalerite and tetrahedrite determined by EPMA. 
Outlines of the subzones are shown for reference. Refer to Fig. 3.2 for details.Size ranges 
are proportional for symbols in each host lithology (see legend above.) a) Iron content of 
sphalerite normalized to zinc content (moles), b) Atomic ratio of iron in tetrahedrite. 
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Vertical changes in the composition of sphalerite, tetrahedrite and electrum within the 21B zone 

were examined in a profile of six samples collected in a crosscut through bedded clastic ore (1N-7B-1, -7, 

-10, -14, -18, and -19; sampled from top to bottom). Spot analyses and average trends within the profile 

are shown in Figure 3.30. The mean FeS content of sphalerite and tetrahedrite increases slightly towards 

the top of the ore zone. The uppermost sample has a highly variable tetrahedrite composition, whereas 

the lower samples are more uniform. Electrum shows a weak trend towards increased fineness upward in 

the 21B zone. However, all of the minerals show significant compositional overlap among the samples in 

the profile. This variability may reflect clastic mixing of sulfides formed under varying conditions at the 

source, such as the inner and outer parts of sulfide chimneys, or the upper and lower portions of a sulfide 

mound. It may also record the evolution of the overprinting hydrothermal fluids. 

Petrographic study indicates sphalerite formed mainly during the mound or chimney-building 

stage of the Eskay Creek deposit, although some sphalerite in the matrix may have formed from later 

hydrothermal fluids. The generally consistent composition of sphalerite shown in the vertical profile (Fig. 

3.30), suggests that fluid chemistry did not change significantly during the clastic depositional phase of 

mineralization. Comparison of detrital and matrix sphalerite in the 21B zone, however, suggests a 

decrease in FeS composition between these two paragenetic stages, as shown in Figure 3.31. The mean 

FeS content of sphalerite of detrital or clastic origin is higher than the FeS content of the associated 

matrix sphalerite in 13 of the 16 samples for which comparative data are available. Although differences 

are relatively small in some samples, this consistent pattern may suggest different sources for the two 

types of sphalerite, or reflects a decrease in temperature of later hydrothermal fluids that formed the 

matrix sphalerite. Similar comparisons of paragenetic stages in tetrahedrite and electrum did not show 

consistent compositional shifts between the clastic and matrix minerals. 

In the 109 zone, the mean Fe content of sphalerite increases towards the top of the zone 

although values are highly variable within each sample (Fig. 3.32). This trend is opposite the expected 

decrease in FeS S L towards the upper, presumably cooler, parts of the system. This apparent trend may 

be an artifact of many stages of hydrothermal activity during the prolonged history of mineralization in this 

zone. 
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Figure 3.30: Compositional variations from sulfide laminations in a vertical profile through the 21B zone 
(1N-7B). Lines connect mean values in each sample, a) Variation in sphalerite. Symbols 
represent the interpreted origin of the sphalerite as indicated from petrographic textures, as 
shown in the legend. Mercury is very low in these samples. Mean HgS values are below 
detection in all but the lowermost two samples, b) Compositional variation in tetrahedrite. 
The iron (solid circles) and zinc (open squares) contents are highly variable, although the 
mean values show a slight enrichment of Fe towards the top of the orebody at the expense 
of Zn. Other elements shown are mercury (diamonds), silver (open triangles) and antimony 
(asterisks), c) Variation in the composition of electrum grains. 

152 



Figure 3.31: Variations in FeS content in two textural varieties of sphalerite in the 
21B zone. Sphalerite grains were identified petrographically as clastic or 
matrix-hosted. The maximum, minimum, and mean measured values 
are shown for each type, in each sample. 
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Figure 3.32: Iron contents of sphalerite in the 109 zone, plotted against sample elevation. 
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Metal Zonation 

Grade distribution patterns in the Eskay Creek deposit were evaluated using drillcore assay data, 

generously provided by Homestake Canada Inc., for Au, Ag, Zn, Pb, Cu, Sb, Hg, and As. All of the 

elements show log-normal distribution. 

Correlation between elements 

Relationships between the elements were reviewed using Pearson correlation coefficients and 

scatterplots of the individual assays. Values for the 21B zone are shown in Table. 3.14 and Figure 3.33. 

Strong positive correlations between Zn, Pb and Cu occur in all subzones except the 21 A-contact and 

109 zones. The lack of correlation in the 21A zone reflects the absence of Pb and Cu minerals. Poor 

correlation between Cu and both Zn and Pb in the 109 zone reflect the absence of tetrahedrite and the 

variable distribution of chalcopyrite within the stockwork veins. Zn and Pb show a strong positive 

correlation in this zone due to the common association of sphalerite and galena. 

Gold does not correlate strongly with any of the other seven elements in any of the subzones. It 

has a weak positive correlation with the base metals and Ag since the highest grades are typically 

associated with the greatest accumulations of base metals, although the ratios are variable. Silver 

correlates well with Cu in the 21B, NEX, East Block, 21E and Pumphouse-contact zones because 

tetrahedrite is the dominant host mineral for Ag. The related association expected between Ag and Sb is 

present in the NEX, but is obscured in the 21B and 21E zones by late-stage Sb-rich sulfosalts and 

stibnite. Arsenic shows no correlation with any of the other elements. 

Bulk grade distribution 

Contours of average grades in each of the lower stratiform orebodies are shown in Figures 3.34 

and 3.35. These values represent averages through the total thickness of the orebody, bounded by ore-

grade cut-off values and weighted by the length of each interval. 

In the 21B zone, the highest metal grades are approximately coincident with the thickest, most 

sulfide-sulfosalt-rich parts of the orebody (see Chapter 4, Fig. 4.3) and form a northward trending feature 

from the centre of the orebody to the northern edge of the 21B zone (Fig. 3.34). This pattern emphasizes 

the clastic ore distribution observed in the 21B zone as grades decrease towards the distal 
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Table 3.14: Pearson correlation coefficients for assay data in the 21B zone. 

21B Zone n = 3334 
AU AG PB ZN CU AS HG 

AU 1.000 
AG 0.436 1.000 
PB 0.514 0.810 1.000 
ZN 0.517 0.826 0.945 1.000 
CU 0.363 0.724 0.691 0.723 1.000 
AS 0.011 -0.011 -0.026 -0.006 0.150 1.000 
HG 0.494 0.604 0.625 0.692 0.543 0.028 1.000 
SB 0.325 0.577 0.522 0.535 0.414 -0.007 0.592 

Figure 3.33: Scatterplot matrix of assay data in the 21B zone. 
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margins of the deposit where sulfide-rich beds become progressively thinner and the proportion of 

unmineralized, interbedded argillite progressively increases. Silver and total base metals most closely 

follow this pattern whereas elevated gold grades (above the 75 t h percentile) are more widespread, 

extending further towards the south end of the zone. 

Elevated Hg and Sb assays reflect the clastic distribution pattern of the central and northern 21B 

zone, but are also enriched at the southern end of the orebody where they are associated with patchy 

elevated gold, silver and base metals (Fig. 3.34). Epithermal elements are much less abundant in the 

NEX and 21C-contact zones. 

Arsenic does not mimic the clastic distribution pattern (Fig. 3.35) and is elevated only in the 

southern portion of the 21B zone where high arsenic values are coincident with a realgar vein and 

disseminated arsenopyrite (Fig. 3.17). Elevated As values (0.5 to 6.5 % As) are sporadically distributed 

near the Pumphouse Fault zone and through the center of the East Block. These values are likely 

associated with increased arsenic within sulfosalts, analyzed in tetrahedrite in the East Block, and with 

increased arsenopyrite contents. The bulk (95%) of the analyses contain less than 0.5% As, which 

equates to less than 1.3% arsenopyrite, although small amounts of arsenic are also present locally in 

copper and lead sulfosalt minerals. The calculated mineral contents are consistent with petrographic 

observations that indicate arsenopyrite is a minor mineral in the Eskay Creek orebodies. The highest 

arsenic assay values are confined to the realgar-rich 21A zone. 

Normalized grade distribution 

In order to remove the effect of sulfide abundance on the metal distribution, precious and 

epithermal-suite elements were normalized to total base metal content (Zn+Pb+Cu) (Fig. 3.36). The 

highest Hg and Sb ratios occur in an approximately east-west trending band through the central part of 

the 21B zone (between about 10600N and 10750N), and through the southern end of the 21B zone. 

These areas are coincident with abundant late-stage lead sulfosalts ± stibnite ± cinnabar (Fig. 3.17). High 

Hg/(Zn+Pb+Cu) values also coincide with areas of Hg-bearing sphalerite, tetrahedrite and electrum (Fig. 

3.29). The Hg and Sb ratios are notably low adjacent to the 109 zone at the north end of the 21B and 

East Block zones, and in the NEX zone. 
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The other subzones at the base of the contact argillite have patchy grade distribution patterns 

that reflect the proportion and composition of sulfide minerals present. Epithermal element to base metal 

ratios are uniformly high in the 21A zone due to low total base metal contents and abundant realgar, 

cinnabar and stibnite (Figs. 3.34 and 3.35). High Hg to base metal and Sb to base metal ratios at the 

northern end of the NEX zone are coincident with low concentrations of both base metals and epithermal 

elements. High Ag to base metal ratios in the southwestern NEX zone (near 11000N) are coincident with 

the presence of silver sulfosalts and minor native silver. 

Vertical variations in assay grades 

Assay profiles through the center and margin of the 21B zone are shown in Figure 3.37. Base 

metal and silver grades are directly related to the abundance of clastic sulfides and decrease in areas of 

increased intervening argillite accumulation or massive stibnite replacement. Sb correlates well with 

clastic sulfide abundance and base metals, except in areas of significant later hydrothermal overprint. For 

example, in drillhole DDH 2753, Sb content increases sharply in association with a stibnite replacement 

zone near the base of the ore horizon. In both profiles, the highest gold values do not correspond with 

maxima in the other elements and occur slightly higher in the sequence. Gold grades are consistently 

lower in zones of massive stibnite. Hg is generally correlated with clastic sulfide accumulation, except in 

areas of significant hydrothermal overprint. Notably, arsenic does not correlate with any of the other 

elements nor with sulfide accumulation suggesting it may have been introduced independently. 

Vertical zone refining is not recognized within any of the stratiform ore zones from the assay data. 

Despite mineralogical changes observed between the chalcopyrite-rich base and tetrahedrite-rich top of 

the East Block, copper contents are consistent throughout the profile. Element distribution is relatively 

even throughout the 109 zone, although Pb and Zn grades are slightly higher in some samples near the 

base of the zone. A distinct gradation is recognized in the 21 A-rhyolite zone, where anomalous Sb and 

Hg values occur only within the upper 50 metres of the rhyolite, and arsenic is highest in the upper 25 

metres of the sequence (Roth, 1993). 
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Distribution of gold and silver 

Gold to base metal ratios (Fig. 3.35c) have a distribution pattern that is nearly the inverse of the 

base metal distribution pattern, indicating high gold grades persist in areas with relatively little sulfide 

accumulation, such as at the margins and the southwestern end of the 21B zone. The distribution of 

Ag/Au (Fig. 3.35d) shows that values are highest through the thickest part of the 21B zone, reflecting the 

abundance of Ag-bearing tetrahedrite in this area. Within the NEX, East Block and 21E zones, high Ag/Au 

values may also reflect the presence of polybasite, pyrargyrite, and locally native silver. 

The ranges in Ag:Au ratios for each zone are shown in Figure 3.38. Precious metal ratios are 

consistent among the stratiform subzones, with the exception of the Pumphouse-contact and 21A contact 

zones, which have lower Ag:Au values, and the 21C-barite zone, which has higher values. Within the 

rhyolite, the 109 zone has a distinctly lower Ag:Au ratio than the stratiform zones, whereas the 

Pumphouse-rhyolite, 21C-rhyolite, and 21A rhyolite zones are more variable and span the full range of 

values. 

The distribution of silver is controlled dominantly by tetrahedrite, with minor contribution from 

electrum, and from silver sulfosalts in the northern zones. Gold is hosted in electrum, although it may be 

present in trace amounts within other sulfide minerals (e.g., Cabri and Chryssoulis, 1990; Larocque et al., 

1995). Although these minerals commonly occur together, electrum has a broader paragenetic history 

and therefore a wider distribution. Low Ag:Au ratios in the 21A and 109 zones reflect the low abundance 

of tetrahedrite and presence of Au-rich electrum. 

Summary 

The observations and chemical data presented in this chapter provide physical and chemical 

constraints on the formation of the Eskay Creek orebody. Important characteristics of the deposit 

determined in this study include: 

1. Syngenetic stratiform orebodies at the base of the contact argillite (21B, East Block, NEX, 21E 

and Pumphouse-contact zones) are separated from stratigraphically higher massive sulfides (HW 

zone) by a thick accumulation of unmineralized argillite, suggesting two distinct periods of 

hydrothermal activity (stage I and stage II). 
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Figure 3.38: Histograms of silvengold ratios in subzones of the #21 Zone. Values are calculated from 

assay data. Each sample interval is typically 1 metre in length. Mean values are shown for 
the major stratiform zones. 
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2. Textural relationships among the ore minerals in the 21B zone define a paragenetic sequence 

that evolves from early clasts consisting of primarily sphalerite, tetrahedrite, galena, pyrite, minor 

electrum, and trace lead sulfosalts, followed by later replacement and deposition of tetrahedrite 

and sphalerite in the matrix between the clasts. Continued hydrothermal activity introduced lead 

sulfosalts associated with electrum, followed by late stibnite, and finally cinnabar. 

3. Distribution of later minerals is increasingly restricted towards the centre of the 21B zone during 

later stages in the paragenetic history, forming progressively narrower occurrences of 

increasingly Sb-rich lead sulfosalts, stibnite and cinnabar. Stibnite veins and realgar veins that 

occur locally in the southwestern part of the 21B zone may be associated with hydrothermal 

activity related to formation of the 21A zone. Although they do not occur together, both are 

restricted to a zone of strong alteration and foliation overprinting this area. 

4. Lead sulfosalts, stibnite and cinnabar are absent from the East Block, NEX, HW and 109 zones, 

suggesting these zones were not overprinted by late-stage, Sb±Hg rich hydrothermal fluids. 

5. Chalcopyrite is present in the East Block, NEX and HW zones, indicating higher temperatures of 

deposition. Chalcopyrite is absent from the 21B zone, except for minor stringers near the north 

end of the orebody. 

6. Sulfosalt-rich mineralogy of the ore and low FeS contents in sphalerite are consistent with low 

temperatures of formation. Higher FeS contents in sphalerite from the HW zone are indicative of 

higher temperatures and are consistent with the presence of chalcopyrite. 

7. Mineral chemistry of sphalerite, tetrahedrite and electrum are consistent from the base to the top 

of the 21B zone, suggesting conditions in the hydrothermal fluids at the source of the sulfide-

sulfosalt clasts were relatively constant during the period of clastic deposition. 

8. Mercury in sphalerite is detectable only in the 21B zone and is an order of magnitude higher than 

values determined in other VMS deposits. High concentrations of Hg were introduced mainly by 

reaction of earlier sphalerite with late-stage, Hg-rich hydrothermal fluids. 

9. Sulfosalts are Sb-rich. Tetrahedrite has a near end-member Sb-rich composition throughout most 

of the deposit although a slight increase in As content is recognized in the East Block zone. 



10. Tetrahedrite is the principal host for Ag. Trace pyrargyrite, argentite, polybasite and native silver 

are recognized in the East Block and NEX zones. 

11. The composition of electrum varies among the subzones and is more Ag-rich and Hg-poor in the 

East Block and NEX zones than in the 21B zone. Hg contents in electrum increase towards the 

centre of the 21B zone, and are highest in association with cinnabar. 

12. Precious and base metal grades decrease towards the margins of the 21B zone where sulfide-

sulfosalt beds thin, and intervening argillite beds proportionally increase. 

These paragenetic and compositional constraints provide important controls on mineralizing processes in 

this deposit. Discussion of these controls, and a genetic model for the Eskay Creek deposit are presented 

in Chapter 6. 
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CHAPTER 4 

SEDIMENTARY CHARACTERISTICS AND DEPOSITIONAL ENVIRONMENT OF 
THE ESKAY CREEK 21B ZONE 

Introduction 

The Eskay Creek deposit is an unusually precious metal-rich volcanogenic massive sulfide (VMS) 

deposit containing abundant, well-preserved, primary sedimentary textures. Clastic sulfides have been 

reported in many VMS deposits worldwide, and deposits consisting wholly of transported ore have been 

well documented at Buchans, Newfoundland (Thurlow and Swanson, 1981; Binney, 1987) and in the 

Kuroko district of Japan (Ohmoto and Skinner, 1983). However, the Eskay Creek deposit has many 

characteristics that distinguish it from these other deposits, including: 

• abundance of fine-grained clastic sulfides and sulfosalts, 

• unusual ore mineralogy (sphalerite-tetrahedrite-galena-pyrite-dominant clasts) 

• presence of unmineralized carbonaceous argillite interbeds, 

• exceptional enrichment in gold and silver, 

• enrichment in epithermal-suite elements (Sb-Hg-(As)) 

These characteristics have not been described elsewhere in the literature. 

The Eskay Creek deposit consists of several subzones which vary in composition and texture. 

Detailed descriptions of these zones are provided in chapters 2 (Roth et al., 1999) and 3. Clastic textures 

are recognized in several of the stratiform subzones but they are prevalent in the 21B zone, which is the 

largest of the subzones and contains the bulk of mineralization in the deposit (about 1.08 million metric 

tonnes averaging 65.5 grams Au per tonne and 2,930 grams Ag per tonne (Prime Resources Group Inc., 

Annual Report 1994). Ore in the 21B zone consists almost entirely of reworked, bedded, sulfide-sulfosalt 

fragments interbedded with black argillite. 

The presence of clastic sulfides provides evidence for syngenetic depositional processes on the 

seafloor. Sedimentary textures, bedforms, clast composition and size distribution are indicators of 

potential source areas, transport mechanisms, and paleoenvironment. The predominantly clastic nature 
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of the 21B zone provides constraints for the depositional setting and genesis of the deposit, and may 

have implications for precious metal enrichment. 

In this chapter, the primary bedforms and styles of mineralization within the 21B zone are 

documented based on examination of numerous drillcore intervals and underground mine openings. 

Evidence for the local depositional setting, possible source areas, and mechanisms of fragmentation and 

transport are discussed. These processes provide physical constraints for the genetic history of the 

Eskay Creek deposit. 

Depositional Setting 

The Eskay Creek deposit is located in the Iskut River area, a nearly 6000 km2 portion of northern 

British Columbia, located on the western margin of the allochthonous Stikine Terrane and containing a 

variety of mineral deposits and showings. The area is underlain by a complex volcano-plutonic arc 

(Hazelton Group), which formed during the Early to Middle Jurassic on an earlier Triassic arc (Stuhini 

Group) and underlying Paleozoic volcanic and sedimentary rocks (Stikine Assemblage). Macdonald et al. 

(1996) defined two magmatic pulses within the Hazelton Group. The earlier event, between about 200 

and 180 Ma, was characterized by calc-alkaline andesite to dacite. Mineralization at Eskay Creek is 

related to the later event, active from about 180 to 170Ma, which is bimodal and contains both calc-

alkaline and tholeiitic signatures. Evidence of subaerial and submarine environments at the same 

stratigraphic level and rapid lateral facies changes throughout the Iskut River area suggest an 

environment of partially emergent volcanic centres with intervening basins (Macdonald et al., 1996). 

Evidence for syndepositional faulting suggests that an extensional environment existed at the time of 

bimodal volcanism (Edmunds et al., 1994; Lewis, 1995; Macdonald et al., 1996). Bimodal volcanic and 

sedimentary rocks of the upper part of the Hazelton Group may reflect intra-arc rifting (Macdonald et al., 

1996) or formation of a marine basin in a back-arc setting (Barrett and Sherlock, 1996). 

The Eskay Creek deposit occurs within bimodal volcanic rocks on the west limb of an anticlinal 

structure. Stratigraphic orebodies are hosted within black argillite ("contact argillite") at the contact 

between underlying rhyolite and an overlying, intercalated basalt and argillite sequence, as described in 

chapters 2 (Roth et al., 1999) and 3. The regional setting, stratigraphy, and lithogeochemistry of the host 

rocks are described further by Lewis et al. (1992), Bartsch (1993a, 1993b), Macdonald et al. (1996), and 
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Barrett and Sherlock (1996). Important characteristics that constrain the mineralizing environment 

include: 

1. The rhyolite and basalt are tholeiitic and lithogeochemically distinct from underlying and regional 

calc-alkaline volcanic rocks associated with the Hazelton Group (Barrett and Sherlock, 1996). 

2. The footwall rhyolite forms a linear series of flow domes extending several kilometres south of the 

deposit, indicating synvolcanic fault control (Bartsch, 1993a, 1993b). 

3. Facies transitions in sediments underlying the rhyolite suggest regional deepening from coarse

grained, shallow marine sediments in the south to shale-dominated, deeper marine sediments to 

the north, stratigraphically below the orebodies (Bartsch, 1993b). However, this trend is not 

observed at the ore horizon in the contact argillite. 

4. Rhyolite is variably altered to sericite ± magnesian chlorite ± quartz in the vicinity of the 

mineralized zones. Intense chlorite-sericite alteration is confined to the upper rhyolite immediately 

below the 21B zone. Silica and potassium feldspar alteration extends further below and laterally 

away from the mineralized zones (Bartsch, 1993b; Barrett and Sherlock, 1996). 

5. Pyroclastic and epiclastic rhyolite near the top of the rhyolite are most abundant at the north end 

of the flow dome sequence, immediately under the 21B zone, suggesting a synvolcanic fault-

controlled basin or graben may have formed in this area (Rye, 1992; Bartsch, 1993a, b; Barrett 

and Sherlock, 1996). 

6. The contact between rhyolite and argillite near the 21B zone is typically gradational. Rhyolite tuffs 

and graded epiclastic sequences typically become darker in colour upwards as the pelagic 

sediment and organic carbon content of the rock increases and the sericitized ash component 

decreases. Relict sericitized rhyolite fragments are locally supported in an argillitic matrix (chapter 

2-Roth et al, 1999). 

7. The orebodies are small, tabular, stratigraphically controlled lenses hosted in argillite above 

rhyolite. The stratiform orebodies are associated with the thickest accumulations of argillite in the 

area, suggesting localized basins or depressions in the paleotopography (Fig. 3.3), which are 
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coincident with the thickest accumulations of volcaniclastic rhyolite and the most intense 

alteration. 

8. A marine setting for mineralization is constrained by the fossil assemblage found in the contact 

argillite, including radiolarians, ammonites and belemnites (Nadaraju, 1993). 

9. Estimated water depths are best constrained from fluid inclusion evidence of Sherlock et al. 

(1999), which suggests mineralizing hydrothermal fluids underwent phase separation at 

temperatures less than 200°C. Fluid inclusion and geological evidence suggest that the deposit 

formed in a relatively shallow-water setting, at less than 1500 metres water-depth. If boiling 

occurred below the seafloor, water depths could have been shallower. The nature of the contact 

argillite indicates deposition must have been below wave-base. 

10. The contact argillite is overlain by a sequence of massive to pillowed basalt, which is intercalated 

with argillite containing marine fossils. Peperitic textures associated with basaltic sills intruding 

the top of the contact argillite suggests basaltic volcanism occurred while the sediments were still 

wet and unlithified. However, the absence of significant alteration in the hanging wall basalt 

indicates that the hydrothermal activity associated with mineralization had waned (Bartsch, 

1993b; Macdonald et al., 1993; Roth, 1993; Barrett and Sherlock, 1996). 

The geologic features associated with the Eskay Creek deposit are characteristic of the 

depositional setting for a VMS deposit at the seafloor, as summarized by Franklin et al. (1981), Lydon 

(1988), and Franklin (1995). The linear geometry of the rhyolite flow domes is consistent with 

hydrothermal activity focused in a fault-controlled, linear trough or basin during a period of waning felsic 

volcanism and active sedimentation (Bartsch, 1993b; Barrett and Sherlock, 1996; chapter 2 - Roth et al., 

1999). 

Geometry of the Orebody 

The bulk of the 21B zone forms a tabular orebody of bedded clastic sulfides and sulfosalts that 

occurs mainly on the west limb of the Eskay Creek anticline (Fig. 2.2), and dips at between 20° and 45° 

along most of its length. The overall geometry is shown in Figure 4.1 at intervals along the length of the 

21B zone. Structural offsets and folding in the northern third of the orebody has resulted in local 
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thickening and steepening of the ore. This occurs abruptly across a poorly defined northwest trending 

structure near 10700N (Fig. 4.1). In the northern half of the deposit, mineralized zones drape over the 

crest, and continue on to the east side, of the Eskay Creek anticline. 

The northern half of the orebody lies directly on the footwall rhyolite, but towards the south an 

accumulation of unmineralized argillite occurs between the upper contact of the rhyolite and the base of 

the orebody. The thickness of this unmineralized basal argillite increases southward, away from the 

centre of the 21B zone, but ends abruptly along a north-trending margin to the southwest (Fig. 4.2). Ore 

in the southwestern corner of the 21B zone lies directly on, and locally within, the upper rhyolite. 

The greatest ore thickness occurs in the centre of the zone and trends to the north-northwest, 

approximately parallel to the strike of the deposit (Fig. 4.3). The ore thins towards the margins in all 

directions. Movement and hydrothermal overprinting along the Pumphouse Fault zone generally disrupt 

the eastern margin of the zone, and primary textures in this area are therefore largely obscured. On the 

downdip margin, sulfide-sulfosalt beds become progressively less abundant and thinner until the beds 

pinch out into unmineralized or weakly mineralized argillite. This is preserved only locally because steep 

north-northeast trending faults and zones of intense foliation truncate, deform, and offset the downdip 

margin along portions of the northern half of the orebody, and late-stage hydrothermal events obscure the 

primary ore in the southwestern margin of the 21B zone (Figs. 4.1 and 4.2). 

Sedimentary Features in the 21B Zone 

The 21B zone consists dominantly of transported, bedded, sulfide-sulfosalt fragments 

interbedded with variably thick intervals of unmineralized argillite. Primary sedimentary features are 

generally very well preserved, although post-clastic hydrothermal activity has locally overprinted and 

obscured these textures, particularly in the central and southern portions of the zone (see Chapter 3 for 

details). Sedimentary characteristics of the 21B zone are described below. 

Sulfide-Sulfosalt Beds 

The bedding thickness, bed spacing, and clast size varies both laterally and vertically throughout 

the 21B zone. Five principal bed types are defined, with variations in some categories. Their general 

characteristics are summarized in Table 4.1, and examples of each type are shown in Figure 4.4. 
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Figure 4.2: Isopach map of thickness of argillite between the top contact of rhyolite and the base of the 
21B zone orebody. 



183 



OT 
9> 

w 

2 o 
j2 E 

II o CO 

i i 

"a -rf 
<D CD ^ t: 

§11 

o c 
* CO 
•g E 

a. 
co 

cu 
C L 

C L CL - D * 
® £ S. 
CO o c JD O O 
•I 2 E 

i _ o 
^ CO O 
C C CO 

CD jo -jj 

= C L CO 

CO CO o 

CO 

"a" xS a cu x: 
o o c 
w S- i 
i _ _> :.—• 
O W ^ 

o « ® 
03 o * 

° «9 d> 
c JO -
3 O 

C J Z 

CO V 

Ia
n 

ed
, 

X 
CL tt " L _ 

o 

m
at

 

tr
ix 

y 
s m
at

 

m
a 

at
el

 

03 m
a 

at
el

 

03 k_ 
CD 

— T J CO 

lo
ri

tic
-a

rg
i 

nt
ac

ts
 

or
ly

 to
 m

o 
o 

ch
lo

ri
tic

 

o O 0^ 
CJ O C L . — 

03 
u 
a E 03 O 

TJ ~* 
E m 
o o 
>,-fcf 

— cu 
o r 
2 ° 
CL CO 

ce ^ 
.9 co 
•c 45 cu 

T3 CO CO 
a) o c t ... o 

CO JO 
CJ 

tj" 03 
r o co 
I 

03 
o 

S,.t;y > . J Z > , T 3 o x c >, x "ptriS — CJ — CD Q . C p — C 

CO fc o 
o 
Q . E 

T J 
03 •c o 
CO 

S o 
Q3 5" 
TS CO 

CD •— 
T J i= o CO 
E E 

03 JD 
'co 

„, '> S 3 -CO 

„ o 
CO -c 
v c 
>> (0 

g « 
CL CD 

CD 

CO co O. O 
CO CO 

CO _CD 
0) C L 

U 
cu" T J 

= CO 
CT-C 

CO .9. 

X co 
fe c 
CO 03 

S * 
CO ^ -

>> o 
~ CL 

s °-O 3 
C L CO 

c go 
8 & 
CO CO 

•s § 
s £ 
CO S 
CO TJ O >. 
C L J Z 

OT 

I- I 
II o u 

CD 

o S ~ 
92 co 
2 = 
>< CD I E 
C O) 
. . CO 

g j= 
£ 2 
15 | S TJ 
03 C 

sz co 

o -
2 

c> "== 
LO o 

3 : 1 g 
oo Hi 2 

Ti co co -3 - n TJ 
C 03 E 

o 
03 03 
S c 
2= 03 3 
CO CO 

J Z 
CL 

C CO 

IS 
E « •a co j > 

£ 03 
*- CO 

I & 
i « 

c •ti co 
co 
co 

3 J5 
co o 

03 

•o c 
03 03 

E 
CO 
CO 

ith
ic

 
rs

e 

na
te

; 

pa
 

im
i 

c co o CO 03 . •a c 03 . JO 
E CO to 

do
i CO 

c 
cl

a 
03 03 a> •a E T J 

O) 3 CO 3 
CO CO 

JO 
CJ C 

•= CD 

I I 
SZ CO O i 
o m 
.2 o I I 
CD 2 03 

co E Jo 
o>" co 

* = S3-
co 

o 
Ig 
03 
co 
1_ cfl 
CO. 

co 
JO 
Io JO o 

co 
3 J5 
co cj 

b- 5 
JD 
CO *k_ 
CO > g 
is x: c .t; co ~ .E o 
E o 

T J 

03 
CJ 

<bl S c 
^ 3 
3 X3 
CO CO 

03 
CO 

.>> 

"CO 
O 
C L 

2? 
B$ c o 
CD LO 
E o coco C L 

>fc 3 

CO O 
C L 

E » o .£ 
o CO 

• D CO 

CO (0 

c o 
co cp 03 03 

T J T J 
*»— H — 

3 3 
CO CO 

CO 03 i sz 03 CJ 

S To 
C L 

CO Q . — 

giQTS 
O CO c 
CM J0 c 

v ° 2 
I ' l l 
.go a 
9; 3 c 

CO CO 

CD 

II o 

T J 03 
T J 
CO 
CO 

CO 03 
o 

T J 03 
T J 
CO 
L. 
CO c 
3 

T J 
03 

TJ Cfl . cn c 
3 

TJ 
03 

TJ 
CO .— 
CD 
C 
3 

T J 
CD 

T J 
CO CJ 
O f c = 
3 i _ 

2 S, 

"8 is 
fe. co 
CO CO 

= " 
CO CD 

E S O 3 
C CO 

CO 
T J 03 
X I 

^ CO 
>> CL c JD 

C3 CD 

CO To 
c c 

03 
O 

03 
E _ 
ffl o 

T J 
CD 

T J 
CO k_ 
CO 

c 
3 

T J 
CD 

T J 
CO 
i _ 
CO 

>. 
To 
E o c 

T J 
CD 

TJ 

2 
CO 

To 

o c 

T J 
03 

T J Cfl 
T J 
03 

T J 
CO 

CO 
C 
3 

T J 
03 

T J 
CO 
i _ 
CO 

c 
3 

CD 
Ol 
a 
L_ 

II CO 
cfl jo 

IO gl 
on 
c 
re 
CC 

E 
E 

II 
co i= 

E 
E 

I 
CM 

I 

E 
E 

CO 
CZ> 

I 
E E 
E E 
CO 

d 

E 
E 

CM 

I 

E 
E 
LO 
I 

E 
E 

E 
E 

CO 

I 
LO 

o 

5 . 
O 
O 
CM 

I 

o o 
LO 

=3. 

o 

o 
LO 

=1 o 

C L 
3 

E 
E 

I 
E E 
E E 
in CM 
ci 

OT OT 

1-5 £ 
".2 » 

II m 

o o o 
LO 
I 

LO 

o 
LO 
I 

o 

o 
CO 

LO 
CM 

o 
V 

T J 
CD 

T J 
T J 
CD JD 
T5 
C 

o 
CM 

, CD 
S 

, CD 

IS 
i ® 

IICO m 

T J 

a> 
T J 

' T J < 03 
T - JD 

J £ 
O 

T J 
03 

T J 
T J 

o 
J Z 

T J 
03 

T J 
T J 

T J 03 
T J 

~ T J 

CM E 
C 

J Z 

T J 
CD 

T J 

CD "8 
CM E 

T J 
03 

To 
CO c 

E 
CO 

T J 
03 
To c 

CD 
CO 
CO 

T J 

CD 

s 

184 



• it*.- >< : 
j 

[ f i l l ! 

Figure 4.4: Bed types in the Eskay Creek 21B zone, as 
defined in Table 4.1. (a) Type 1 A. (b) Type 
1B (left) and 1C (right), (c) Type 2A, 
ungraded (lower) and 2B, normally graded 
(upper), (d) Type 2A; fine grained (< 2mm), 
graded, sulfide clasts with larger chloritic 
rhyolite fragments (< 2 cm), (e) Type 3. 
(f) Type 4, extremely finely disseminated 
sulfides in argillite. Note speck of visible gold 
near the tip of the pencil. 
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Clasts: characteristics and composition 

Sulfide-sulfosalt-rich beds in the 21B zone consist of sulfide-sulfosalt and lithic fragments in an 

argillitic to fine-grained sulfide-sulfosalt-rich matrix. A clastic origin for the fragments is indicated by 

truncated banding at the margins of finely layered sulfide clasts (e.g., Fig. 3.5c), the presence of broken 

grains identified by truncated growth zones (e.g., Fig. 3.6c), and the heterolithic nature of the fragments in 

the beds (e.g., Fig. 4.4a). Sulfide fragments generally range in composition from sphalerite-dominant to 

tetrahedrite-dominant, but most consist of fine-grained intergrowths of tetrahedrite, sphalerite, galena, 

pyrite ± bournonite ± electrum. Individual subhedral or broken sphalerite grains with inclusions of galena ± 

tetrahedrite ± pyrite ± electrum ± boulangerite ± bournonite are also abundant (see Chapter 3 for further 

details). Clasts also vary with respect to the grain size of the sulfide-sulfosalt minerals, ranging from very 

fine to fine-grained (<50>m to ~150u.m). Clast margins are generally sharp, but may be irregular to wispy, 

particularly in zones of intense hydrothermal overprint. 

Lithic fragments consist of argillite, fine-grained sericite, or chlorite. Argillite fragments are least 

abundant and are commonly angular (e.g., Fig. 4.4a). Pyritic or ash-rich laminations are preserved within 

some argillite clasts. Sericitic and chloritic fragments are more common and typically have irregular to 

subangular shapes. The sericite and chlorite within these clasts are very fine-grained. Except for minor 

disseminated pyrite, lithic clasts are barren of sulfides. 

The abundance and distribution of lithic fragments in the sulfide-sulfosalt-rich beds is variable and 

may change substantially between successive beds. Type 1A and 2A beds are distinguished from 1B and 

2B, respectively, by their relative abundance of lithic clasts (Table 4.1). The abundance of lithic fragments 

varies from less than 1%, observed locally in all bed types, up to about 25% in type 1A beds. Type 3 beds 

dominantly contain sericitic clasts; argillite clasts are rare. The lithic clast component in type 3 beds varies 

from about 1% to 20%, but this is difficult to discern macroscopically in these very fine-grained, thin beds 

and therefore, type 3 beds are not subdivided on this basis. 

Matrix 

The matrix of clastic sulfide-sulfosalt beds usually consists of fine-grained sulfides and sulfosalts 

and chloritic argillite. Disseminated pyrite framboids are common. The proportion of clasts to matrix varies 

between beds. In areas of extensive hydrothermal overprint, sulfosalts (including tetrahedrite and lead 
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sulfosalts), stibnite, carbonate and/or quartz cut or replace the matrix between the clasts (see Chapter 3 

for details). 

Clast-size distribution 

In general, clast size is related to the thickness of the ore beds. Sulfide-sulfosalt fragments are 

dominant in most beds and are usually matrix supported. The largest clasts occur only in thick and very 

thick-bedded units (types 1A and 1B). Large sulfide clasts (>1 cm across) typically occur in the lower part 

of bed types 1 and 2, supported in a matrix of finer silt to sand-sized sulfide-sulfosalt fragments and clays. 

In bed type 1B, larger sulfide-sulfosalt clasts are erratically dispersed (e.g., Fig. 4.4b). Lithic fragments 

are typically larger than associated sulfide clasts within a given bed, except in type 1 A. Lithic clasts are 

variably distributed throughout the beds, commonly fining upward (e.g., Fig. 4.4d) or concentrated near 

the upper contact (e.g., Fig. 4.4c). 

Overall, the sulfide clasts throughout the 21B zone are relatively fine-grained. Average grain size 

is typically 2 to 4 millimetres in the coarsest beds (e.g., Fig. 4.4b), although rare clasts reach 10 

centimetres across. The majority of the 21B zone consists of bed types 2A, 2B and 3, which most 

commonly contain clasts less than 1 to 2 millimetres across. 

Clast size and bedding thickness generally decrease stratigraphically upwards and outwards 

towards the margins of the 21B zone as spacing between the sulfide-rich beds increases. The number of 

beds also decreases towards the margins of the zone. At the downdip edge, very thin sulfide-sulfosalt-

rich laminae (type 3 beds) gradually pinch out and grade into sparsely disseminated sulfides and 

sulfosalts in argillite (type 4). This lateral gradation is observed only locally because the margins of the 

orebody are disrupted by structural offsets and hydrothermal overprint in most places. Disseminated 

sulfides and sulfosalts (type 4) are commonly submicroscopic and therefore not readily observed in 

drillcore and hand samples (e.g., Fig. 4.4f). Such subtle precious-metal-rich style of mineralization is 

generally recognized only by assay analysis and may be associated with up to about 30 grams per tonne 

gold and several hundred grams per tonne of silver. Very finely disseminated sulfides also occur locally 

above bedded and laminated sulfides of the 21B zone. However, bedding parallel faults truncate the 

upper contact of the ore in many places and obscure the nature of the upper contact of the orebody. 
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Type 5 beds (Table 4.1) consist of patchy sulfides and sulfosalts in argillite. The patches are up to 

2 millimetres across and sparsely disseminated in an argillite matrix. The origin of these patches is 

unclear and may represent poorly sorted, matrix-supported clasts in a relatively sulfide-poor bed. 

Alternatively, these sulfides may have formed by secondary hydrothermal processes after deposition of 

unmineralized argillite. Beds of this type are commonly also cut by sulfide stringers, suggesting the latter 

origin may be more likely. 

Bed thickness 

Individual sulfide beds range from less than 1 millimetre to over 1 metre in thickness. Beds 

greater than 50 centimetres thick are rare. Overall, beds thin towards the top of the orebody, although 

variable thicknesses occur throughout the sequence. Intervals of thin beds may be unsystematically 

interspersed among thicker beds. The thickest beds are those of type 1. Type 2 beds are less than 30 

centimetres thick and type 3 include thin beds and laminations less than 1 centimetre thick. Clusters of 

several type 3 beds commonly occur within or at the base of sequences dominated by bed types 1 and 2. 

The thickest sulfide-sulfosalt beds are coincident with the thickest part of the 21B zone (Fig. 4.3). 

Beds thin laterally towards the margins and towards the south end of the orebody. In the northern third of 

the 21B zone (north of about section 10700N), bed thicknesses change abruptly towards the eastern and 

western margins. Drill intercepts dominated by Type 2 beds may occur less than 10 metres downdip of 

the thickest Type 1A beds. Changes in bed type and lateral continuity are discussed later in this chapter. 

Sorting and grading within beds 

The sulfide-sulfosalt beds show variable sorting and grading both vertically and laterally. 

Successive ore beds may have different internal structures, as shown in Fig. 4.4c. Graded beds show 

normal coarse-tail grading, in which the coarsest fraction shows grading although the fine fraction is 

present throughout the bed (see Middleton and Hampton, 1973). 

In general, the coarsest grained, heterolithic beds (type 1 A) are very poorly sorted and contain 

mixtures of coarse and fine sulfide and lithic fragments. These beds are ungraded, although the upper 

contact may be gradational into unmineralized argillite as sulfide-sulfosalt fragments and grains become 

progressively finer and less abundant. Similarly, thickly bedded, coarse-grained, sulfide-sulfosalt-rich, 

lithic-poor beds (type 1B) are typically unsorted to poorly sorted and ungraded. In these beds, large 

sulfide-sulfosalt clasts (> 1cm) occur erratically among finer material (e.g., Fig. 4.4b). Thick accumulations 
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of medium sand to granule-sized sulfide-sulfosalt clasts (type 1C) are also typically poorly sorted and 

ungraded. In most cases, both the upper and lower contacts of type 1B and 1C beds are sharp. 

Sulfide-sulfosalt beds of types 2 and 3 may be normally graded or ungraded, and poorly to 

moderately sorted. Normal, coarse-tail grading in these beds is common. Type 2A beds contain up to 

10% lithic fragments, which may be concentrated near the upper contact of the bed (e.g., Fig. 4.4c, lower 

bed) or distributed throughout the bed. In normally graded type 2A beds, both the sulfide-sulfosalt and 

lithic clasts fine upwards, however the lithic clasts may be an order of magnitude larger than associated 

sulfide clasts (e.g., Figs. 4.4d and 3.11c). Type 2B beds also commonly show grading, but generally 

contain less than 3% lithic clasts, which are of similar size to the sulfide-sulfosalt clasts (e.g., Fig. 4.4d, 

upper bed). 

Type 3 beds show the same textures recognized in Type 2 beds, but at a smaller scale. These 

textures are difficult to recognize macroscopically, but thin, finer-grained beds similar to types 2A and 2B 

are recognized in thin section (e.g., Chapter 3: Fig. 3.11c, graded type 2A; Fig. 3.11a and b, ungraded, 

poorly sorted type 2A; Fig. 3.1 Od, ungraded type 2B). 

Disseminated sulfides and sulfosalts in type 4 beds are sparse and are generally distributed 

evenly within the thin argillite bed that hosts them. These beds are well sorted with little variation in grain 

size among the sulfide-sulfosalt clasts and grains. Grain size within type 5 beds is variable and if these 

beds are of primary origin, they are poorly sorted. 

Other sedimentary features 

A well-preserved example of imbricated, stacked, argillite rip-up clasts was observed in drillcore 

near the centre of the 21B zone. The clasts occur at the base of a type 1A bed near the centre of the 21B 

zone and are shown in Figure 2.6. The argillite contains thin pyritic laminations, and the clasts are 

elongate and rectangular in shape. 

Coarse-grained sulfide sulfosalt beds formed on argillite commonly have undulose or irregular bases with 

load structures and, locally, associated flame structures (e.g., Fig. 4.5a). Elsewhere, the origin of these 

features is not well defined and may be due to scouring of the underlying bed during clastic transport. A 

possible example of scour into underlying argillite is shown at the base of the sulfide-sulfosalt bed in 

Figure 4.4d. 
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Figure 4.5: Primary sedimentary and secondary 
deformation features in the 21B zone, 
(a) Load features at the base of type 2B 
beds, (b) Chaotic bedding in laminated 
argillite and sulfides, (c) Boudinaged sulfide 
bed (at arrow). Cobble-material in upper left 
of photo is backfill, (d) Truncated and drag-
folded sulfide beds, (e) Syndepositional 
slumping and folding in bedded sulfides. 
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Synsedimentary slumping is common in many environments associated with rapid sediment 

accumulation and slope instability, and may be enhanced by the high density of sulfide-sulfosalt beds. 

The chaotic reorientation of laminated argillite, associated with disrupted clastic sulfides shown in Figure 

4.5b, may have resulted from slumping of unconsolidated beds. 

Synsedimentary faults have been described by Edmunds et al. (1994), where synsedimentary 

offset during sedimentation results in asymmetrical bedding thickness across the structure. 

Barite 

Barite is relatively scarce in the 21B zone. The most significant accumulation of barite occurs in a 

small body at the base of the clastic sulfide-sulfosalt ore near the centre of the orebody (Fig. 4.1, section 

1061 ON). A 3 metre thick zone of massive to clastic barite, overlain by 8.5 metres of bedded clastic 

sulfides and sulfosalts, was intercepted in a single drillhole (610-865, Fig. 4.6). The lower 0.5 metres of 

the overlying clastic sulfide-sulfosalt beds contain fragments of barite up to 4 centimetres across. Only 

one other hole in this area, located 5 metres to the north, reported 1.2 metres of massive barite at the 

base of the 21B zone. The massive barite interval has a mottled to fragmental appearance and contains 

about 5-10% intergrown calcite, up to 2% sphalerite, and minor tetrahedrite. Precious metal grades within 

the baritic interval are much lower than in the surrounding sulfide and sulfosalt beds, reaching 3 g/t Au 

and 3000 g/t Ag. Massive barite is absent from surrounding drillholes, which are spaced about 10 metres 

apart, although barite clasts (up to 10%) occur in a bed at the base of a drillhole located 27 metres north 

of drillhole 610-865 (in drillhole U-40). Barite clasts are rare in sulfide-sulfosalt rich beds in the northern 

half of the 21B zone. 

Thin (up to 30 cm), barite-rich beds have been observed near the southern end of the 21B zone. 

In drillhole CA90-071 (Fig. 4.6 and 4.7), an interval near the base of the contact argillite grades upwards 

from argillite with mottled patches of barite ± dolomite to massive barite containing up to 15% very fine

grained sulfides (including sphalerite, pyrite and tetrahedrite). These baritic beds are overlain by two type 

3 beds and minor type 4 intervals. The massive barite interval is replaced and cut by late calcite in 

patches and stockwork veinlets. 
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Figure 4.6: Facies areas and representative profiles through the 21B zone orebody. 
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Unmineralized Interbeds 

The sedimentary intervals occurring between successive sulfide-sulfosalt beds are dominantly 

black, carbonaceous, non-calcareous argillite. The contact between graded sulfide-sulfosalt beds and 

overlying argillite is gradational as the abundance of sulfides and sulfosalts progressively diminishes 

upwards. Unmineralized argillite interbeds may contain trace sphalerite and up to 3% pyrite as framboids, 

spheroids, fine euhedra, small (<5 mm) nodules, or pyritic laminations. Bedding within the argillite 

interbeds is defined by the pyritic or ash-rich laminations, where present. Pyrite laminations less than 1 

millimetre thick are locally common in unmineralized argillite interbeds more than about 2 centimetres 

thick. 

Black to grey siltstone or tuffaceous ash beds are rare as interbeds between the sulfide-sulfosalt 

rich beds. Siltstone occurs locally at the base of the contact argillite near the south end of the orebody. 

Ash and silt-rich beds are most abundant in the upper contact argillite, stratigraphically above the 21B 

zone horizon. 

In some areas, dark olive-green to khaki coloured beds up to 20 centimetres thick are 

interbedded with clastic sulfide-sulfosalt beds and unmineralized argillite. These beds are very fine

grained. X-ray diffraction analysis indicates that they consist mainly of chlorite, and may have originated 

as mafic ash beds or reworked hyaloclastite. 

Calcite-rich argillite intervals, up to 50 centimetres thick, occur locally between sulfide-sulfosalt 

beds (e.g., Fig. 4.8). These beds consist of up to about 60% calcite as radiating porphyroblasts and are 

restricted to the southern half of the 21B zone. 

The thickness of unmineralized sediments between successive sulfide-sulfosalt beds varies both 

vertically and laterally in the 21B zone. Argillite may be less than 1 centimetre thick, or absent, between 

type 1 beds in the central 21B zone and up to about 1 metre thick between type 3 beds near the margins 

of the orebody. 

Bed Relationships 

Sulfide-sulfosalt beds described in Table 4.1 typically have sharp basal contacts and are 

commonly gradational into overlying unmineralized argillite interbeds. In some areas, type 1 beds form a 

succession of beds that is uninterrupted by argillite. Contacts between the beds are generally sharp and 
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identified by abrupt changes in grain size or clast composition (i.e., abundance of lithic fragments). 

All five of the bed types presented in Table 4.1 may be observed within a given profile through the 

21B zone, although distribution of types 1 and 2 is laterally restricted. In association with types 1 and 2, 

type 3 beds most commonly occur in clusters of up to 10 sulfide-sulfosalt laminae separated by very thin 

(< 5 mm) argillite interbeds. 

The thickness of sulfide beds and interbedded argillite is variable both vertically and laterally. 

Several cycles of variable spacing, clast size and bed thickness may be present in a given profile. The 

number of sulfide-sulfosalt beds present ranges from as many as 30 near the centre of the deposit to, 

locally, only one or two thin laminations at the margins (Figs. 4.6 and 4.7). 

Bed Continuity: Deposition and Deformation 

The 21B zone has an overall tabular shape (Fig. 4.1) that may be largely primary. In drillcore the 

sulfide beds are generally well preserved and appear to record a succession of events. Trends in bed 

thickness and clast size are well defined and can be used to establish variation throughout the zone (see 

below). The large spatial variation in number of clastic sulfide-sulfosalt beds indicates deposition was not 

uniformly distributed as sheet-like events throughout the depositional basin. 

In underground exposures, deformation, including small-scale offsets, fault repetition, and 

truncation, make detailed correlation of mineralized beds between drillholes difficult to impossible (e.g., 

Figs. 4.8 and 4.9). The number of depositional events recorded by the sulfide-sulfosalt beds is obscured 

by these structural disruptions. 

Examination of individual beds along a sill drift near the centre of the orebody (Fig. 4.10) 

demonstrates that beds can generally be traced no more than 10 to 15 metres along strike before 

pinching out due to boudinage (e.g., Fig. 4.5c) or truncation by structural offset (e.g., Fig. 4.5d). Sharp 

hairline structures that contain no clay gouge or rubble are often not recognized in drillcore, but may 

offset beds by millimetres to tens of centimetres (Fig. 4.4e). 

Faulting is common along the upper and lower contacts of the orebody. The contrast in 

competence between strongly chlorite-sericite altered rhyolite immediately underlying the orebody, and 

less-altered more competent rhyolite below it, has resulted in development of strong foliation and local 
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Figure 4.9: Map of north wall in the #3 Stope cross-cut (location shown in inset). Bed types 1B. 1C, 2A, 
2B, 3 and 5 are represented. This opening is located close to the Pumphouse Fault Zone and 
bedding relationships are strongly disrupted by faulting. The footwall contact could not be 
mapped because it was obscured by shotcrete ground support material. Legend is the same 
as for Figure 4.8. 
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shearing and faulting at the base of the 21B zone. The upper contact is commonly truncated by a clay-

rich fault that is subparallel to bedding (Figs. 4.8 and 4.9). 

Diagenetic features 

Evidence for diagenetic processes includes concretions, which form locally in unmineralized 

argillite beds within the contact mudstone, both within the ore and stratigraphically above it. The 

concretions are calcareous, typically about 10 centimetres and locally up to 30 centimetres in diameter, 

and generally display no obvious nucleus or internal structure. 

Small pyrite nodules, less than 1 centimetre across, are observed locally in argillite throughout 

the host sequence. Framboidal pyrite in the argillite matrix to the sulfide-sulfosalt clasts is also of 

diagenetic origin. 

The local calcite-rich interbeds may have a diagenetic origin. The original texture of these beds is 

obscured by recrystallization of calcite and dolomite to form radiating and interlocking porphyroblasts. The 

carbonate minerals could represent primary precipitation on the seafloor, preferential carbonate 

cementing of pore spaces in these beds during diagenesis, or preferential replacement of these beds by 

carbonate during later stages of hydrothermal activity. 

Other diagenetic processes such as dissolution, replacement and recrystallization of minerals 

within the 21B zone are difficult to recognize. Diagenetic origin cannot readily be distinguished from the 

effects of late-stage hydrothermal activity and later metamorphism. 

Distribution of the Bed Types 

The proportion of bed types, bed thickness, grain size, and abundance and thickness of 

interbedded argillite changes laterally from the centre of the 21B zone. Based on this variation, the 

deposit can be subdivided into seven areas (Fig. 4.6). Boundaries between the areas are gradational. 

Area A 

Area A covers the central and northern part of the 21B zone and includes the thickest part of the 

21B zone (Fig. 4.3). Although primary textures are generally well preserved, much of the south end of 

Area A has been extensively overprinted and replaced by late sulfosalts, stibnite and cinnabar, as 

described in Chapter 3. 
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Sulfide-sulfosalt beds in Area A are dominated by types 1 and 2 and include the thickest beds in 

the deposit. The linear nature of the distribution of these thick beds, and rapid change to thinner sulfide-

sulfosalt beds laterally to the eastern and western margins, suggests that the beds in Area A were 

deposited in a north-trending channel. The coarsest-clasts observed in the deposit occur within type 1A 

beds near the south end of the area. The abundance of type 1A beds and average clast size decrease 

northward along this channel although coarse clasts (up to 5 cm across) are locally present in type 1B 

beds along the length of Area A. 

Argillite interbeds between type 1 beds are typically less than one centimetre thick. Thick type 1A 

beds are most common near the base of the clastic sulfide-sulfosalt sequence, but are not present in all 

drillhole intercepts examined. Beds of type 1B and 1C generally alternate through the base and middle 

portion of the ore. 

Type 2 beds are common within this area and occur at all levels in the bedded sequence, but 

increase in abundance towards the top of the orebody. Type 2A beds are more prevalent than type 2B. 

Where the upper contact of the ore is not truncated by faulting, type 3 beds gradually become dominant 

towards the top of the sequence. Type 3 beds are present throughout the sequence, but form a minor 

component of the total sulfide-sulfosalt accumulation within Area A. Disseminated sulfides of type 4 occur 

locally stratigraphically above the last visible type 3 sulfide-sulfosalt lamination. 

Area B 

Area B surrounds the northward trending sulfide-sulfosalt accumulation in Area A and is 

dominated by type 2A and 2B beds. Type 1 beds are sparse near the boundary with Area A and are 

absent from the sequence near the boundary with Area C. Type 3 beds are present throughout the 

sequence but are most abundant towards the top. 

Type 2 beds decrease in average thickness and clast size as the thickness of the argillite 

interbeds increase with distance away from Area A. The sulfide-sulfosalt beds within Area B are generally 

separated by less than 5 centimetres of unmineralized argillite and minor pyrite laminations. 

Area C 

Area C occurs mainly to the south of Area B and is dominated by Type 2 and 3 beds. The 

average clast size is finer than in Area B and spacing between beds is generally greater. Type 3 beds are 
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dominant towards the top of the ore and may be spaced up to 20 centimetres apart by unmineralized 

argillite, pyrite laminations and tuffaceous intervals. 

Calcite-rich argillite interbeds are most common in this area (e.g., Fig. 4.8). The beds range from 

10 centimetres to 1 metre in thickness and are unmineralized. Only one or perhaps two of these beds 

occur within the sequence. 

Area D 

Area D is dominated by widely spaced, type 3 sulfide-sulfosalt beds and laminations. Type 2 beds 

are sparse and decrease in abundance away from Area C. Disseminated sulfides (type 4) occur locally 

between thin sulfide-sulfosalt laminations and near the top of the orebody. 

Area E 

Most of the southwestern part of Area E is characterized by strongly sericite-chlorite altered 

contact argillite and underlying rhyolite associated with stringers and disseminations of sulfides and 

sulfosalts. Massive stibnite veins and a vein of massive realgar cut the contact argillite locally, as 

described in Chapter 3. Primary clastic mineralization is preserved locally and is characterized by sparse, 

widely spaced type 3 sulfide-sulfosalt laminations and type 4 disseminations. This is best preserved at the 

downdip margin of the 21B zone, near drillhole CA90-355 (Fig. 4.6). 

Area F 

Area F is dominated by type 5 mineralization and is of uncertain origin. Late chalcopyrite-rich 

stringers are common, indicating that later hydrothermal fluids were active in this area. 

Area G 

Area G is dominated by massive sulfides formed by replacement processes. Primary sedimentary 

features are preserved locally, indicating type 2 beds may have been common. However intense 

deformation, fault offsets and hydrothermal overprint associated with proximity to the Pumphouse Fault 

Zone have obscured the original geometry of the ore sequence and the primary sedimentary relationships 

between sulfide-sulfosalt beds in this area. 
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Discussion 

The 21B zone of the Eskay Creek deposit was formed by clastic reworking of sulfide-sulfosalt 

fragments into a north-trending basin that were subsequently overprinted by later hydrothermal fluids. 

Restriction of coarse-grained, thickly bedded clasts into a narrow north-trending feature (Area A), and the 

rapid lateral change to finer-grained, thinner beds suggests clasts were transported and deposited within 

a narrow channel or graben that extends along the northern half of the zone. This channel directly 

overlies the most abundant accumulation of reworked, monolithic, graded rhyolitic volcaniclastic material, 

suggesting a depression existed on the paleosurface of the rhyolite flows and autobreccias prior to the 

cessation of felsic volcanic activity. This area also coincides with the thickest accumulation of contact 

argillite (Fig. 3.3). The narrow channel into which sulfide-sulfosalt clasts were deposited may have formed 

by synvolcanic faulting. 

Accumulation of argillite below the sulfide-sulfosalt beds in the southern half of the deposit and 

the presence of argillite fragments within the beds indicates that extrusive volcanic activity had ceased 

and muddy sediments had started to accumulate on the seafloor prior to the onset of sedimentary sulfide-

sulfosalt deposition. The hydrothermal system that deposited the sulfides and sulfosalts of the 21B zone 

became active during this hiatus in volcanism. 

Barite precipitation was active within the basin prior to clastic reworking of the sulfides and 

sulfosalts, as indicated by the small accumulation of massive barite at the base of the 21B zone near the 

centre of the deposit. This formed where early, low temperature, metal-poor hydrothermal fluids vented at 

the seafloor and reacted with oxygenated sulfate-rich seawater to precipitate mainly barite ± calcite ± 

anhydrite. Anhydrite has not been observed but would likely have been dissolved during cooling of the 

mound due to its retrograde solubility. Minor zones of massive gypsum are observed locally within the 

upper rhyolite in this area and may have originated as anhydrite. It is not clear however, whether the 

gypsum is associated with formation of the massive barite or with later hydrothermal processes. 

Sulfide-sulfosalt fragments, dominated by honey yellow sphalerite, tetrahedrite, galena, pyrite and 

minor boulangerite and electrum (Chapter 3), were transported and deposited in the basin, surrounding 

and burying the early barite mound. The coarsest clasts, together with abundant fine-grained fragments, 

were deposited in the north-trending channel. Finer clasts (< 1cm) were more widely distributed. Clastic 
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sulfide deposition in the basin was not continuous, as indicated by accumulation of unmineralized argillite 

between many of the beds. Continued hydrothermal activity resulted in post-depositional overprint of the 

primary sedimentary textures near the centre of the 21B zone, as described in Chapter 3. 

Direction of Transport and Evidence for Source Area 

The source of clastic sulfide-sulfosalt fragments that comprise the bulk of the 21B zone was likely 

near the current location of the deposit. The intense sericite and chlorite alteration in the immediate 

footwall of the 21B zone indicates that hydrothermal fluids were active in the vicinity of the depositional 

basin. A significant increase in disseminated and vein-hosted sulfides in rhyolite is observed with 

proximity to the Pumphouse Fault Zone (see Fig. 3.7), indicating it provided a conduit for hydrothermal 

fluids during mineralization. 

Massive sulfides formed along the Pumphouse Fault in the East Block zone, adjacent to the north 

end of the 21B zone. However, the East Block could not have been the source of clasts in the 21B zone 

because more distal type 2 and 3 bedded sulfides and sulfosalts are overprinted in this area. The 109 

zone, a stockwork vein system hosted entirely within rhyolite at the north end of the deposit, is also a site 

of hydrothermal activity (see chapters 2 and 3 for details). However, clasts in Area A generally increase in 

size southward from the 109 zone. 

Gradual thinning and fining of sulfide-sulfosalt-rich beds from Area A, dominated by type 1 and 2 

beds, towards Area D, dominated by type 3 beds, suggests fragments were transported towards the 

southwest (Fig. 4.6). The coarsest sulfide-sulfosalt fragments (2 to 5 cm, mixed with finer clasts) and 

thickest beds are found near the centre of the 21B zone, at the southern end of Area A. This is also 

coincident with the greatest total thickness of bedded sulfide-sulfosalt ore and the greatest number of 

thick beds in the sequence. Towards the north end of the depositional channel represented by Area A, 

type 1A beds become less common and the coarsest fragments are typically 1 to 2 centimetres across, 

although fragments up to 5 centimetres across are found sporadically in type 1B beds. 

Late stage hydrothermal activity overprinted and replaced the clastic bedded sulfides and 

sulfosalts with increasingly antimony-rich minerals (lead sulfosalts to stibnite) as described in Chapter 3. 

The final stage of hydrothermal activity in the 21B zone was characterized by cinnabar ± barite ± calcite 

veins and is confined to a small area coincident with the south end of Area A (compare Figs. 3.17 and 
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4.6). Thus, a conduit for hydrothermal fluids was present in this area although a discrete alteration pipe 

has not been delineated. 

The above observations suggest the source of the 21B fragments was probably near the south 

end of Area A. Ore-forming hydrothermal fluids may have been focussed and brought to the seafloor at 

the intersection between the Pumphouse Fault Zone and an undefined oblique structure, which also 

provided fluids during the latest stages of hydrothermal overprint. Sphalerite-tetrahedrite-galena-pyrite-

rich chimney structures, and/or mounds, structurally similar to those observed at many hydrothermal 

vents on the modern seafloor (e.g., Axial Seamount, Paradis et al., 1988; Lau Basin, Herzig et al., 1993), 

likely formed on the seafloor, while a small barite-rich mound formed within the basin a short distance 

away. Deposition of muddy sediments continued throughout mound formation and clastic redistribution. 

Formation processes for the 21B zone 

The sulfide-sulfosalt clasts in the 21B zone originated from fragmentation of chimneys and/or 

mounds at the hydrothermal vent site. Fine banding and intergrowth textures preserved in some of the 

sulfide-sulfosalt clasts are similar to textures observed within sulfide chimneys and spires forming at 

hydrothermal vents on the modern seafloor (R. Herrington, M. Hannington, and I. Jonasson, personal 

communication), although no complete chimney fragments with conduits have yet been discovered in the 

21B zone. Fragmentation and transport proccesses must account for the fine-grained nature of the clastic 

sulfides and sulfosalts (silt to cobble size), the presence of rhyolitic fragments, entrainment of angular 

mudstone rip up clasts in some beds, the presence of unmineralized argillite between sulfide-sulfosalt-

rich beds, and the variability in textures between beds. 

Fragmentation 

The fine-grained nature of the clastic material at Eskay Creek suggests the mechanism of 

fragmentation of the source material was very efficient. Possible mechanisms include: i) oversteepening 

and destabilization of the chimneys and mounds, ii) periodic breakdown triggered by seismic events, iii) 

collapse of chimneys due to partial dissolution, iv) eruption due to overpressuring, or v) a combination of 

these processes. 

The origin of transported and bedded sulfides in most VMS deposits where clastic textures have 

been recognized has commonly been attributed to oversteepening and slumping of debris from steep-
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sided mounds, or from mounds situated on topographic highs or near steep synvolcanic fault scarps. 

Chimney collapse results in sulfide fragments covering the seafloor. The environment would be 

analogous to that observed in the Jade Hydrothermal Field in the Okinawa Trough where the seafloor is 

covered in massive sulfide and/or barite fragments of decimetre size (Halbach et al., 1993). If not 

transported from the source, these breccias would be cemented by continued infiltration of rising 

hydrothermal fluids to form a massive mound, as described by Lydon (1988). Destabilization and 

slumping of such a talus pile alone could not account for the graded textures or the lithic fragments that 

are observed in the beds of the 21B zone. 

Collapse of sulfide-sulfosalt chimneys by seismic events would also result in broken fragments at 

the vent site and may trigger debris flows and associated turbidity currents carrying these fragments 

downslope from the vent source. Intervals of unmineralized argillite deposition could be explained if 

periodic seismic events triggered destabilization of the source area. Faulting related to the seismic activity 

could also expose underlying rhyolite to transport with the sulfides and sulfosalts. However, it seems 

unlikely that chimneys collapsed simply by seismic destabilization would produce the abundance of fine

grained sulfide-sulfosalt clasts that comprise the bulk of the 21B zone. 

Dissolution of minerals within the chimneys or sulfide-rich mounds by leaching, or during cooling, 

destabilize the structures and result in collapse. Retrograde dissolution of anhydrite due to cooling during 

periods of inactivity, or by extinction of certain vents in the complex, has been suggested as an important 

mechanism in the collapse the mound and chimney structures in the TAG hydrothermal field at the Mid-

Atlantic Ridge (Humphris et al., 1995; Hannington et al., 1998). This process results in conglomeratic and 

breccia textures in the mound and accumulation of pyritic sand on the surface of the mound. Several 

researchers have reported the importance of early-formation of anhydrite on the seafloor to provide a 

substrate for sulfide precipitation and chimney growth at hydrothermal vents (e.g., Goldfarb et al., 1983; 

Koski et al., 1984; Hannington et al., 1998). Anhydrite appears to be less important in zinc-rich chimneys 

of the southern Juan de Fuca Ridge where growth is founded mainly on dendritic sphalerite and silica, 

although anhydrite is common near the exterior of the chimneys (Paradis et al., 1988). Unconsolidated 

material produced by anhydrite dissolution would be available for transport by a variety of processes. The 

main difficulty with this model is the likelihood of sulfide oxidation on the seafloor, as observed at many 

modern hydrothermal vent sites (e.g., TAG - Hannington et al., 1998), and the absence of oxidized 
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material in the 21B zone. However, if the material was transported and redeposited in an anoxic basin, or 

rapidly buried by muddy sediments, oxidation would not have occurred. 

Anhydrite dissolution provides an effective mechanism of producing the abundant silt and sand-

sized clasts and individual sphalerite grains observed in the 21B zone. No evidence of anhydrite has 

been recognized in the Eskay Creek deposit, but it may not have been preserved due to its strong 

retrograde solubility. Despite its abundance on the modern seafloor, it is rarely preserved in ancient 

massive sulfide deposits (Franklin, 1995). 

Brief periods of explosive activity at the hydrothermal vent provide an efficient mechanism for 

fragmentation and possibly for redistributing fragments away from the immediate vent site. Localized 

hydrothermal eruptions may have occurred within sealed chimney structures or at shallow depths below 

the seafloor due to overpressuring and subsequent fracturing and eruption as confining pressures were 

exceeded. As described by Hedenquist and Henley (1985) and Browne and Lawless (2001) for subaerial 

geothermal systems, this process may be localized where near-surface discharge channels are sealed 

and provide a cap for accumulation of exolved compressible gases such as C0 2 , which accumulate 

during boiling of the hydrothermal fluid. Although additional confining pressure is provided by the depth of 

seawater above hydrothermal vents on the seafloor, the process is analogous as long as the water depth 

did not exceed the boiling point versus depth curve. Sherlock et al. (1999) presented fluid inclusion data 

from Eskay Creek that is consistent with phase separation. They suggested extreme calculated fluid 

pressures (>20 kbar) may be indicative of transient high fluid-gas pressure associated with self-sealing of 

the discharge vents, development of gas caps and resultant hydrothermal eruptions. 

Direct textural evidence for deposits originating from hydrothermal eruptions is equivocal. 

Products of hydrothermal eruptions in the subaerial environment are typically poorly sorted and matrix 

supported (Hedenquist and Henley, 1985) and superficially resemble debris flows, although larger blocks 

may impact into the underlying material during deposition from explosive processes (Browne and 

Lawless, 2001). Isolated sphalerite-quartz clasts observed in the 21B zone that are texturally similar to 

sulfide-quartz veinlets in the footwall rhyolite (e.g., Fig. 3.11d) could have been deposited as isolated 

projectiles, or from suspension, following hydrothermal eruption. However, erupted material on the 

seafloor may also have been subsequently reworked, futher obscuring any primary textural features. 
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Hydrothermal eruptions have been proposed to explain the presence of angular yellow ore 

fragments within black ore in Kuroko deposits of Japan (Eldridge et al., 1983) and the presence of altered 

footwall fragments in the transported ores at Buchans, Newfoundland (Henley and Thornley, 1979; 1981). 

Similarly, explosive activity at the 21B vent source would have brought altered rhyolite fragments from the 

underlying footwall to the seafloor. 

At Eskay Creek, hydrothermal eruptions would have been relatively small-scale events. The 

absence of sulfides and sulfosalts outside the immediate area of the deposit indicates fragments were not 

ejected or carried in suspension outside the depositional basin. The relatively low abundance of rhyolite 

fragments in the clastic sulfide-sulfosalt beds (< 25%) suggest that eruptions did not propagate deeply 

into the rhyolite substrate to form significant craters at the vent site, such as those described in subaerial 

geothermal fields. 

Clastic sulfide-sulfosalt textures observed in the Eskay Creek 21B zone probably originated from 

a combination of the above processes. Destabilization and fragmentation of sulfides and sulfosalts 

precipitated on or near the seafloor may have occurred both by chemical dissolution of minerals such as 

anhydrite, and by mechanical processes such as oversteepening, seismic disruption and hydrothermal 

eruptions. The fragments were periodically transported to form beds in the 21B basin and therefore were 

not replaced and incorporated into a mound structure by continued hydrothermal activity at the source. 

The accumulation of argillite between successive beds indicates that transport was periodic, suggesting 

seismic events and small-scale explosive activity may have been important to trigger clastic deposition in 

the basin. 

Transport and Deposition 

The variation in sorting, grading, and abundance and type of lithic clasts in the clastic sulfide-

sulfosalt-rich beds of the 21B zone suggest transport resulted from a variety of subaqueous sediment 

gravity flows. The mechanics of flow and deposition from this type of sediment transport are described by 

Middleton and Hampton (1973). Resulting depositional textures are dependent on the nature of the 
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Table 4.2: Classification of sediment gravity flows after Middleton and Hampton (1973). 

Sediment Gravity Grain support Transport Textures Bedtype in 
Flow Classification during transport mechanisms 21B zone 
Debr i s F l o w s mixture of interstitial 

f luid a n d f ine 
s ed imen t 

s lugg i sh d o w n s l o p e 
m o v e m e n t of mixtures 
of g ranu lar so l i d s 

m a s s e m p l a c e m e n t , poo r 
sort ing, r a ndom fabr ic, 
poor ly g r a d e d or ung raded , 
m a y con ta in c o a r s e r lateral 
( levees ) a n d med i a l (centre 
of channe l ) depo s i t s 

1A, 1B 

G r a i n F l o w s gra in to gra in 
co l l i s ion a n d 
interact ion 

o c c u r w h e r e s l ope s 
e x c e e d ang le of 
repo se 

thick, sha rp l y b o u n d e d 
depos i t s , genera l l y m a s s i v e 
a n d ung r aded , m a y con ta in 
ou t s i z ed c l a s t s at any leve l 
within the bed , i nve r se 
g rad ing , s o m e f l ame 
s t ructures at ba se , 
( these b e d s a re difficult to 
recogn i ze ) 

1B, 1C 

F l u i d i zed S e d i m e n t 
F l o w s 

upwa rd f low of 
e s c a p i n g f luid a s 
gra ins sett le out by 
gravity 

l iquifact ion of loose ly 
p a c k e d gra ins; c a n 
f low d o w n gent le 
s l o p e s 

f l ame a n d l oad s t ructures, 
po s s i b l y g r oo ve s a n d 
str iat ions at ba se ; s o m e 
coar se - ta i l g rad ing 
(typical ly poor ly g raded) 

1C? 

Turb id i ty Cu r r en t s upwa rd c o m p o n e n t 
of tu rbu lence in the 
fluid 

su rge or s teady, 
un i form flow; e ro s i on 
at head , relat ively 
rapid depos i t i on f rom 
body a n d tai l; m a y be 
gene ra ted by f lu id i zed 
s ed imen t f lows or 
debr i s f lows 

g rad ing , s o l e marks , l oad 
s t ructures , l iqufact ion 
s t ructures (e.g. f l ames ) , 
p l ane l am ina t i on 1 , c r o s s 
l am ina t i on 1 

2A, 2B, 3 

1 not observed in the 21B zone 

dominant sediment support mechanism within the flow. Four classifications of grain flows, and their 

probable equivalent bed types observed in the 21B zone, are summarized in Table 4.2. 

Rapid lateral variations in bedtypes suggest a complex depositional environment for the sulfide-

sulfosalt beds of the 21B zone. As described above, the coarsest, lithic-rich, type 1A beds occur mainly in 

the southern portion of Area A. These may represent the furthest transport of debris flows resulting from 

oversteepening and downslope transport of mixed sulfide-sulfosalt and rhyolite clasts from the source, 

incorporating abundant lithic fragments from earlier deposition of argillite; a feature typical of the distal 

margins of debris flows (e.g., transported ore at Buchans - Calhoun and Hutchinson, 1981; Thurlow and 

Swanson, 1981; Binney, 1987). 
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The depression or graben delineated by Area A sloped north-northwestward and captured 

sediment gravity flows, which were then transported downslope along the axis of the channel and 

deposited mainly type 1B, 1C, 2A and 2B beds. These likely represent deposition from grain flows, 

fluidized sediment flows and turbidity currents. Coarse clasts deposited near the north end of the deposit 

may represent lateral or medial deposits in debris flows and grain flows at the slower-moving margins and 

central plug of the flows (as described by Middleton and Hampton, 1973). 

Presence or absence of lithic fragments in a given bed is dependent on the composition of clasts 

at the source area or the availability of such fragments for entrainment during transport. Argillite 

fragments are not present in all beds, suggesting the sediment gravity flows were not all sufficiently 

energetic to entrain material from underlying strata, or mud-rich sediments had not accumulated between 

all successive flow events. Similarly, absence of argillite between beds may be due to rapid deposition of 

sulfide-sulfosalt-rich beds, or amalgamation of beds due to erosion and scouring of the underlying bed 

during deposition of the overlying unit. Chlorite and sericite-rich fragments are more common than argillite 

fragments, particularly in bedtypes 2 and 3, indicating exposure of the underlying rhyolite by faulting or 

transport to the surface by hydrothermal eruptions is common. 

The distribution of lithic and sulfide-rich clasts within an individual sulfide-rich bed is controlled by 

a number of factors including availability at the source or in the path of transport, hydraulic equivalence 

between the lower density lithic fragments and high density sulfides and sulfosalts, and repeated 

entrainment during transport. A complex combination of suspension, entrainment, shear and transport 

sorting determines the composition of the resultant deposit (James and Minter, 1999). Flume studies 

conducted by James and Minter (1999), to model sorting by transport of heavy minerals in placer 

deposits, indicate that controls on hydraulic equivalence in a flow are complex. The response of a 

particular grain is dependent on size, density, shape characteristics, hydraulic conditions of the flow, and 

bed roughness of the substrate. Shear velocity was found to be a better indicator of hydraulic equivalence 

between grains than settling velocity. The behaviour and concentration of heavy grains in a sedimentary 

deposit is also strongly influenced by the size and abundance of light grains in the source. These many 

variables, and the variable transport conditions associated with different sediment gravity flows (Table 

4.2), are reflected in the variations in size distribution of both the sulfide-sulfosalt clasts and the lithic 

clasts within the beds at a single location (e.g., Fig. 4.4c). 

209 



Paleoenvironment 

As described above, the 21B zone deposited into a basinal environment. Although the 

paleotopography is unknown, the paleosurface of the rhyolite was likely irregular and rugged, resulting in 

a number of sub-basins or smaller depressions within the main basin. These variations are reflected in 

the argillite isopach map (Fig. 3.3). A profile of rhyolite thickness, cut along-strike through the centre of 

the 21B zone (Fig. 4.11), shows an apparent thickening of the rhyolite unit coincident with thinner argillite 

on the eastern side of the 21B zone near 10550N. This area also coincides with an absence of argillite 

between the top of the rhyolite and the base of the ore, located near the south end of Area A (point 'H' in 

Fig. 4.2), and is adjacent to the Pumphouse Fault Zone. These features together suggest this area could 

have been a vent site on a paleotopographic high. Thinner rhyolite and thicker argillite accumulation 

below the orebody south of this feature (Figs. 4.11 and 4.2) suggests a small depression sloping towards 

the south-southwest from this feature. Coarser facies associated with Area A suggest the trough or 

graben near the north end of the subzone was steeper than the slope towards the south. A block diagram 

of the proposed environment is shown in Fig. 4.12. 

Distribution of the clastic sulfides and sulfosalts was restricted to the sub-basin. The absence of 

anomalous metal values and hydrothermal sulfur signatures in the contact argillite more than a few tens 
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to hundreds of metres beyond the margin of the deposit (Roth and Hannington, unpublished data - see 

Appendix E - and Chapter 5), indicates that sulfides and metals were not widely dispersed by fallout from 

a hydrothermal plume or eruption. Mineralization in the 21B zone was confined to the local basinal 

environment, possibly focussed by the synvolcanic Pumphouse Fault structure. 

Presence of the small barite mound in the basin indicates that seawater in the basin must have 

been sulfate-rich and oxidized during early stages of hydrothermal activity. This mound underlies sulfide-

sulfosalt beds indicating it formed during the earliest stages of mineralization. During onset of 

hydrothermal activity.early, low temperature fluids are not sufficiently hot to carry metals to the sea-floor, 

but may vent to form white smokers (Hannington et al., 1995). However, conditions within the basin may 

have become anoxic with the deposition of organic-rich muddy sediments. Anoxic conditions are also 

favourable for preservation of the clastic sulfides and sulfosalts during burial by sediments. 

The origin of isolated calcite-rich beds in the southern half of the deposit (e.g., Fig. 4.8) are 

uncertain. If they are primary, they may reflect relatively short-lived fluctuations in the chemistry of the 

hydrothermal fluids or deposition from a secondary vent site. Ohmoto (1996) proposed calcite in the black 

ores of kuroko deposits may have formed due to local increase in C 0 2 in the fluids through thermal 

decomposition of organic matter in the mudstones. However, if this process was important during 

sysedimentary hydrothermal activity at Eskay Creek, more widespread distribution of calcite should be 

expected. The calcite was probably formed in these beds during later hydrothermal overprint or 

diagenesis. Barite and calcite deposited near the southern margin of the deposit (e.g., CA89-071) may 

have formed near the upper levels of the basin, perhaps closer to a picnocline (redox boundary). The 

presence of calcareous argillite in the upper portions of the contact argillite indicates evolution to a more 

oxic environment prior to the onset of basaltic volcanism. 

Clastic Sulfides in Other VMS deposits 

Clastic textures have been observed in VMS deposits worldwide; commonly in those of the Zn-

Pb-Cu type (Franklin, 1995). Most, if not all, of the Kuroko deposits in Japan exhibit clastic textures that 

range from very large (individually mineable) transported blocks and talus breccia to fine-grained, graded 

and bedded sulfides (Ohmoto and Skinner, 1983). 
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Thin beds and laminations of fine-grained, commonly graded, reworked sulfides are restricted to 

the top and margins of massive sulfide bodies. Examples from the Hokuroku district of Japan include the 

Daikoku deposit in the Ainai mine (Ishikawa and Yanagiwawa, 1974), and the Matsumine (Ito et al., 1974; 

Takahashi and Suga, 1974), Fukazawa (Eldridge et al., 1983) and Furutobe deposits (Kuroda, 1983). 

Clastic bedded sulfides are also reported from deposits in Australia (e.g., Woodlawn - McKay and 

Hazeldene, 1987), the Urals (e.g., Yaman Kasy - Herrington et al., 1998), several deposits in the Rudny 

Altai province of Russia and Kazakhstan (Eremin and Dergachov, 1998), and in the Cuale district of 

Mexico (Hall and Gomez-Torrez, 2000). These deposits are typically overlain by black shale, however the 

shale is rarely interbedded with the graded and bedded sequences. Minor sulfide laminations alternating 

with shale are reported from the upper metre of the Daikoku deposit, although a syngenetic origin for the 

laminations was not confirmed (Ishikawa and Yanagiwawa; 1974). Interbedded shales are also reported 

in the uppermost bedded ores of the Yaman Kasy deposit (Herrington et al., 1988). However, unlike the 

21B zone, fine-grained clastic sulfides in these deposits comprise only a fraction of the ore. 

In orebodies consisting dominantly of transported sulfides, the deposits typically consist of coarse 

sulfide-rich breccia or debris. For example, transported deposits at Kosaka, Japan contain clasts ranging 

from several centimetres to greater than 50 metres in diameter (Hashiguchi, 1983). The sulfide-rich 

conglomerates and breccias that form the Maclean orebody at Buchans, Newfoundland, dominantly 

consist of coarse fragments (average 1-10 cm to more than 2 m) mixed with abundant lithic fragments 

(Thurlow and Swanson, 1981; Walker and Barbour, 1981; Binney, 1987). These deposits are typically 

transported some distance away from intensely altered footwall rocks associated with the hydrothermal 

feeder. Fragmentation and transport are generally attributed to gravity slumping or downslope mass flow 

(Lambert and Sato, 1974; Franklin, 1995), either along steep flanks of a fault-controlled basin (e.g., 

Kirkham and Thurlow, 1987) or in response to post-mineralization uplift by intrusion of underlying rhyolite 

domes (e.g., Hashiguchi, 1983). 

Although depositional settings are similar, Eskay Creek is texturally, mineralogically and 

chemically distinct from other VMS deposits described in the literature. The bulk of the ore is hosted in 

fine-grained, transported clastic sulfide-sulfosalts of the 21B zone, which are intercalated with 

carbonaceous black argillite. Clasts greater than 10 centimetres have not been observed and clasts 
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greater than 5 centimetres are rare. Intense alteration of the immediate footwall to the deposit indicates 

that the 21B zone is proximal to its source. 

Implications for precious metal enrichment 

Although the uppermost parts of Zn-Pb-rich massive sulfide bodies are often enriched in gold and 

silver, overall grades reported for precious-metal-rich VMS deposits are generally about an order of 

magnitude less than those in the Eskay Creek deposit (refer to Hannington et al. (1999) and Huston 

(2000) for comprehensive reviews of gold-rich deposits worldwide). Extreme precious metal grades in the 

21B zone may be related to enrichment during late-stage hydrothermal overprint, however the presence 

of electrum in sulfide-sulfosalt clasts indicates significant gold and silver were also being deposited during 

primary precipitation (chapter 3). 

Development of extensive clastic sulfides and sulfosalts may be important for the effective 

enrichment of precious metals in deposits like the 21B zone. Both the mechanisms responsible for 

fragmentation and the resultant deposits may provide optimal conditions for transport and precipitation of 

gold and silver. 

If clastic sulfides and sulfosalts reflect extensive hydrothermal eruption activity, then significant 

boiling in the hydrothermal system is implied. Fluid inclusion data indicate that the Eskay Creek deposit 

formed from low temperature (<200°C), relatively gas-rich fluids, and are consistent with liquid-vapour 

phase separation during mineralization (Sherlock et al., 1999). Boiling is a very effective mechanism for 

precious metal deposition from low temperature fluids in which gold and silver are transported as sulfide 

complexes (e.g., Spycher and Reed, 1989; Gammons and Barnes, 1989; Hannington et al., 1989). 

Therefore boiling could not have occurred at great depths below the 21B zone because the precious 

metals would then have precipitated within the stockwork rather than in association with the sulfides and 

sulfosalts forming at or near the seafloor. Phase separation has been described in several hydrothermal 

systems on the modern seafloor in a wide range of settings and water depths and is consistently 

associated with enrichment of Ag, As, Sb, Hg and Au relative to other mid-ocean ridge sulfide deposits 

(Hannington et al., 1999). 

Continued fragmentation and transport of the sulfides and sulfosalts away from the immediate 

vent site prevented the development of a sulfide mound that would have insulated or capped the system 
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and resulted in the onset of zone refining and increased temperatures near the base of the system as 

described by Large (1977, 1992) and Lydon (1988). Therefore consistent low temperature fluid flow, 

which is optimal for precious metal transport, was maintained throughout the development and reworking 

of the 21B zone and was not restricted to the upper parts of a developing mound. 

The clastic sulfide-sulfosalt beds provide a permeable conduit for lateral flow of low temperature 

hydrothermal fluids after deposition. This resulted in upgrading of precious metal grades in the 21B zone 

as sulfides, sulfosalts (mainly tetrahedrite and lead-sulfosalts) and electrum precipitated in the matrix 

between the primary clasts. Anoxic conditions in the depositional basin would have been favourable for 

high H2S contents and gold transport. During the waning stages of 21B zone mineralization, cooling 

hydrothermal fluids became increasingly enriched in the epithermal element suite, particularly Sb and Hg, 

and deposited late-stage stibnite and cinnabar. Details of this late-stage overprint are presented in 

chapter 3. 

Conclus ions 

The Eskay Creek deposit may represent an end-member in the spectrum of VMS ore models. 

The depositional environment and precipitation of sulfides at a hydrothermal vent on the seafloor are 

consistent with models of ore formation around the Kuroko deposits in Japan and other Zn-Pb-rich 

massive sulfide deposits. However, the sulfosalt-rich mineral assemblage, precious metal enrichment, 

and abundance of bedded clastic material are unique to the 21B zone. The sulfosalt-rich mineralogy, and 

evidence from fluid inclusions (Sherlock et al., 1999), indicate that the deposit formed from a relatively low 

temperature (<200°C) hydrothermal fluid that is consistent with at least some phase separation. Such a 

fluid is optimal for transport of precious metals. The dominance of bedded clastic textures indicate 

effective fragmentation and transport processes were active and prevented the development of a sulfide 

mound at the vent site. This periodic removal of the material formed at the 21B vent allowed continued 

flow of low temperature, precious metal-rich fluids to the seafloor where fluid boiling and mixing with cold 

seawater provided an efficient precipitation mechanism. 

Characteristics of the depositional environment that are essential to the formation of a 21 B-type 

deposit may therefore include: 

• development of a basinal environment, 
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• focused venting of hydrothermal fluids, perhaps along synvolcanic fault structures, to 

precipitate sulfides at a spatially restricted vent site, 

• development of reduced conditions within the basin to preserve transported sulfides 

and/or rapid burial by organic-rich sediments or successive sulfide beds, 

• effective fragmentation at the vent site, 

• periodic trigger mechanisms to initiate transport of the fragmented sulfides and sulfosalts 

away from the source, following periods of quiescent sedimentation, 

• formation at water depths permissive for boiling of the hydrothermal fluids. 

Although boiling of the hydrothermal fluids was likely not a continuous process, it may have been an 

important mechanism for fragmentation of sulfide-sulfosalt edifices on the seafloor by small-scale 

hydrothermal eruptions, as well as for precipitation of precious metals and for triggering sedimentary 

transport. Estimated water depths, constrained by the boiling curve, may vary substantially depending on 

the temperature, composition and gas-content of the hydrothermal fluid. 

The unusual mineralogy, abundance of clastic textures, and spectacular precious metal 

enrichment of the Eskay Creek 21B zone have not been described elsewhere. The processes that formed 

the deposit are not individually unique, however the coincidence of optimal chemical conditions in the 

basin and hydrothermal fluids, water depth, and favourable basin geometry make this a rare endmember 

of the VMS ore model. 
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C H A P T E R 5 

V A R I A T I O N S IN S U L F U R A N D C A R B O N I S O T O P E S IN T H E E S K A Y C R E E K 

D E P O S I T A N D R E L A T E D A R G I L L I T E H O S T R O C K S 

Tina Roth and Bruce E. Taylor 

Abstract 

Eskay Creek is a volcanogenic massive sulfide (VMS) deposit characterized by anomalously high 

concentrations of precious metals, association with an epithermal element suite, relatively low 

temperatures of ore formation, and dominantly clastic sulfide-sulfosalt-rich stratiform ore. The deposit is 

subdivided into a number of subzones, characterized by differences in mineralogy, textures, grades and 

metallurgical characteristics. Stratiform orebodies are hosted in argillite underlain by rhyolite and overlain 

by a sequence of intercalated basalt and argillite. Sulfur isotope signatures were determined for pyrite, 

sphalerite and galena within the orebodies, as well as for pyrite separated from argillite host rocks in the 

mine sequence. Carbon isotope compositions were also measured for organic carbon in the 

carbonaceous host argillite and amorphous carbon in the 109 zone. 

Sulfur isotope values measured in situ in Eskay Creek ore sulfides span a narrow range from -4.8 

to +1.6 per mil. Sulfur isotope geothermometry estimates provide temperatures ranging from 197°C to 

767°C, indicating isotopic equilibrium was not achieved in all instances. Pyrite and sphalerite in the 21B, 

East Block and NEX zone stratiform orebodies have 83 4S values between -2.3 and -0.4 per mil. The 834S 

values of pyrite in the stratigraphically higher HW zone are slightly heavier and range from +0.3 to +0.8 

per mil. In the underlying 109 zone stockwork, 53 4S values in pyrite and sphalerite bracket the range in 

both zones (-2.7 to +1.6%o). Sulfur in the ore was likely leached from underlying volcanic and sedimentary 

rocks by circulating hydrothermal fluids. Some sulfur may have been incorporated directly from a 

magmatic source. Increases in 534S of H2S in the hydrothermal system during late-stage formation of the 

HW zone may be due to incorporation of reduced seawater sulfate from sediments accumulated after 

formation of the 21B and NEX zones. 
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The sulfur isotopic composition of pyrite separated from argillite throughout the host sequence 

spans a range of over 7 0 per mil ( - 4 8 . 5 to +27.9%o). In general, 834S in pyrite becomes progressively 

lighter with increasing distance from the orebodies. Samples collected less than 1 0 metres from ore have 

834S values similar to those in the ore and average - 2 . 0 per mil, whereas samples greater than 3 5 0 

metres from the orebodies average - 2 4 . 4 per mil. These distal values are consistent with bacterial 

reduction of seawater sulfate in an open marine basin. Intermediate isotopic compositions in pyrite, 

between about - 1 5 and - 5 per mil, may indicate mixing of sulfur from both biogenic and hydrothermal 

sources. Textural variations were observed in the pyrite separates, however a test to determine whether 

534S is related to pyrite morphology was inconclusive. Carbon isotope values for organic carbon in the 

argillite and the 1 0 9 zone span a very narrow range from - 2 9 . 7 to - 2 7 . 8 per mil, with one heavier sample 

of - 2 5 . 5 per mil measured in the stratigraphically highest argillite unit in the sequence. This range of 813C 

values is characteristic of plant matter and marine organisms and is consistent with the marine 

depositional environment. The 813C values appear to decrease by about 0 . 6 per mil within the 1 0 metres 

adjacent to the orebodies, which may reflect hydrothermal alteration of the sediments. Sulfur isotope 

mapping has indicated evidence of hydrothermal activity within tens to hundreds of metres of the 

orebodies. Although the area of influence is relatively small, such isotopic variations may serve as a 

useful exploration tool to trace hydrothermal activity. 

Introduction 

This paper presents sulfur and carbon isotope ratios from ore sulfides, pyrite and argillite in and 

around the Eskay Creek volcanogenic massive sulfide (VMS) deposit, located in the metallogenically-rich 

Iskut River area of northwestern British Columbia, Canada. Sulfur isotope characteristics of VMS deposits 

are well documented (cf. Franklin et al., 1 9 8 1 ; Taylor, 1 9 8 7 ; Huston, 1 9 9 9 ) and it has been proposed that 

regional variations in 834S in host rocks around such deposits may provide a useful exploration tool, 

though few studies have documented these variations (e.g. Eldridge and Ohmoto, 1 9 8 2 ; Ohmoto et al., 

1 9 8 3 ; Taylor and South, 1 9 8 5 ; Furuno et al., 1 9 9 2 ; Zierenberg et al. 1 9 9 4 ) . Additionally, use of 813C of 

organic carbon in carbonaceous host rocks as an indicator of proximity to mineralization has been 

investigated by Strauss ( 1 9 8 9 ) and Wellmer et al. ( 1 9 9 3 ) . The Eskay Creek deposit is well suited to test 
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534S and 813C gradients as potential exploration tools, as the deposit and surrounding host rocks have not 

been affected by extensive deformation and metamorphism. 

Regional 534S values were analyzed in pyrite separated from argillite host rocks to distances of 5 

kilometres from the deposit. Textural variations in the pyrite were examined and compared to the 

proximity of the orebodies. Preliminary investigation of textural controls on 534S composition in pyrite is 

discussed. Carbon isotope values were determined for organic carbon in the host argillites. The 813C 

signature is indicative of the source of carbon in the rocks and may provide some indication of proximity 

to hydrothermal activity. 

The sulfur signature of the Eskay Creek orebodies has been reported previously by Sherlock et 

al. (1999) using conventional techniques. In this study, earlier data are augmented by in situ analysis of 

pyrite, sphalerite and galena in the ore, which provide an opportunity to assess variations in 834S at the 

grain-scale as well as broader differences between orebodies in the deposit. The source, evolution, 

temperature estimates, and degree of isotopic equilibrium of sulfur in the hydrothermal system are 

discussed. Hydrothermal sulfur signatures at Eskay Creek are characterized by a narrow range in 834S 

values within the ore sulfides and are clearly distinguished from bacteriogenic sulfur signatures that are 

typical of pyrite formed distal to the orebodies. This distinction allows the extent of hydrothermal signature 

in the depositional environment around the Eskay Creek orebodies to be determined. Thus, isotopic 

patterns in the host rocks surrounding the orebodies provide constraints on the depositional environment, 

sources of sulfur and carbon, regional influence of hydrothermal activity, and trends that might provide 

directional indicators for mineral exploration. 

Geologic Setting 

The Eskay Creek deposit occurs within the allochthonous Stikine Terrane, which has been 

subdivided into four unconformity-bounded tectonostratigraphic assemblages in this area by Anderson 

(1989): i) Paleozoic metavolcanic and metasedimentary rocks of the Stikine assemblage; ii) Triassic-

Jurassic volcano-plutonic complexes of Stikinia, including the Stuhini and Hazelton Groups; iii) Middle 

and Upper Jurassic sedimentary rocks of the Bowser Lake Group overlap assemblage on the Stikine and 
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adjacent Cache Creek terranes; and iv) Tertiary igneous and metamorphic rocks of the Coast Plutonic 

Complex. 

Precious metal-rich polymetallic massive sulfides at Eskay Creek are hosted in a bimodal 

volcanic succession with lesser intercalated tuffaceous, calcareous and argillaceous sedimentary rocks. 

In this paper, these rocks are referred to as the 'mine sequence' and are correlative with the upper units 

of the Hazelton Group (Macdonald et al., 1996). Fossil and microfossil evidence constrains the age of the 

sequence to Late Aalenian to Early Bajocian (Nadaraju, 1993). Rhyolite in the immediate footwall of the 

ore yielded a U-Pb age of 175 ± 2 Ma (Childe, 1996). The strata were folded into anticlines and synclines 

during the Cretaceous (Rubin et al., 1990; Evenchick, 1991) and metamorphosed to lower greenschist 

facies (Britton et al., 1990). The geologic framework and metallogeny of the area are described by 

Macdonald et al. (1996). Detailed geology of the deposit is summarized in Roth et al. (1999) and 

reviewed briefly in the following synopsis. 

Mine Sequence 

The lowermost unit in the mine sequence, referred to as the 'footwall volcanic sequence' (Fig. 5.1), 

comprises a succession of andesite, marine sedimentary rocks, and intermediate to felsic volcaniclastic 

rocks. A thin argillite horizon, referred to as the 'footwall argillite', occurs at the top of this unit and is 

overlain by package of massive to flow banded and brecciated aphanitic rhyolite and volcaniclastic rocks. 

The rhyolite sequence is up to 200m thick and forms the immediate footwall to stratiform mineralization at 

Eskay Creek. Facies variations within the rhyolite suggest it formed as part of a series of flow dome 

complexes (Bartsch, 1993; Lewis, 1995). Stockwork and disseminated sulfide minerals are localized 

within the unit and occur in economic concentrations in the 109, 21C and Pumphouse zones, described 

further below. The stratiform orebodies lie at the upper contact of the rhyolite and are hosted in marine 

argillite referred to as the 'contact argillite'. The argillite ranges from less than one metre to more than 60 

metres in thickness (Britton et al., 1990; Rye, 1992) and is well laminated, carbonaceous and variably 

calcareous and siliceous. Thin interbeds of siltstone, sandstone, and possible volcanic ash occur 

throughout the unit. Pyrite laminae, nodules, and disseminations are common and increase in abundance 

with proximity to the orebodies. 
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Figure 5.1: Schematic cross-section of the Eskay Creek mine sequence looking west across line 9950E, 
shown in Figure 5.2. 
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Basaltic sills and flows, intercalated with turbiditic argillites, comprise the hanging wall to the 

stratiform orebodies and form a sequence in excess of 150 meters thick (Britton et al., 1990) that 

generally thin southward, away from the deposit (Bartsch, 1993). The intercalated sedimentary rocks are 

referred to as 'hanging wall argillites' and commonly contain pyrite laminae and nodules. The basaltic 

sequence is overlain by an argillite unit, referred to as the 'upper argillite', which contains abundant pyrite 

laminae. The upper argillite unit grades upwards into sediments assigned to the Bowser Lake Group. 

Regionally, the lowermost unit of the Bowser Lake Group consists of black marine siltstone containing 

lenses and relatively continuous beds of conglomerate and rare chert sandstone (Evenchick, 1988). In 

the vicinity of the mine, the transition between the upper argillite unit and the basal Bowser Lake Group 

argillite is assigned on the basis of an upward decrease in pyrite content and a corresponding increase in 

the abundance of siltstone and sandstone interbeds. 

The mine strata are folded into a north-northeast trending upright open fold, plunging gently to the 

north. Stratiform ore lenses occur on the western limb of the fold, near the fold closure, and generally dip 

30 to 45 degrees to the west. Northwest trending faults, as well as north to northeast trending axial planar 

faults, cut the sequence. 

Orebodies 

The Eskay Creek mine is one of the most gold- and silver-rich polymetallic massive sulfide 

orebodies in the world. The deposit, originally referred to as 'the #21 Zone', is subdivided into a number of 

subzones distinguished by mineralogy, texture, grade and metallurgical characteristics (Table 5.1, Fig. 

5.2). Production commenced in early 1995 based on a reserve of 1.08 million tonnes grading 65.5 grams 

per tonne (g/t) Au and 2,930 g/t Ag (Homestake Canada Inc. press release, June 1993) hosted mainly in 

the 21B zone. Subsequent discovery of new orebodies, improved understanding of the deposit, and 

construction of an on-site mill have brought total combined production and reserves to an estimated 2.1 

million tonnes grading 53.4 g/t Au and 2,506 g/t Ag (Homestake Mining Company annual reports). 

The bulk of the stratiform ore is contained in the 21B and NEX zones, which are hosted in the 

base of the contact argillite. The 21B zone is a tabular body of bedded sulfides and sulfosalts dominated 

by sphalerite, tetrahedrite and lead-sulfosalts with lesser galena, pyrite, electrum, and minor arsenopyrite. 
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Table 5.1: Summary of subzones in the Eskay Creek 21 Zone. Mineral abbreviations are: AP = 
arsenopyrite, BA = barite, Cl = cinnabar, CP = chalcopyrite, EL = electrum, GL = galena, OR = 
orpiment, PR = pyrargyrite, PY = pyrite, QZ = quartz, RE = realgar, SL = sphalerite, SS = lead 
sulfosalts, ST = stibnite, TT = Ag-rich tetrahedrite. 

Zone Mineralogy Characteristics Stratigraphic Position 

21A RE, ST, Cl, 
AP±OR 

massive to semi-massive stratiform lens 
underlain by disseminated sulfides 
(subeconomic) 

base of contact 
mudstone and top of 
rhyolite sequence 

21B SL, TT, SS, 
GL, PY, EL 
±AP, ±ST 
±CI 

bedded clastic sulfides and sulfosalts forming a 
tabular stratiform orebody, with local ST veins 
and replacement 

base of contact 
mudstone 

East Block SL, TT, SS, 
GL, PY, EL, 
CP±PR 

fine-grained, massive to locally clastic lens; 
massive PY-flooding in rhyolite grades 
upwards into polymetallic ore 

at contact between 
rhyolite and mudstone, 
within fault-bounded 
block 

NEX SL, TT, SS, 
GL, PY, EL, 
CP±PR 

clastic to disseminated and massive ore lens 
cut by CP stringers 

base of contact 
mudstone 

21C PY, TT, SL, 
GL, ±SS, 
± BA 

extremely fine-grained, disseminated sulfides 
in intensely sericitized and chloritized rhyolite; 
weakly bedded, disseminated and stringer 
mineralization in mudstone; massive to bladed 
BA beds locally 

discordant in rhyolite and 
stacked horizons within 
contact mudstone 

21E SL, TT, GL, 
SS, PY 

disseminated to massive stratiform lens base of contact 
mudstone 

Hanging 
Wall (HW) 

PY, SL, GL, 
CP 

massive, fine-grained lens (usually above 
lowermost basalt sills) 

top of contact mudstone 

Pumphouse PY, SL, GL, 
T T ± S S 

veinlets and very fine disseminations in 
sericitized rhyolite overlain by poorly bedded to 
massive sulfides 

discordant in rhyolite 
and stratiform at base of 
contact mudstone 

109 QZ, SL, GL, 
PY, EL 

stockwork veins associated with silica flooding 
and fine-grained amorphous carbon alteration 

discordant in rhyolite 
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Figure 5.2: Plan map showing the distribution of subzones and major faults in the Eskay Creek deposit. 
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Clastic textures suggest the ore was shed northward into an elongate basin or trough. Stibnite and, rarely, 

cinnabar locally overprint the ore. The NEX zone lies north of the 21B lens, at the same stratigraphic 

horizon, and comprises mainly sphalerite, tetrahedrite, galena, chalcopyrite and minor pyrite. Clastic 

textures are observed locally in the NEX, but the bulk of the ore is fine-grained, massive, and contains 

significantly less antimony than the 21B zone ore. The East Block is a fault-bounded, structurally complex 

orebody which is mineralogically similar to the NEX. 

The Hanging Wall (HW) zone occurs stratigraphically above the NEX zone, usually above the first 

basaltic sill, and is dominated by pyrite, sphalerite, galena and chalcopyrite. Economically less significant 

stratiform sulfide lenses within the contact argillite also occur in the 21 A, 21E, 21C and Pumphouse 

zones. The subeconomic 21A zone is characterized by a lens of massive to semi-massive realgar, 

orpiment, stibnite and cinnabar. The argillite-hosted portion of the 21C zone comprises mainly veinlets 

and disseminations of sulfides. This is locally overlain by massive to bladed beds of barite. 

Stockwork vein and disseminated sulfides are present in the rhyolite, most notably in the 109, 

21C and Pumphouse zones. The 109 zone comprises a gold-rich stockwork of veinlets, which contain 

dominantly quartz, sphalerite, galena, pyrite and minor chalcopyrite, generally associated with intense 

silicification and unusual amorphous carbon alteration. The 21C and Pumphouse rhyolite zones are 

characterized by extremely fine-grained, disseminated sulfides and sulfosalts hosted in intensely 

sericitized to chloritized, and typically sheared, rhyolite. Sulfide veins, veinlets, and disseminations are 

common throughout the rhyolite near the deposit, and up to at least two kilometres south of the deposit. 

Detailed descriptions of the orebodies are found in Edmunds et al. (1994), Sherlock et al. (1994) 

and Roth et al. (1999). Discussion of the lithogeochemistry and alteration associated with the deposit is 

provided in Barrett and Sherlock (1996). 

Textural variations in pyrite 

Pyrite is ubiquitous in the rocks of the Eskay Creek mine sequence. In the argillite units, it occurs 

mainly in pyritic laminations and as fine disseminations. Pyrite nodules form locally, most commonly in the 

coarser siltstone, sandstone or tuffaceous beds within the argillite units. Thin veins and veinlets of pyrite 

are widespread throughout the area. The abundance of pyrite, estimated from spacing of pyrite 
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laminations and disseminated pyrite observed in drillcore, increases with proximity to the orebodies. 

Textural variations were examined in hand samples, polished thin sections, and in grain mounts of pyrite 

separates. 

Pyrite comprises less than 5 percent of the sulfides in the 21B zone. It is more abundant in the 

East Block and NEX zones, and is the dominant sulfide in most of the HW zone. Pyrite exhibits a wide 

variety of textures in the orebodies including: i) fine framboids and spheroids in argillite interbeds and 

matrix of clastically reworked sulfide beds; ii) intergrowths with other sulfides and sulfosalts in ore clasts; 

iii) colloform overgrowths on other sulfides and sulfosalts; iv) euhedral grains ranging from less than 1jum 

to about 300/L/m; and v) replacement of sulfide - sulfosalt clasts. Fine-grained pyrite is disseminated 

throughout the footwall rhyolite, typically as submicron grains and locally forming pyrite cubes up to 1 mm 

across, in association with sericite and Mg-chlorite alteration. Colloform and euhedral pyrite are common 

in veins and veinlets in rhyolite and in the 109 stockwork ore. Locally, pyrite completely replaces rhyolite 

in restricted zones immediately underlying the East Block and NEX zones to form massive pods. 

Petrographic details of ore textures are found in Chapter 3. 

Pyrite is the dominant sulfide in argillite adjacent to and stratigraphically above the orebodies. 

Textural variations of pyrite from these areas are shown in Figure 5.3. Polymetallic sulfide minerals 

decrease abruptly at the margins of all of the ore zones and diminish to minor amounts within about 10 

metres laterally from the ore, and usually within 1 metre above the ore. In samples collected within about 

100 metres lateral to or stratigraphically above the orebodies, pyrite typically comprises brassy, euhedral 

to subhedral grains up to 100/vm in size, hosted in laminations and disseminated in argillite and silly to 

tuffaceous beds (Fig. 5.3a). Minor sphalerite, arsenopyrite, and Fe-Sb-S minerals occur locally and are 

most common in samples proximal to the orebodies. Framboids and spheroids of pyrite are disseminated 

throughout the argillite, locally reaching about 5 to 10 percent (Fig. 5.3f). Clusters of pyrite framboids are 

commonly observed in mineral concentrates from samples collected proximal to the orebodies (Fig. 5.3a-

e). Textures suggest that, at least locally, framboids have been replaced by, or were incorporated into, 

coarser subhedral pyrite (Fig. 5.3e). 

With increasing distance from the orebodies, the abundance of coarser-grained brassy pyrite in 

the mineral separates decreases and fine-grained pyrite euhedra (~10^m), cemented by clay minerals 
232 



E l 50M 

'& T • * ' T i f i C ^ i ' i if 

• *s 
9 

F igure 5.3: P h o t o m i c r o g r a p h s a n d backsca t te r S E M image s s h o w i n g textural va r i a t ions in pyrite s epa r a t ed f rom 
argil l ite host r ock s a round the E s k a y C r e e k depos it . ( S E M i m a g e s u n l e s s o the rw i se indicated.) a) Pyr ite 
s e p a r a t e d f rom contac t argill ite near the 2 1 C z o n e is d o m i n a t e d by re lat ive ly coa r se - g r a i ned , brassy , 
s ubhed ra l g ra ins typ ica l of s a m p l e s p rox ima l to the o rebod ie s . M ino r f r ambo ida l pyrite is m a r k e d by the 
ar row ( C 9 8 8 9 5 : 1 4 5 . 5 m , 834Sbuik= +1.7% 0); b) Pyr i te d i s p l a y s m i x e d hab i t s rang ing f rom f ine-gra ined 
c lu s te r s to 100/; pyr ite c u b e s in this s a m p l e co l l ec ted to the north of the strat i form ore (AD9763 : 395.4, 
834Sbuik= -7.6%o). T h e irregular gra in m a r k e d by the a r row c o m p r i s e s a f i ne -g ra ined mixture of pyrite with 
a n F e - A g - S b - S m ine ra l . We l l - de ve l oped f rambo ids in this s a m p l e a re s h o w n in c); d) S e p a r a t e s of 
intermediate i so top ic compos i t i on a re c o m m o n l y mixtures of f i ne -g ra ined c l u s te r s a nd larger, brassy, 
s ubhed ra l pyrite g ra ins . Pyr i te f r ambo id s (marked by arrow) a re m o r e c o m m o n l y o b s e r v e d with proximity 
to the strat i form ore (C96783 : 79.6m, 8 3 4S b U ik= -13.9%o); e) S E image of a pyrite f r ambo id pos s ib l y be ing 
r ep l a ced by c o a r s e r g ra ined, s ubhed ra l pyrite (C97866 : 143.8; S^Stw ik" -20.7%o).; f) Pho tom ic rog raph of 
abundan t f r ambo i d s a n d sphe ro i d s of pyrite (bright s p e c k s ) in con tac t argi l l i te b e t w e e n the 2 1 B and 2 1 C 
z o n e s ( C 9 7 8 6 7 : 1 7 4 . 1 m ) . Euhed r a l pyrite c u b e s a re loca l ly we l l d e v e l o p e d , g) Pho t om i c r o g r aph of 
s p a r s e pyr ite f r ambo i d s in the upper argill ite hor i zon ( G N C 9 7 3 0 X : 770.9m) abou t 2 km south of the 
o rebod ie s ; h) Pho tom i c r og r aph of pyrite in a 2 m m thick l aminat ion ( G N C 9 7 3 0 X : 770.9m; 83 4Siam= -
29.9%o) c o l l e c t ed about 2 km south of the o rebod ie s ; i) V e r y f ine pyrite c u b e s c e m e n t e d by c l ay minera l s 
of the host argil l ite, typ ica l of pyrite s epa ra te s f rom s a m p l e s d ista l to the o r ebod i e s . S a m p l e C 9 8 9 1 9 : 
43 .0m (8 3 4S b Uik= -40.6%o), c o l l e c ted about 1km south of the depos i t . 
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of the host argillite, predominate (Fig. 5.3d). Samples collected more than 1 kilometre south of the #21 

Zone generally contain significantly less pyrite than those closer to the orebodies. The pyrite in the distal 

argillite is typically very fine grained and proved difficult to separate from the host rock. Petrographically, it 

appears that pyrite in distal argillite is sparsely disseminated (less than 1%), as very fine framboids and 

spheroids ranging from less than 1/vm to about 50/ym in diameter (Fig. 5.3g). Within laminations and 

nodules, pyrite is typically clustered as euhedral to subhedral grains about 10//m across or as intergrown 

anhedral masses (Fig. 5.3h). Interstices between the grains are filled with clay minerals. Large (greater 

than 100/ym), disseminated, euhedral grains are rare regionally suggesting the greenschist facies 

metamorphism has not resulted in significant recrystallization and attendant increase in grain size of 

pyrite. Examination of mineral separates from distal samples in a scanning electron microscope (SEM) 

indicates that most pyrite occurs as very fine-grained clusters of tiny euhedral to subhedral grains 

cemented by host argillite (Fig. 5.3i). Pyrite in these aggregates is typically less than 10/vm in size; similar 

to the textures observed in the pyrite laminations. Framboids were not observed in the distal samples 

suggesting that the mineral separates represent mainly pyrite from laminations and nodules, and not 

pyrite disseminated in the host argillite. 

Thin pyrite veins, disseminations and localized zones of pyrite replacement are observed in all of 

the stratigraphic horizons examined throughout the area. In the hanging wall basalt sequence, abundant 

pyrite and sparse pyrrhotite are associated with mafic volcanic rocks. Massive pyrite blebs are common 

along the margins of the basaltic flows and sills. Pyrrhotite is most commonly found disseminated within 

the basalt, but occurs in minor amounts in the intervening argillite horizons. 

Sample Selection and Analysis 

Sulfur isotopes 

Pyrite-bearing argillite samples were selected from drillcore and surface outcrop to represent all 

levels in the Eskay Creek mine sequence. The drillcore samples are composites representing 0.2 to 6 

metre intervals of half-core, averaging 1 metre in length, and usually containing several pyrite 

laminations. Pyrite nodules and fracture-fillings also occur locally. Because the contact argillite horizon 

plunges below the sediments of the Bowser Basin (Fig. 5.1), sampling north of the deposit was limited to 
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the available drillcore. Sample preparation was carried out in the laboratories of the Geological Survey of 

Canada (GSC) in Ottawa. Samples (-500 grams) were crushed, pulverized, sieved, and panned to 

separate the sulfide fraction from the argillite matrix. Eight regional argillite samples were prepared by 

drilling pyrite directly out of laminations using a tungsten carbide drill bit. 

Eight ore samples representing the 21B, NEX, HW, and 109 zones, as well as a sulfide vein 

hosted in the footwall rhyolite but not associated with an ore zone, were prepared for in situ analysis of 

sphalerite, galena and pyrite. The ore samples were cut into small slabs, approximately 2cm x 4cm x 

3mm thick, and polished on one side. Samples were selected to compare the variation in isotopic 

composition within different styles of mineralization in the Eskay Creek deposit. Mineral grains at least 

200//m in size are required for in situ analysis to ensure surrounding sulfides are not reacted. The number 

of points analyzed was limited by the very fine-grained nature of most of the Eskay Creek ore sulfides. 

Sulfur isotope determinations were carried out at the GSC in Ottawa using the Micro-lsotopic 

Laser Extraction System (MILES) described by Taylor and Beaudoin (1993). Samples were analyzed by a 

laser-SF6 technique in which F2 in a cooled sample stage is used to oxidize sulfur and produce SF6 for 

mass spectrometry. Sample slabs were held at temperatures between -80°C and -120°C using a cold 

stage. Reaction craters formed during in situ analysis are typically 100 to 200//m across and are 

described in detail by Beaudoin and Taylor (1994). Examples of typical reaction craters from the current 

study are shown in Figure 5.4. 

The pyrite separates were ground to a fine powder prior to reaction, with the exception of 

samples for which very few grains were available. Replicate analyses indicate no significant differences 

between ground and unground material. An average of 0.7 mg of material was weighed into Ni crucibles 

for analysis. 

Ninety-one pyrite separates and ninety in situ extractions were analyzed, with 19 duplicates and 

one triplicate. Multiple analyses of an internal sphalerite standard indicate analytical uncertainties, at one 

standard deviation, of 0.16 per mil for the pyrite separates and 0.20 per mil for the in situ extractions. The 

duplicate analyses generally showed good reproducibility (1o = 0.14%o), with the exception of three 

samples. One of these samples was found to contain grains of barite and was therefore likely 
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Figure 5.4: Refer to caption on following page 
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Figure 5.4: Photomicrographs of ore sulfides measured in situ, shown in reflected light unless otherwise 
specified. Abbreviations are: BR = bournonite; CP = chalcopyrite; GL = galena; PY = pyrite; 
QZ = quartz SL = sphalerite; TT = tetrahedrite. Sulfur isotope ratios for the minerals are 
shown in italics. Values shown in brackets are the range within the sample; n/a = not 
available due to gas loss after reaction. All scale bars represent 500 microns, a) Sphalerite, 
galena, Pb-sulfosalts and pyrite in the central 21B zone (U-056: 28.7m); b) Zoned pyrite grain 
with sphalerite and tetrahedrite in a argillite matrix (U-056: 28.7m); c) Sphalerite and galena 
in the southern 21B zone (1233: 27.0m); d) Sphalerite in the NEX zone with galena, 
chalcopyrite and tetrahedrite on the margins and filling fractures in the grain (1878: 40.4m); e) 
Semi-massive pyrite and sphalerite cut by a narrow galena veinlet in the HW zone (CA90-
390: 103.6m); f) Quartz-sulfide veinlet from the 109 zone photographed in oblique light under 
a binocular microscope (1174:16.5m); g) MILES reaction craters in fractured pyrite of the 
HW zone; h) Reaction craters in zoned pyrite in the 109 zone. 
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compromised due to the competition of S0 2 and SF 6 formation during the sample extraction, and 

probable mixing of varying proportions of sulfide and sulfate with differing isotopic ratios in the sample 

aliquots. Uncertainties in the analyses are mainly due to inhomogeneities in the sulfur isotope 

composition of the samples, and to the extraction process (Beaudoin and Taylor, 1994). The isotope data 

are reported using 834S notation in per mil (%0) relative to V-CDT. 

Backscatter imaging of the pyrite separates revealed that some samples contained trace to minor 

amounts of other sulfides such as arsenopyrite, galena, sphalerite and pyrrhotite (e.g. Fig. 5.3b). 

However, the variation in isotopic composition due to fractionation effects between these minerals and 

pyrite is significantly less than the observed regional variations, and their presence is inconsequential to 

the results of this study. Very fine-grained pyrite (<10/vm) was generally extracted as clusters of cubes 

cemented by host silicates (e.g. Figs. 5.3d and i). In order to determine the effect of the presence of 

silicates on the 834S analyses, pure quartz was mixed in various proportions with both pyrite (834S = 

-0.7%o) and sphalerite (834S = +1,3%o) standards. These mixed samples, containing up to 54 volume-

percent quartz, returned predicted values within analytical uncertainty indicating that the contained 

silicates had no influence on the 834S value. 

In order to test for differences in 834S between brassy euhedral to subhedral pyrite grains and the 

very fine-grained pyrite aggregates, five samples containing these textural variations were further 

concentrated by means of a Franz magnetic separator. Fine-grained pyrite aggregates cemented by clay 

minerals of the host argillite reported to the magnetic fraction. Euhedral to subhedral pyrite cubes, and 

aggregates with significantly less gangue material reported to the non-magnetic fraction. Each fraction 

was analyzed in the same manner as the bulk pyrite separates. 

Comparison of MILES with standard S02 extraction method 

Sulfur isotope ratios of handpicked Eskay Creek sulfide ore separates, analyzed by standard 

extraction to S0 2 , were reported by Sherlock et al. (1999). Six samples from this earlier study were 

reanalyzed using MILES extraction to SF6 to compare between the two methods. The results (Table 5.2) 

indicate that the two methods correlate well and are similar to comparisons made by Beaudoin and Taylor 

(1994) in pyrite, sphalerite and galena. 
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Table 5.2: Comparison of 8 SCDT values for the MILES flourination technique and conventional S0 2 

extraction in ore sulfides. 

Sample No. Mineral MILES Fluorination 
A B Mean (%<>) 

SOj 1 

%o 
Difference 
between 
methods 

Ore Zone 

450865: 68 m Sphalerite -3.08 -3.08 -2.80 0.28%o 21B 
U-052: 48.1 m Sphalerite -1.70 -1.70 -1.65 0.05%o 21B 

U-056: 28.7 m Sphalerite -2.11 -2.11 -1.50 0.61 % o 21B 

680830: 18 m Sphalerite -0.75 -0.75 -0.66 0.09%o 21B 
680830: 18 m Pyrite -0.94 -0.94 -1.58 0.64%o 21B 
CA90-390: 117.6 m Pyrite -0.57 -0.60 -0.59 -0.20 0.39%o HW 
1 Reported in Sherlock et al., 1999. 

Carbon 

Carbon isotopes were analyzed at the University of British Columbia using standard methods. 

The residual pulverized carbonaceous argillite from which pyrite was separated was used for the analysis 

of 23 samples. Three additional samples of pulverized amorphous carbon from the 109 zone were also 

measured. All samples were treated with 10 percent HCI solution to remove inorganic carbon present as 

carbonate prior to combustion to C0 2 . Total carbon content, ± 5 percent, was estimated in 5 samples 

using peak size in the elemental analyzer during combustion. The data are reported in 813C notation 

relative to the Peedee belemnite. Analytical uncertainty of 813C values by this method is 0.2 per mil. 

Results 

Ore sulfides 

The 834S values for in situ analyses of sphalerite, pyrite and galena are reported in Table 5.3 and 

Figure 5.5. The results indicate a very narrow range of isotopic compositions for the Eskay Creek ores: 

pyrite varies between -2.7 to +0.8 per mil (n = 34), sphalerite compositions range from -2.3 to +1.6 per mil 

(n = 35), and the 834S values of galena range from -4.8 to -1.5 per mil (n = 19). These in situ 834S 

measurements slightly expand the range of results from hand-picked ore sulfides reported by Sherlock et 

al. (1999), which returned 834S values from -2.2 to -0.2 per mil in pyrite, -2.8 to -0.4 per mil in sphalerite, 

and -3.1 to -2.4 per mil in galena from these same ore zones (Fig. 5.5). 
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Table 5.3: Sulfur isotope data for in-situ analyses of ore sulfides 

Sample ID Grain* 8 3 4 S D Comments 

HW Zone 
CA90-390 103.6m GL1 -1.8 -1.5 
CA90-390 103.6m PY1 0.5 0.7 
CA90-390 103.6m PY2 0.4 0.8 
CA90-390 103.6m PY3 0.5 
CA90-390 103.6m PY4 0.3 

veinlet 

1233: 27.0m 
1233: 27.0m 
1233: 27.0m 
1233: 27.0m 
U-056: 28.7m 
U-056: 28.7m 
U-056: 28.7m 
U-056: 28.7m 
U-056: 28.7m 
U-056: 28.7m 
U-056: 28.7m 
U-056: 28.7m 
U-056: 28.7m 
U-056: 28.7m 
U-056: 28.7m 
U-056: 28.7m 

8N-1A-1 

1878: 40.4m 
1878: 40.4m 
1878: 40.4m 
1878: 40.4m 

9S-1A-1 
9S-1A-1 
9S-1A-1 
9S-1A-1 
9S-1A-1 
9S-1A-1 
9S-1A-1 
9S-1A-1 
9S-1A-1 
9S-1A-1 
1174 
1174 
1174 
1174 
1174 
1174 
1174 

16.5m 
16.5m 
16.5m 
16.5m 
16.5m 
16.5m 
16.5m 

GL1 
SL1 
SL2 
SL3 
GL1 
SL1 
SL2 
SL3 
SL43 

SL5 
SL6 
PY1 
PY2 
PY3 
PY4 
PY5 

SL1 

GL13 

SL1 
SL2 
SL3 

GL14 

SL1 
SL2 
SL3 
SL4 
PY1 
PY2 
PY3 
PY4 
PY5 
GL1 
GL2 
GL3 
GL4 
SL1 
SL2 
SL3 

21B Zone 
-3.6 
-1.6 -1.4 
-1.5 
-2.3 
-4.8 -4.1 
-1.9 
-0.9 
-1.4 
-1.8 
-1.0 -0.6 
-2.0 
-0.9 
-0.8 
-0.8 
-1.1 
-1.2 

East Block 
-0.6 -1.1 

NEX Zone 
-2.1 
-1.1 
-1.8 
-1.5 

-3.8 
-0.5 
0.8 
1.3 

-1.3 
-0.9 
0.3 

-1.9 
-0.6 
-0.9 
-3.3 
-4.1 
-4.3 
-2.7 
-0.1 
-2.3 
0.9 

-1.8 

109 Zone 
-2.9 

0.7 
-1.1 

-3.7 

-4.4 

-0.3 

-1.3 

-1.0 

-3.3 

-2.5 

0.2 

-3.2 

intergrown with SL 
cube 
cube 
cube 
intergrown with SL 

patchy GL 

continued. 



Table 5.3: continued 
Sample ID Grain* 83 4SA 83 4SB 83 4SC 83 4SD Comments 
1174 16.5m SL43 1.6 
1174 16.5m SL5 -0.5 
1174 16.5m PY1 -0.5 
1174 16.5m PY2 -0.1 
1174 16.5m PY31 -0.6 
1174 16.5m PY42 0.0 -1.2 
1174 16.5m PY5 -0.3 
1174 16.5m PY6 -0.9 
1174 16.5m PY73 -2.7 PY cluster 
1174 16.5m PY83 -1.1 
1174 16.5m PY9 -1.5 
1174 16.5m PY10 0.3 
1174 16.5m PY11 0.1 
1174 16.5m PY12 -1.4 

Sulfide vein in rhyolite 
CA90-159 192.3m GL1 -4.0 -4.7 
CA90-159 192.3m SL1 -1.0 -1.1 
CA90-159 192.3m SL2 -1.7 
CA90-159 192.3m PY1 -0.4 
CA90-159 192.3m PY2 -1.2 
CA90-159 192.3m PY3 -0.8 
CA90-159 192.3m PY4 -1.1 
CA90-159 192.3m PY5 -1.6 
* GL = galena; SL = sphalerite; PY = pyrite 

1 Two grains added together 
2 Zoned pyrite grain: A from core, B from rim 
3 Two shots in same grain added together 
4 Two shots added together in B 
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Figure 5.5: Sulfur isotope ratios of pyrite, sphalerite, and galena in the Eskay Creek orebodies. Solid 
symbols: measured in situ (this study); open symbols: reported in Sherlock et al. (1999). 
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Pyrite and sphalerite in the footwall rhyolite and stratiform ore in the lower contact argillite 

(including the 21B, East Block and NEX zones), span a narrow range between -2.3 and -0.4 per mil and 

average -1.3 per mil. In situ 834S analyses of pyrite in the stratigraphically higher HW zone are isotopically 

heavier and range from +0.3 to +0.8 per mil. Sphalerite was not measured in situ in the HW zone due to 

extensive chalcopyrite disease and the fine-grained nature of the ore, however a single analysis of 

sphalerite from the HW zone reported by Sherlock et al. (1999) has a 834S value of -0.5 per mil. The 

heaviest sphalerite in the 21B zone measured -0.6 per mil. This heavier 834S measurement in the HW 

zone is not attributed to the presence of chalcopyrite, which shows negative fractionation relative to 

sphalerite under equilibrium conditions (Ohmoto and Rye, 1979). All pyrite and sphalerite data available 

for the HW zone average +0.3 per mil. 

The 834S values measured in situ in stockwork veins of the 109 zone have a greater variability 

than was observed in the stratiform ore samples and spans nearly the range of all the other zones 

combined (Fig. 5.5). Pyrite ranges from -2.7 to +0.3 per mil. Sphalerite varies between -2.3 and +1.6 per 

mil, and galena reports values between -4.4 and -2.7 per mil. 

Where possible, multiple analyses were run on individual sulfide grains (Fig. 5.4). Results indicate 

that the range of sulfur isotope ratios within each grain is less than 0.7 per mil, except in the 109 zone 

where pyrite and sphalerite results span 1.2 per mil and galena ranges over 1.8 per mil, indicating 

minerals are apparently zoned. 

Pyrite separates 

The sulfur isotope ratios of pyrite separated from argillite in the Eskay Creek mine sequence 

(Table 5.4, Fig. 5.6) show a large range in 834S composition from -48.4 to +27.9 per mil. These values 

vary with stratigraphic position and distance from the orebodies (Fig. 5.7). 

Six samples of argillite occurring at the base of the footwall rhyolite contain pyrite with 834S values 

that vary between -22.6 and +17.3 per mil. Pyrite from the contact argillite horizon, which hosts stratiform 

ore, exhibits a range in 834S of -48.4 to +6.3 per mil (n = 41). One additional mineral separate from the 

contact argillite yielded a 834S value of +11.3 ± 1.0 per mil, based on two replicate analyses. It was 

subsequently determined that these two analyses were compromised by the presence of barite. Duplicate 
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Table 5.4: Sulphur isotope data for pyrite in mudstone. 

Sample No. Description 834S 834S 834S a34«3 
O ^average 

Bowser Lake Group argillite 
AD9773: 157 m PY separate -5.7 -5.6 -5.7 
C99951: 65 m PY separate -4.4 -4.4 
C99951: 78.1 m PY separate -13.1 -13.1 
MP9801X: 801.5 m PY separate -5.2 -5.0 -5.1 

Upper hanging wall argillite 
AD9772: 466.3 m PY separate -27.0 -27.0 
C98926: 92 m PY separate -34.2 -34.2 
C99951: 108.9 m PY separate -36.9 -36.8 -36.9 
C99957: 182.5 m PY separate -24.0 -24.0 
C99960: 250.5 m PY separate -33.4 -33.4 
GNC9730X: 770.9 drilled PY lam. -23.0 -23.0 
GNC9730X: 770.9 drilled PY veinlet -23.1 -23.1 
GNC9730X: 808.5 m PY separate -36.7 -36.7 
MP9802: 694.8 m PY separate -27.7 -27.7 
MP9808: 240 m PY separate -40.2 -40.2 

Hanging wall argillite 
AD9763: 317 m PY separate -35.6 -35.6 
AD9763: 327.3 m PY separate -31.8 -31.8 
AD9767: 430.9 m PY separate -14.0 -14.0 
AD9771: 540.1 m PY separate -31:2 -31.2 
AD9772: 545.6 m PY separate -23.9 -23.9 
AD9773: 560.3 m PY separate -34.5 -34.6 -34.5 
C001019: 507.95 m drilled PY lam. -17.9 -17.7 -17.8 
C96736: 108 m PY separate 5.9 5.9 
C96783: 79.6 m PY separate -13.9 -13.9 
C97855: 41.8 m PY separate -18.4 -18.4 
C97866: 143.8 m PY separate -19.9 -22.0 -20.4 -20.7 
C99951: 119.32m PY separate -39.1 -39.1 
C99951: 182.7 m PY separate -36.5 -36.5 
C99951: 188.9 m PY separate -30.1 -30.1 
C99953: 133 m PY separate -3.3 -3.3 
C99961:132.3 m PY separate -14.7 -14.7 
C99968: 45.29 m PY separate -29.1 -29.4 -29.3 
C99969: 30.2 m PY separate -32.3 -32.3 
C99971: 145.62 m PY separate -27.8 -27.8 
CA89-043: 90.3m PY separate -5.3 -5.3 
CA90-216: 89.9 m PY separate 0.6 0.6 
CA90-271: 96.0 m PY separate -17.3 -17.3 
CA90-290: 31.4 m PY separate -29.4 -29.4 
CA90-291:64.8 m PY separate 10.3 10.3 10.3 
CA90-291: 64.8 m-HS drilled PY lam. 5.6 5.6 
TR9902 PY separate -10.1 -10.1 
TR9903 PY separate -20.0 -20.0 
TR9904 PY separate -30.8 -30.8 

Contact argillite 
3600: 20 m PY separate -24.4 -24.4 
AD9761:410.6 m PY separate -29.7 -29.7 
AD9761:423.5 m PY separate -15.5 -15.5 -15.5 
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Table 5.4: continued 

Sample No. Description 83 4S 83 4S X 3 4 C X 3 4 Q 
0 o O Oaverage 

AD9763: 387.6 m PY separate -27.6 -27.6 
AD9763: 395.4 m PY separate -7.6 -7.6 
AD9769: 475.2 m PY separate -12.8 -12.8 
AD9772: 624.6 m PY separate -30.0 -30.0 
AD9773: 635.3 m PY separate -16.4 -16.4 
AD9773: 642.3 m PY separate -14.8 -14.8 
C001020: 880.75 m drilled PY lam. -7.2 -7.2 
C001021:249.3 m drilled PY lam. -9.0 -9.0 
C001026: 429.05 m drilled PY lam. -8.0 -8.0 
C96736: 162.5 m PY separate 5.5 5.2 5.4 
C96736: 167.5 m PY separate* 12.3 10.3 11.3 
C96736: 167.5 m-h.s. drilled PY lam. 23.5 32.3 27.9 
C96738: 111 m PY separate 6.3 6.3 
C96738: 123.5 m PY separate -10.6 -10.6 
C96789: 99.3 m PY separate -1.9 -2.0 -1.9 
C97831: 63.7 m PY separate -43.0 -43.0 
C97862: 137.6 m PY separate -12.3 -12.3 
C97866: 158.7 m PY separate -9.8 -9.8 
C97870: 100 m PY separate -6.4 -6.5 -6.4 
C98878: 105.3 m PY separate -29.6 -29.6 
C98895: 145.5 m PY separate 1.7 1.7 
C98901:53m PY separate -11.7 -11.7 
C98919: 43 m PY separate -40.6 -40.6 
C98926: 122.5 m PY separate -34.7 -34.7 
C99961: 169 m PY separate 0.2 0.2 
C99962: 316.34 m PY separate -8.9 -8.9 
C99974: 111.34 m PY separate -0.1 -0.1 
C99974: 118 m PY separate -6.1 -6.1 
C99976: 510 m PY separate -4.4 -4.4 
C99979: 650.9 m PY separate -3.0 -3.0 
C99979: 687.5 m PY separate 5.2 5.3 5.2 
C99980: 375.3 m PY separate -1.0 -1.1 -1.0 
C99986: 66.21m PY separate -6.9 -6.9 
CA90-437: 151.7 m PY separate -3.3 -3.1 -3.2 
GNC9730X: 871.5 m PY separate -48.6 -48.3 -48.4 
MP9806: 346.5 m PY separate -39.6 -39.6 
MP9808: 272.7 m PY separate -21.4 -21.4 
TR9906 PY separate 6.1 6.1 
U-047: 49.9m PY separate -1.8 -1.8 
U-084: 27.0m PY separate 0.1 0.1 

Footwall argillite 
3477: 134.5 m PY separate -19.3 -19.3 
AD9768: 664.4 m PY separate -22.6 -22.6 
C97867: 323 m PY separate -8.5 -9.0 -8.8 
C98915: 77 m PY separate -1.7 -1.7 
CA90-231: 189.3 m PY separate 17.3 17.3 17.3 
CA90-306: 190.8 m PY separate -9.5 -9.5 
* contains barite 
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Figure 5.6: Histograms of 8 3 4S values analyzed in pyrite separated from argillite in the Eskay Creek 
mine sequence, representing a) Bowser Lake Group, b) upper argillite, c) hanging wall 
argillite, d) contact argillite, and e) footwall argillite. 
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Figure 5.7: Box and whisker plot of sulfur isotope analyses of pyrite separates in the contact and hanging 
wall argillite horizons, grouped by radial distance from the orebodies. The sulfur isotopic 
signature of pyrite in the contact argillite is consistently heavier than in the stratigraphically 
higher hanging wall argillite units at all distances from the orebodies. The mean 8MS value for 
all samples in the hanging wall and contact argillites units is marked by the dashed line. 
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analyses of pyrite drilled from a single lamination in the same sample reported values of +23.5 and +32.3 

per mil, further suggesting marked small-scale variability. 

Pyrite in the hanging wall argillite, intercalated with basalt, is typically more depleted in S^S than 

pyrite in the contact argillite (Fig. 5.7), and has compositions between -39.1 and +10.3 per mil (n = 28). 

The 834S values for pyrite in the upper argillite are the lightest in the mine stratigraphy, ranging from -40.2 

to -23.0 per mil (n = 10). Four samples from argillite in the overlying Bowser Lake group vary between 

-13.1 and -4.4 per mil. 

Textural variations 

Five samples were split into two electromagnetic fractions to test variations in 834S due to pyrite 

morphology (e.g. very fine-grained pyrite aggregates and fine-gained euhedral to subhedral pyrite cubes). 

A summary of textural variations and sulfur isotopic compositions of the mineral separates is provided in 

Table 5.5. The subsamples were prepared mainly from mineral separates of intermediate bulk sulfur 

isotopic composition. The magnetic fractions are dominated by fine-grained aggregates of pyrite cubes, 

cemented by clay minerals of the argillite host rock. Where observed, rare clusters of framboidal pyrite 

reported to this fraction. The non-magnetic fractions are dominated by fine-grained pyrite aggregates with 

less gangue matrix, and subhedral to euhedral pyrite. 

Differences in 834S between the fractions range from 0.2 to 6.8 per mil. In four of the five samples, 

the magnetic fraction is lighter than the non-magnetic fraction, suggesting that fine-grained pyrite may 

generally be more depleted in 3 4 S than the euhedral to subhedral pyrite. However, in sample AD9767: 

430.9, the opposite trend was observed: the magnetic fraction is 5.1 per mil lighter than the non-magnetic 

fraction. Sample C96738:123.5 showed no significant textural or isotopic variation between the magnetic 

and non-magnetic fractions. In two of the samples (C96738: 123.5 and AD9772: 624.6), the 834S of the 

Franz-separated fractions differed from the original bulk isotope analysis, perhaps due to contamination 

during the magnetic separation process. 

Carbon isotopes 

Carbon isotope data from argillites in the mine sequence and the 109 zone are summarized in 

Table 5.6 and Figure 5.8. The 813C values of organic carbon in argillite from the footwall, contact, hanging 
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Table 5.5: Comparison of sulfur isotopic compositions of two populations of pyrite, 
isolated using a Franz magnetic separator. See text for discussion. 

Sample ID Bulk 8 S 8 S (%°) of Franz fractions Textural variation between 
(%<>) magnetic non-magnetic Franz fractions 

C96738: 123.5 -10.6 -9.9 -9.7 no textural difference between 
fractions 

C97862: 137.6 -12.3 -12.7 -12.0 both fractions comprise pyrite 
aggregates; non-magnetic fraction 
contains less gangue and about 5% 
arsenopyrite grains 

AD9769: 475.2 -12.8 -18.4 -11.6 magnetic fraction dominated by 
aggregates with rare framboids; non
magnetic fraction comprises mainly 
subhedral pyrite grains and minor 
arsenopyrite 

AD9767: 430.9 -14.0 -10.9 -16.0 magnetic fraction dominated by 
pyrite aggregates, with few euhedral 
grains; non-magnetic fraction 
comprises subhedral pyrite grains 
with few aggregates 

AD9772: 624.6 -30.0 -31.8 -31.4 magnetic fraction dominated by 
pyrite aggregates; non-magnetic 
fraction comprises euhedral to 
subhedral pyrite (<50 microns) 
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Table 5.6: Carbon isotope data for total carbon in argillite and 
amorphous carbon in the 109 zone stockwork 

Sample No. 8 1 3C 8 1 3C 8 1 3 ^average %C t o ta l 

Bowser Lake Group argillite 
C99951:65.0 m -25.62 -25.42* -25.52 

Upper hanging wall argillite 
C99951: 182.7 m -28.20 -28.20 
MP9808: 240 m -27.71 -27.88 -27.80 2.0 

Hanging wall argillite 
AD9771: 540.1 m -27.98 -27.98 
C97855: 41.8 m -27.99 -27.99 
C97866: 143.8 m -28.36 -28.36 
C98926: 92.0 m -27.88 -27.88 
CA89: 043: 90.3 m -28.10 -28.10 
CA90: 216: 89.9 m -28.20 -28.40 -28.30 5.1 
CA90: 291: 64.8 m -28.96 -28.96 
TR9902 -28.55 -28.55 

Contact argillite 
C96736: 162.6 m -28.72 -29.11 -28.92 3.3 
C97831:63.7 m -28.31 -28.50 -28.41 2.6 
C97866: 158.7 m -28.44 -28.44 
C98895: 145.5 m -28.91 -28.91 
C98901: 53.0 m -29.04 -29.04 
C98926: 122.5 m -28.91 -28.91 
C99976: 510.0 m -29.14 -29.14 
C99980: 375.3 m -28.43 -28.59 -28.51 1.9 
MP9806: 346.5 m -28.41 -28.41 
U-047: 49.9 m -29.63 -29.63 

Carbon in 109 zone 
1390: 17.3 m -29.73 -29.73 
1700: 19.0 m -29.50 -29.50 
U-001: 28.0 m -29.32 -29.32 

Footwall argillite 
AD9768: 664.4 m -28.27 -28.27 
CA90: 231: 189.3 m -28.76 -28.76 

'This repeat was a subsample retreated with HCL 



-25.0 
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Figure 5.8: Histogram of 5 1 3 

109 zone. Two of the samples from the contact argillite to the left of the dashed line 
were collected within 10 metres of the orebody. The third sample is from the area 
northeast of the ore, which is also anomalous in 83 4S. The arrow shows the magnitude 
of the shift in carbon isotopic composition observed during experimental hydrothermal 
alteration of sediments in the Guaymas Basin by Seewald et al. (1994). See text for 
discussion. 
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wall and upper argillite units span a very narrow range between -29.6 and -27.8 per mil (n = 22). One 

analysis of Bowser Lake Group argillite has a slightly higher 813C value of -25.5 per mil. Estimated total 

carbon contents range from 1.9 to 5.1 percent (n = 5). 

Amorphous carbon from three samples in the 109 zone has 813C values from -29.7 to -29.3 per 

mil, averaging -29.5 per mil. The amorphous carbon is disseminated in silica-altered flow-banded rhyolite 

adjacent to quartz-sulfide veins, and locally occurs in discrete veinlets as black masses. The carbon 

isotope signature in the 109 zone is similar to the lowest 813C values measured in contact argillite, which 

were collected within 10 metres of the stratiform orebodies (Fig. 5.8). 

The 813C analyses of footwall argillite average -28.5 per mil (n = 2). The average 813C value for in 

the contact argillite is -28.8 per mil (n = 10), and the hanging wall sequence averages -28.3 per mil (n = 

8). Two samples analyzed from the upper argillite average -27.8 per mil. This limited data may thus 

indicate a small, stratigraphically upward, increase in 813C from about -28.8 per mil in the contact argillite 

to about -25.5 per mil in the Bowser Lake Group argillite. 

Geothermometry in ore sulfides 

The in situ analyses of ore minerals provide a measurement of A^S for twelve mineral pairs in 

contact with one another from the 21B, NEX, 109 and footwall rhyolite zones. Temperatures of formation 

were calculated from equilibrium mineral fractionation factors summarized by Ohmoto and Goldhaber 

(1997) and range from 139°C to 767°C (Table 5.7, Fig. 5.9), indicating sulfides could not have reached or 

maintained equilibrium in all instances. 

Ore minerals in the samples from the 21B zone occur as clasts of intergrown sulfides and 

sulfosalts in a carbonaceous, chlorite-sericite-rich, argillite matrix (Figs. 5.4a-c). Deformation and minor 

recrystallization and remobilization of softer ore minerals is evident, although sphalerite appears to be 

unaffected. Remobilization is particularly manifest in the sulfosalt minerals, as indicated by the lead-

sulfosalt-rich pressure shadow on sphalerite (Fig. 5.4a). The 21B ore is dominated by irregular to 

subrounded grains of sphalerite, rarely exceeding 1 mm in size, which most commonly contain inclusions 

of tetrahedrite, lead-sulfosalts, galena and electrum. The latter minerals are also common as irregular 

patches, disseminations, overgrowths and locally narrow veinlets, which anastomose through the matrix. 
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Table 5.7: Sulfur isotope values and calculated temperatures for contact mineral 
pairs in the ore zones. 

Zone Sample ID 8 3 4 S G L 8 SsL ^ ^PY Temp. °C + / - ° C Textures 

109zone 9S-1A-1 -3.8 -0.5 199 +15/-14 intergrown 
109zone 9S-1A-1 -2.9 -1.1 359 +38/-32 intergrown 
109zone 1174:16.5m -2.7 1.6 139 +10/-9 intergrown 
109zone 9S-1A-1 -0.5 -0.9 n.e. euhdral pyrite against 

sphalerite grain 
21B U-056: 28.7m -4.4 -1.4 216 +17/-15 galena in matrix to 

sphalerite, may not be 
in equilibrium 

21B 1233: 27.0m -3.6 -1.4 306 +29/-25 galena in matrix to 
sphalerite, may not be 
inequilibrium 

NEX 1878:40.4m -2.1 -1.4 767 +200/-127 galena in fracture 
filling of sphalerite 

rhyolite CA90-159:192.3m -5.0 -1.7 197 +15/-14 intergrown 
rhyolite CA90-159:192.3m -4.7 -0.4 217 +12/-11 intergrown 
rhyolite CA90-159: 192.3m -5.7 -1.2 208 +11/-10 intergrown 
rhyolite CA90-159: 192.3m -1.1 -1.1 n.e. euhedral pyrite against 

sphalerite grains 
rhyolite CA90-159: 192.3m -1.0 -1.6 n.e. euhedral pyrite against 

sphalerite grains 
n.e. = reversed fractionation, not in equilibrium 
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Figure 5.9: Plots of sulfur isotope geothermometry for galena-sphalerite and galena-pyrite mineral pairs 
in the Eskay Creek orebodies. Isotherms were calculated from fractionation co-efficients in 
Ohmoto and Goldhaber (1997). Trends perpendicular to the isotherms imply changes in 
temperature, while trends along isotherms indicate changes in S^S of reduced sulfur in the 
ore-forming fluids. Refer to text for discussion. Filled circles = 21B zone; filled square = NEX 
zone; open diamond = rhyolite-hosted sulfide vein; open triangle = 109 stockwork zone. 
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Sulfur isotope ratios measured for two sphalerite-galena pairs in the 21B zone indicate formation 

temperatures of 216°C and 306°C (Fig. 5.9). The average 83 4S values of all sphalerite and galena in the 

sample are -1.4 per mil and -4.4 per mil respectively, and provide a calculated equilibrium temperature of 

220°C. 

Pyrite in the 21B zone occurs as fine-grained framboids and spheroids in the matrix, and as 

coarser-grained dodecahedra and cubic euhedra, which are rarely up to 0.5mm across and locally exhibit 

concentric growth zones (Fig. 5.4b). The in situ 834S measurements for five individual pyrite grains in 

sample U56: 28.7m fall in a narrow range between -1.2 and -0.8 per mil and average -1.0 per mil. 

Geothermometric calculations using this average and the average 83 4S values for galena and sphalerite in 

the same sample give calculated temperatures of 269°C and 501 °C, respectively. The latter is 

geologically unreasonable in this environment, suggesting the isolated euhedra are not in isotopic 

equilibrium with the other ore sulfides. Isotopic resetting and disequilibrium due to recrystallization 

associated with greenschist facies metamorphism would not have had a large effect on the calculated 

temperatures in the Eskay Creek ores. Crowe (1994) has demonstrated that original 83 4S values are 

preserved in monomineralic grains surrounded by quartz and in the cores of relatively coarse-grained 

intergrown sulfide minerals. In situ analysis allows measurement of ti^S values in mineral cores, while 

excluding regions along grain boundaries where isotopic exchange may have occurred. 

Sulfides in the NEX zone are clastic to massive, and cut by anastomosing chalcopyrite-rich 

stringers. The A3 4S value for one sphalerite and galena contact pair within this zone gives a unreasonably 

high formation temperature in excess of 700°C, indicating that these two minerals could not have formed 

in equilibrium. Inspection of the ore textures show that galena, intergrown with chalcopyrite and minor 

tetrahedrite, fills fractures in sphalerite (Fig. 5.4d), confirming that it likely postdates earlier sphalerite in 

this ore zone. The correlation of textural observations with isotopic analysis underscores another 

advantage of in situ measurements. 

Within a rhyolite-hosted sulfide vein sampled in the footwall of the 21B zone near the Pumphouse 

Fault (CA90-159: 192.3m), sulfides comprise irregular patches of intergrown sphalerite, galena and pyrite 

in a quartz matrix. Calculated equilibrium temperatures from this sample range from 197°C to 217°C. 
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Pyrite also commonly occurs as isolated, euhedral to subhedral, disseminated grains in the quartz-rich 

groundmass of the vein. Sulfur isotope analyses of these euhedral pyrite grains are lighter than the co

existing sphalerite, indicating disequilibrium between these two minerals. 

Quartz-sulfide veins in the 109 zone (Fig. 5.4f) are texturally similar to the footwall rhyolite-hosted 

vein described above. Sphalerite forms irregular grains and patches up to 1cm across in a quartz-rich 

matrix. Galena occurs both as irregular, isolated patches and intergrown with sphalerite. Pyrite in the 109 

zone is typically fine-grained and disseminated as isolated euhedral to subhedral grains up to 200/y 

across in the quartz matrix. Less commonly, pyrite occurs with sphalerite as either intergrowths or later 

fracture filling and overgrowth of the sphalerite grain. Sulfur isotope ratios of three intergrown sphalerite-

galena pairs in the 109 zone give temperatures of 139°C to 359°C (Fig. 5.9). The A3 4S for one intergrown 

pyrite-sphalerite pair indicates a reversed (i.e. negative) fractionation, thus these minerals are not in 

equilibrium. 

A typical sulfide assemblage in the HW zone is shown in Figure 5.4e. Galena in the sample 

(CA90-390: 103.6m) occurs as a narrow veinlet in a pyrite - sphalerite rich host, indicating that these 

minerals were not formed contemporaneously and their in situ sulfur isotope measurements are not 

useful for estimation of the formation temperature in this zone. However, pyrite and sphalerite could have 

formed in isotopic equilibrium. A temperature of 256°C is calculated using average in situ measurements 

of pyrite (+0.54%o) from this study and sphalerite sampled from the HW zone in drillhole CA90-390 

(-0.53%o) by Sherlock et al. (1999). 

The large variability of temperatures calculated using sulfur geothermometry, particularly in the 

stratiform orebodies, suggests that isotopic equilibrium was generally not attained among the ore sulfides. 

Although most of the calculated temperatures are not unreasonable in the VMS environment, most are 

inconsistent with fluid inclusion and oxygen isotope data from the 21B zone and footwall rhyolite 

presented by Sherlock et al. (1999), which indicate that the Eskay Creek deposit formed from a low 

temperature (<200°C) fluid. However, the relative consistency of the few measurements in the footwall 

rhyolite sulfide vein may suggest equilibrium conditions may have locally been attained in the 

subseafloor, although the 834S may have varied slightly during the depositional history. Within analytical 

uncertainty, calculated temperatures in the rhyolite-hosted vein (Table 5.6) are similar to the upper 
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temperature estimates from fluid inclusion and oxygen isotope data from the footwall rhyolite (Barrett and 

Sherlock, 1996; Sherlock et al., 1999). Somewhat higher temperatures would be expected in the deeper 

parts of the hydrothermal system. Although formation temperatures in the HW zone have not previously 

been constrained, its chalcopyrite-rich mineral assemblage is consistent with higher temperatures of 

formation than in the sulfosalt-rich 21B zone. The estimate of about 250°C, calculated above, is 

reasonable in the VMS environment, and consistent with late-stage heating of the hydrothermal system 

during the formation of the HW zone. 

Discussion 

Variation ofcf4S in the orebodies 

The Eskay Creek ore sulfides have a very narrow range of 83 4S values. The overall mean for 

pyrite and sphalerite is -0.7 per mil (1a = 0.9%o). Mean S^S values increase by about 1.6 per mil between 

the lower stratiform orebodies (21B, East Block and NEX), which average -1.3 per mil, and the 

stratigraphically higher HW zone, which averages +0.3 per mil (Fig. 5.5). A similar shift in 83 4S is 

observed in a single in situ measurement of galena from the NEX zone, which is about 2 per mil heavier 

than that in the 21B zone. In contrast, the 83 4S values of sphalerite in the 21B and NEX zones are similar. 

As described above, textural relationships between sphalerite and galena suggest that they may have 

formed contemporaneously in the 21B zone (Fig. 5.4c), while galena likely postdates sphalerite in the 

NEX zone (Fig. 5.4d). Galena was likely deposited in the NEX zone from fluids transporting metals and 

sulfur during formation of the overlying HW zone. The isotopic composition of the galena is consistent 

with this paragenetic history. 

Isotopic variation within the 109 stockwork zone spans twice the range of 83 4S values in the 

rhyolite-hosted vein and lower stratiform orebodies (Fig. 5.5) and averages -0.5 per mil. The 834S values 

within each of the stratiform orebodies span less than 1.4 per mil, whereas S^S values in galena, pyrite 

and sphalerite from the 109 zone stockwork span ranges of 1.8, 3.0 and 3.9 per mil respectively. Isotope 

values are also more variable within individual grains in the 109 zone, with differences of up to 1.2 per mil 

in pyrite and sphalerite. In the stratiform ores, the 83 4S range within individual sulfide grains does not 

exceed 0.7 per mil (Table 5.3). 
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The increased variability in the 109 zone could be interpreted to reflect the greater number of 

points analyzed in comparison with the other ore zones, since the 109 zone sulfides are coarser grained 

and more amenable to in situ analysis. Nevertheless, in situ data in sphalerite from the two samples 

representing the 21B zone record a very narrow range, although they are located several hundred metres 

apart. Data from these two samples are insufficient to assess broad zoning patterns throughout the 

stratiform orebodies. However, more widely distributed samples of the 21B zone, analyzed by Sherlock et 

al. (1999), also fall within the narrow range of the in situ analyses, with the exception of one slightly lighter 

sample (Fig. 5.5), suggesting the sulfur isotopic composition throughout the stratiform ore is quite 

consistent. 

The 109 zone records a protracted history relative to the stratiform ores. At least three vein-types 

have been identified in the 109 zone stockwork including: i) narrow pyrite-rich veinlets characterized by 

colloform textures; ii) pyrite - sphalerite - galena ± chalcopyrite - dominated veins associated with 

chlorite-sericite alteration envelopes; and iii) quartz-rich veinlets containing sphalerite - galena - pyrite ± 

chalcopyrite ± visible gold associated with intense silicification and amorphous carbon alteration of the 

host rhyolite. The samples selected for this study are of the quartz-rich group, which generally crosscut 

the other vein styles and therefore record conditions during later stages of hydrothermal activity in this 

zone. It has been suggested that the 109 zone represents the feeder to the stratiform orebodies 

(Edmunds et al., 1994), but the locus of mineralization in the 21B zone appears to be located near the 

central part of that orebody (Chapter 4). The rhyolite-hosted vein, sampled in the footwall of the 21B 

zone, has a mean 83 4S of -1.1 per mil, which is similar to that measured in the lower stratiform orebodies 

and indicates that it is probably related to the formation of the 21B zone. The 109 zone may be related to 

mineralization in the NEX and HW zones, although stratiform ore does not immediately overlie the 

stockwork zone in the current geometry of the orebody. Regardless, the 109 zone probably acted as a 

conduit for hydrothermal fluids throughout the depositional history of the Eskay Creek deposit and would 

have recorded changes in the isotopic composition of sulfur in the fluids. 

The isotopic variation in the sulfides in the 109 zone could reflect either local fluctuations in fluid 

chemistry during precipitation of the minerals, or evolution in 83 4S of reduced sulfur in the hydrothermal 

system. The isotopic composition of H2S in the fluid may vary by changes in the physicochemical 
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conditions of the ore fluid (e.g. temperature, pH, /02, fS2, ionic strength) as described by Kajiwara (1971) 

and Ohmoto (1972), or by variable contribution of sulfur from seawater sulfate and/or magmatic sulfide. If 

the isotopic variations in the 109 zone are due to rapid, localized, physicochemical fluctuations in the 

fluids at the site of deposition, similar variations should also be expected in the stratiform orebodies. 

The range in 834S observed in the 109 zone sulfides cannot be explained by changes in 

temperature alone, although temperature fluctuations could account for some local variations. One zoned 

pyrite grain in the 109 zone (Fig. 5.4h), indicates a decrease of 1.2 per mil from the core to the rim of the 

grain. This change in 834S could be achieved with an increase in temperature from 125°C to 275°C (Fig. 

5.10), which approximately reflects the range in estimated formation temperatures between deposition of 

the 21B and HW zones. A temperature increase could also account for the 1.8 per mil variation in 834S of 

galena in this sample. However, fractionation between H2S and sphalerite is small and geologically 

unreasonable temperature variations, from less than 100°C to over 800°C, would be required to achieve 

the observed range in Ŝ S of sphalerite in the 109 zone due to changes in temperature alone. 

The range in 34S values could also be explained by variable contribution of reduced seawater 

sulfate to the hydrothermal system. Assuming 100 percent reduction of Jurassic seawater S0 4 ' 2 (+17 per 

mil, Claypool et al., 1980) and constant temperature, the 3.9 per mil range in sphalerite could be 

explained by an 18 percent contribution from seawater sulfate. Similarly, the 3.0 per mil range in pyrite 

and 1.8 per mil range in galena would require about 14 percent and 11 percent sulfur from seawater 

respectively. Thus, it is likely that the observed variations reflect evolution of the hydrothermal system due 

to admixture of different sources of sulfur and changes in temperature. 

Distribution ofS^S in the argillite hostrocks 

In general, the 834S values of pyrite in contact argillite around the Eskay Creek deposit becomes 

progressively lighter with distance laterally away from, and stratigraphically above, the orebodies (Figs. 

5.7, 5.11, and 5.12). Pyrite sampled in and immediately adjacent to the stratiform orebodies has a 834S 

value close to 0 ± 2 per mil. Relatively heavy sulfur isotope signatures in pyrite (greater than -5%o) are 

measured up to 60 metres above the upper rhyolite contact immediately overlying stratiform ore but, with 

the exception of a few spurious samples, have little lateral extent away from the locus of mineralization in 
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Figure 5.10: Isotopic fractionation curves for pyrite (PY), sphalerite (SL) and galena (GL) 
formed from H2S in the hydrothermal fluids. Ranges show the calculated 
change in isotopic composition of the resulting mineral due to an increase in 
temperature from 125° to 275°C. 



Figure 5.11: Contours of 83 4S in pyrite hosted in the contact argillite horizon. The 53 4S values in pyrite 
decrease rapidly laterally away from the stratiform mineralization, with biogenic signatures 
occurring within tens of metres away from the ore. Isotopically heavy pyrite to the northeast 
suggests potential for further hydrothermal activity. Contour interval is 10%o. 
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A. 

extent of stratiform ore 
(no samples collected above NEX) 

Figure 5.12: Refer to caption on following page. 
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Figure 5.12: a) Normalized section looking to the northwest across the strike of the orebodies showing 
variation in sulfur isotope composition in pyrite along strike from the sulfide lenses. The area 
and samples included are shown in the shaded area of the inset map. The S^S values are 
plotted relative to true thickness above the upper rhyolite contact and include basaltic flows 
and sills in the hanging wall basalt sequence. The contours indicate a rapid decrease in 834S 
laterally away from the stratiform ore. Isotopically heavy values extend up to 60 metres 
vertically above the ore suggesting continued input from the hydrothermal fluids during 
deposition of the hanging wall sequence, b) Section normalized to the top of the rhyolite 
looking northward across the 21B ore zone. The area covered is shown by the shaded block 
in the inset map. As in the previous diagram, the contours indicate that isotopically heavy 
pyrite is restricted to narrow zones located vertically above the stratiform ore. Anomalously 

S-enriched pyrite occurs on the east side of the Portal Fault. See text for discussion. The 
contour interval is 10%o in both sections. 
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the ore horizon. Even samples collected between the 21B and 21C zones, which are less than 100 

metres apart, are up to 9 per mil lighter than the ore. Pyrite becomes substantially depleted in 3 4 S within 

tens to hundreds of metres of the deposit, measured radially from the closest ore boundary (Fig. 7). In the 

10 metres adjacent to the ore, the average 83 4S of pyrite in argillite is -2.1 per mil. Pyrite samples within 

100 metres of the ore average -13.0 per mil. At distances greater than 100 metres from the ore, the 534S 

in pyrite averages -18.5 per mil and at distances greater than 350 metres, 83 4S values in pyrite average 

-24.4 per mil. The sulfur isotope ratio decreases more rapidly across the strike of the orebody than along 

the length of the depositional trough identified in the 21B zone (Fig. 5.11). 

The restricted distribution of pyrite in argillite with 834S values close to that of the ore suggests 

that the venting hydrothermal fluids were focussed and did not migrate significantly laterally along the 

contact argillite horizon. In the hanging wall sequence, the relatively heavy isotopic signature recorded in 

pyrite suggests that hydrothermal activity continued for some time during burial of the deposit by 

sedimentation and the onset of basaltic volcanic activity. However, the mafic hanging wall rocks are only 

weakly altered (Bartsch, 1993; Barrett and Sherlock, 1996) suggesting that the hydrothermal system was 

in the waning stages. The steep-sided contour patterns in Figure 5.9 indicate that lateral migration of the 

hydrothermal fluids continued to be restricted during and after burial, and that fluid rose upwards to the 

seafloor directly above the orebodies. 

Several relatively isotopically heavy pyrite samples, centered about a sample with a S^S value of 

+5.2 per mil (Fig. 5.11), were collected from the contact argillite and hanging wall sequence in an area to 

the northeast of the deposit. The area is separated from the main orebodies by the Pumphouse Fault 

zone and may occur on the northeast side of the Portal Fault, although the trace of this structure is poorly 

defined in this area. Contour patterns in Figure 5.12a suggest that this area could have been subjected to 

upwelling hydrothermal activity similar to that above the known stratiform orebodies. 

Three samples of 34S-enriched pyrite were analyzed on the east side of the Portal Fault (Figs 

5.11 and 5.12b), reporting 83 4S values greater than +5 per mil, up to 60 metres above the top of the 

rhyolite sequence. Repeat analyses of pyrite drilled from a visually pure lamination in the contact argillite 

in this area returned 83 4S values of +23.5 and +32.3 per mil. The poor repeatability of the analysis may be 
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due to either inhomogeneity in the 5 S of the pyrite, or the presence of submicroscopic barite, which 

would compromise the validity of the analysis. Barite was identified among pyrite separated from the 0.5m 

argillite interval hosting this lamination, consistent with some hydrothermal activity in this area. If the 

analysis is valid, the 34S-enriched pyrite lamination may have formed by complete replacement of earlier 

barite in the contact argillite. Six samples of barite, sampled in and around the stratiform ore by Sherlock 

et al. (1999), have 83 4S values ranging from +21.8 to +27.3 per mil and averaging +24.0 per mil. 

Significant inhomogeneity in the 834S of the pyrite could have resulted from either replacement of barite 

with a variable S34S composition, or variable contribution of reduced seawater sulfate to hydrothermal 

fluids during formation of the pyrite. Alternatively, isotopically heavy pyrite could have formed by reduction 

of seawater sulfate in a closed system (e.g. trapped pore waters) during burial diagenesis (cf. Schwarcz 

and Burnie, 1973; Goldhaber and Kaplan, 1980). Regardless, the occurrence of isotopically heavy pyrite 

in the hanging wall of the ore-bearing horizon indicates hydrothermal activity continued in the area east of 

the Portal Fault after the onset of basaltic volcanism. 

One isolated, isotopically heavy pyrite sample (+6.1%0) was sampled in a surface exposure of 

contact argillite, about 2.6 kilometres south of the orebodies (Figs. 5.12a). Although this sample appears 

to be unmineralized, it was collected near a known outcrop of stockwork vein mineralization in the footwall 

rhyolite, and may record a sulfur isotope signature associated with localized hydrothermal activity in this 

area. 

Six samples of pyrite-bearing footwall argillite have highly variable 83 4S values, spanning about 

40 per mil. The two heaviest samples (+17.3%o and -1.7%o) occur on the east side of the Pumphouse 

Fault. Pyrite with a S^S value of -22.6 per mil was sampled north of the deposit, near the Andesite Creek 

Fault and represents the most distal sample in this horizon. Though the data are too sparse to define the 

spatial variations in the isotopic composition in argillite underlying the rhyolite, the analyses suggest an 

increase in 83 4S with proximity to the ore, and perhaps towards the Pumphouse Fault. 

The 83 4S values of pyrite in argillite generally decrease stratigraphically upwards (Fig. 5.6). All 

samples in the upper argillite unit report S^S values less than -23.0 per mil. However, pyrite in the 
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overlying Bowser Lake Group argillites are isotopically heavier and average -7.1 per mil in the four 

samples analyzed. 

Sulfur sources 

The narrow range in sulfur isotopic composition of the Eskay Creek deposit suggests the 834S of 

reduced sulfur in the ore-forming fluids did not vary substantially. Since fractionation between precipitated 

sphalerite and H2S is less than 1 per mil at temperatures above 150°C (Ohmoto and Rye, 1979), 834S 

values of the ore sulfides closely reflect the isotopic composition of H2S in the hydrothermal fluids. The 

834S values measured in the ore are consistent with sulfur originating from: i) inorganic reduction of 

seawater sulfate; ii) leaching of sulfides in the volcanic pile; iii) direct input from magmatic fluids; or iv) a 

combination of these processes. 

Reduction of seawater sulfate, by either biogenic or abiogenic pathways, as a primary source of 

H2S in the ore-forming fluids would require very consistent physicochemical conditions and equilibrium 

between sulfate and sulfide in order to achieve the narrow range of isotopic composition measured in the 

ore minerals. Fractionation processes between sulfides and sulfates are slow and variable at 

temperatures below about 300°C, and equilibrium may not be attained in the ascending fluids (Ohmoto 

and Lasaga, 1982; Taylor, 1987). Since fluid inclusion and isotope data suggest the Eskay Creek 

orebodies formed at temperatures below 200°C, complete equilibrium between S0 4" 2 and H2S in the 

hydrothermal fluids is unlikely and the resultant 834S values of the H2S would be much more variable than 

that observed. Furthermore, if reduction did proceed under equilibrium conditions between S0 4" 2 and H2S, 

fractionation would be 30 per mil at 200°C, and even greater at lower temperatures. Thus, if the 834S of 

seawater S0 4 ' 2 was +17 per mil, as estimated by Claypool et al. (1980) for the Jurassic, the resulting H2S 

would be at least 12 per mil lighter than the S^S of the average ore sulfide. 

The composition of seawater sulfate within the ore-forming basin could have been heavier than 

the average for the Jurassic. As in many VMS deposits worldwide (Franklin et al., 1981; Huston, 1999), 

the 834S of sulfate in the Eskay Creek orebody is slightly heavier than contemporaneous seawater sulfate. 

Sulfur isotope measurements of barite at Eskay Creek average +24.0 per mil (Sherlock et al., 1999), but 

range over 5.5 per mil. These measurements provide an estimate of the maximum 834S for seawater 
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sulfate in the ore-forming basin. To generate H2S with a relatively consistent sulfur isotope ratio close to 

-2 per mil from this sulfate would require temperatures near 250°C under remarkably consistent 

physicochemical conditions. Therefore, it is unlikely that reduced seawater sulfate is the dominant source 

of reduced sulfur at Eskay Creek. However, as in most VMS systems, oxygen isotope data indicate that 

the circulating fluids were dominated by seawater (Barrett and Sherlock, 1996; Sherlock et al., 1999). 

Seawater sulfate would be lost from the fluids during heating due to retrograde solubility and precipitation 

of anhydrite (Ohmoto et al., 1983; Janecky and Seyfried, 1984). 

Sulfide leached from the footwall stratigraphy would produce a much more compositionally 

consistent source of reduced sulfur. Sulfur from magmatic sulfides, seawater sulfate and biogenic sulfides 

may all be incorporated into the fluid by leaching the footwall host rocks (Taylor, 1987) and sufficient 

metals and sulfur are generally available in the volume of altered rocks to produce VMS deposits (e.g. 

Taylor and South, 1985). In most VMS districts, the isotopic composition of the host volcanic rocks 

dominates the deposits (e.g. Franklin et al., 1981; Taylor, 1987) and is typically 0±5 per mil, although 

values outside this range are common (Ohmoto and Goldhaber, 1997). Lead isotope studies by Childe 

(1996) indicate the metal in the Eskay Creek deposit is consistent with a Lower or Middle Jurassic source, 

such as the footwall stratigraphy or perhaps unidentified intrusions at depth, and therefore supports a 

hydrothermal leaching model. 

A magmatic sulfur component may also have been directly incorporated into the hydrothermal 

fluids. Evidence from fluid inclusion leachate studies by Sherlock et al. (1999) suggest the ore-forming 

fluids are consistent with a seawater-derived fluid mixed with a magmatic-derived fluid. The latter are 

identified by higher salinities of up to 10.7 weight percent NaCI equivalent, and have halogen and cation 

ratios that are consistent with magmatic fluid inclusions and volcanic fumaroles (Sherlock et al., 1999). 

The proportion of sulfur that may have been incorporated directly from magmatic sources cannot be 

determined. 

The 83 4S value of reduced sulfur in the hydrothermal fluids increased between formation of the 

21B zone and the overlying HW zone (Fig. 5.13). The hiatus between the formation of the two orebodies 

is marked by accumulation of contact argillite, which is cut by numerous veinlets and stringers near the 
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Figure 5.13: Schematic representation of the evolution in ̂ Sof reduced sulfur in the hydrothermal fluids 
during formation of the orebodies. The isotopic signature increases between deposition of the 
21B and HW zones. Sulfides in the 109 zone span the range of values in both orebodies, 
probably reflecting the protracted history of sulfide deposition in this stockwork orebody. 

268 



HW zone. The contact argillite unit in this area is estimated to average about 20 metres in thickness, 

although local structural thickening and deformation complicates the interpretation. Mineralogy and sulfur 

isotope data suggest that the HW zone formed at higher temperatures than the 21B zone, perhaps due to 

capping of the hydrothermal system by the deposition of the contact argillite, or onset of basaltic volcanic 

activity. At higher temperatures the sulfur isotope fractionation between H2S and sulfide minerals 

decreases (Fig. 5.10) and would result in a decrease in 83 4S in the precipitating sulfides, assuming the 

83 4S of H2S in the fluids had remained constant. The 2 per mil increase is more readily explained by 

contribution of reduced seawater sulfate trapped in pore fluids within the accumulated sediments. 

Assuming complete reduction of +17 per mil S0 4 ' 2 , a shift of 2 per mil in the S^S of the resulting pyrite 

would require 11 percent of the sulfur in the HW orebody to have been contributed by the reduction of 

seawater sulfate. If seawater S0 4 ' 2 values were closer to +24 per mil, as indicated by co-existing barite, 

then only an 8 percent contribution would be required. 

The 83 4S values of pyrite in argillite more than 100m from the Eskay Creek orebodies are typically 

between 40 and 65 per mil lighter than average Jurassic seawater sulfate. Such a depletion is consistent 

with formation from reduction of seawater sulfate by anaerobic bacteria in an open marine basin (Ohmoto 

and Goldhaber, 1997/ These bacteria thrive at temperatures up to about 110° (Jorgensen et al., 1992) 

but could not have been active at higher temperatures at the site of ore deposition. 

The sulfur isotope values of pyrite from argillite within about 100 metres of the orebodies probably 

represent a mixture of pyrite formed from sulfur in the hydrothermal ore fluids and sulfur reduced from 

seawater sulfate by bacteriogenic processes, based on 83 4S values ranging between about -5 and -15 per 

mil. This could reflect either replacement of early, isotopically light, diagenetic pyrite with hydrothermal 

fluids containing reduced sulfur with a 834S value close to 0 per mil, or variable mixtures of two isotopically 

distinct populations of pyrite. Since most of the samples represent about 1 metre of drillcore, both 

bacteriogenic and hydrothermal pyrite could have been present at different levels in the argillite interval. 

Further detailed sampling would be required to address this issue. 

Isotopically light pyrite in the upper argillite unit suggests an entirely bacteriogenic origin. 

However, the 83 4S values of pyrite in the overlying Bowser Lake Group are comparatively heavy (Fig. 
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5.6). Studies in modern marine sediments have shown that the extent of isotopic fractionation between 

sulfate and reduced sulfur species is a function of the rate of bacterial reduction, which depends on the 

type and reactivity of organic matter present, and rates of diffusion at the sediment-seawater interface. In 

most marine environments, fractionation decreases as the sedimentation rate increases (Goldhaber and 

Kaplan, 1975; Berner, 1978; Goldhaber and Kaplan, 1980; Bonnell and Anderson, 1987). Coarse 

sedimentary facies intercalated with argillite in the Bowser Lake Group indicate a more active depositional 

environment, which is reflected in heavier 834S values in pyrite of biogenic origin. 

Textural controls on isotopic composition 

The large range in 53 4S and inferred differences in sulfide origin (biogenic vs. abiogenic) at Eskay 

Creek raises the question of whether such differences might be reflected in pyrite morphology. Typically, 

pyrite in argillite proximal to the orebodies is coarse-grained, brassy, and euhedral to subhedral. Clusters 

of well developed framboids are common among these brassy pyrite grains. With increasing distance 

from the orebodies, aggregates of very fine-grained pyrite cubes cemented by host argillite dominate. 

Examination of the separates suggests that the distal samples do not contain framboidal pyrite, although 

this may be an artifact of the separation method. 

The superpanner separation method relies on density differences between the pyrite and the host 

minerals, thus very fine, disseminated sulfides were extremely difficult to extract. Pyrite framboids are 

observed petrographically in argillite distal to the orebodies, but are tiny and sparsely distributed (Fig. 

5.3g). Aggregates of fine-grained pyrite cubes separated from the distal argillite represent pyrite from 

nodules and laminations (Fig. 5.3h), which were broken into fragments during the crushing process (Fig. 

5.3i). The fine-framboidal pyrite remained in the residual gangue fraction. In samples proximal to the 

orebodies, pyrite is much more abundant and framboids may form in clustered patches in the host argillite 

(Fig. 5.3f). Such clusters stay together during crushing (Fig. 5.3c) and are separated in the superpanner 

due to their increased total density. 

Our preliminary attempt to investigate differences of textural end-members of pyrite by magnetic 

separation produced inconclusive results (Table 5.5). Differences in 63 4S were observed in four of the five 

samples tested (Fig. 5.14) and three of these indicated that the magnetic fraction, dominated by fine-

270 



E s k a y 

m a g n e t i c 

s e p a r a t e s . 

C 

V • 

• V 

€7 

- A D 9 7 7 2 : 624 .6 

- A D 9 7 6 7 : 430.9 

- A D 9 7 6 9 : 475.2 

- C 9 7 8 6 2 : 137.6 

H o k u r o k u -

B a s i n 

1 • 1 

1 •—1 

1 • 1 

- e u h e d r a 

- m i x e d f r a m b o i d s a n d e u h e d r a 

- f r a m b o i d s 

E z u r i 1—1 

+ 

- e u h e d r a 

- m i x e d f r a m b o i d s a n d e u h e d r a 

- f r a m b o i d s (projected va lue) 

B i g M i k e 

1 •—1 

1 *H 

- c o a r s e - g r a i n e d 

- f i ne - g ra i ned 

E l R o b l e 

1—1 
1 1 

- e u h e d r a 

- f r a m b o i d s 

I P B 

-A 

1 • 1 
1 • 1 

- e u h e d r a 

" f r a m b o i d a l a n d co l l o fo rm 
I P B 

-A 
1 1 1 1 1 1 

10 - 3 0 - 2 0 - 1 0 0 1 0 2 0 

t^S (%o) 

Figure 5.14: Variations in sulfur isotope composition between two magnetically separated pyrite fractions 
at Eskay Creek, compared to S^S values in various textural varieties of pyrite in other 
deposits. Filled circles = magnetic fraction, dominated by fine-grained pyrite aggregates; 
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samples (Komuro and Sasaki, 1985). References: Hokuroko Basin = Eldridge and Ohmoto 
(1982), Ohmoto et al., (1983), Nakajima and Sasaki (1985); Ezuri Mine = Komuro and 
Sasaki (1985); Big Mike = (Rye et al., 1984); El Roble = Furuno et al., (1992); Iberian Pyrite 
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grained pyrite aggregates, is isotopically lighter. In the fourth sample, the magnetic fraction is heavier. 

Although the results of this test were variable, the measured differences in S34S between the two fractions 

suggest a range of isotopic compositions may be present in some samples. Such inhomogeneity may 

have resulted from the variable mixing of biogenic and hydrothermal sulfur sources in sediments adjacent 

to the orebodies. This could have occurred either at the time of pyrite formation, or by isotopic exchange 

of biogenic (diagenetic) pyrite during later circulation of hydrothermal fluids. Alternatively, the pyrite 

separates may contain physical mixtures of both isotopically light, biogenic pyrite and hydrothermally-

derived pyrite, which occur at different horizons within the argillite unit and were combined in the one 

meter sample. 

Variation in 834S values correlating with pyrite morphology has been observed in deposits of the 

Iberian Pyrite Belt (Velasco et al., 1998), the Kuroko district (Eldridge and Ohmoto, 1982; Ohmoto et al., 

1983; Komuro and Sasaki, 1985; Nakajima and Sasaki, 1985), and the El Roble VMS deposit (Furuno et 

al., 1992). Typically, pyrite with framboidal and colloform habits in these deposits is isotopically lighter 

than pyrite with euhedral replacement and recrystallization textures (Fig. 5.14). A slight difference in the 

mean 834S value between fine and coarse-grained pyrite has been reported from the Big Mike deposit, 

and is attributed to higher 834S values in the later fluids (Rye et al., 1984). Although similar trends do not 

appear to be reflected in the Eskay Creek deposit, more detailed sampling, and improved separation of 

the textural varieties of pyrite would be required to definitively determine whether any trends exist. The 

present method and scale of sampling is insufficient to conclude whether the sulfur isotopic signature of 

pyrite texture is related to its morphology around the Eskay Creek deposit. 

Comparison to other deposits 

As in many Phanerozoic VMS deposits and sulfides on the modern seafloor, the sulfur isotope 

composition of the Eskay Creek ore displays a narrow range close to 0 per mil. In general, VMS deposits 

and sulfides in modern seafloor hydrothermal systems trend towards positive S34S values (Fig. 5.15; 

Franklin et al., 1981; Ohomoto et al., 1983; Bluth and Ohmoto, 1986; Herzig et al., 1998a; Huston, 1999), 

whereas Eskay Creek ore is slightly negative. Isotopically light sulfur in massive sulfide ores and seafloor 

hydrothermal systems are commonly attributed to remobilization of biogenic sulfur (e.g. Rye et al., 1984; 
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Figure 5.15: Sulfur isotope data from modern and ancient VMS deposits worldwide, shown in 
comparison to data from Eskay Creek. 
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Kase et al., 1990; Shanks et al., 1995), or to reduction of an isotopically light seawater sulfate source 

(e.g. Permian S0 4" 2 at Mount Chalmers - Huston et al., 1995). Many of the deposits with variable, light, 

834S values are hosted in volcanic sequences with a sedimentary component (Fig. 5.15) from which 

biogenic sulfur could be readily remobilized. However, Herzig et al. (1998a) have documented isotopically 

light sulfides in an unsedimented hydrothermal system at the Hine Hina site in the Lau Basin. They 

suggest the sulfur isotope values reflect direct contribution from a 834S depleted magmatic vapor to the 

hydrothermal system. Sulfides in volcanic and igneous rocks in the compositional range of ore sulfides at 

Eskay Creek have been analyzed in the West Shasta and Sierra Nevada districts (Fig. 5.15; Taylor and 

South, 1985; Ishihara and Sasaki, 1989). Volcanic rocks with a similar 834S signature could occur in the 

Eskay Creek area but this has not been investigated. 

The narrow range of S^S values in the Eskay Creek orebodies suggests biogenic sulfur did not 

contribute significantly to the isotopic signature of the ore sulfides, although a biogenic sulfur signature 

dominates pyrite regionally in the host argillite. Isotopically light 834S signatures in distal pyrite samples 

have also been reported at Middle Valley, El Roble, and the Kuroko District (Fig. 5.15). Regional S^S 

patterns for pyrite in the Hokuroku basin, which hosts the Kuroko deposits, are similar to trends observed 

regionally at Eskay Creek, although on a much larger scale. In the Hokuroku basin, pyrite collected 

greater than 4 kilometres from the orebodies has a biogenic signature ranging from -45 to -10 per mil, and 

averages about -25 per mil. Within 4 kilometres of the deposits the 834S of the pyrite ranges from -15 to 

+10 per mil and is interpreted to contain both bacteriogenic and hydrothermal sulfur (Eldridge and 

Ohomoto, 1982; Ohomoto et al., 1983). Pyrite with intermediate S^S values between about -5 and -15 per 

mil, which also likely formed by mixing of bacteriogenic and volcanic-derived sulfur sources, have a much 

more restricted distribution at Eskay Creek. Sulfur isotopic values in this range are common, though 

sporadic, up to about one kilometre along strike from the Eskay Creek orebody, but within only tens of 

metres across strike. Bacteriogenic signatures are abundant within tens of metres of the orebodies. 

Carbon isotopes 

The very narrow range in 813C values for organic carbon in the argillite, averaging -28.6 per mil 

(Fig. 5.8), is consistent with derivation from plant matter and marine organisms (Ohmoto and Rye, 1979; 
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Holser et al., 1 9 8 8 ) . The isotopic composition of organic matter, and the kerogens and graphitic matter 

derived from it, have remained relatively constant over the past 3 . 8 billion years and normally range from 

- 2 0 to - 3 0 per mil with a median around - 2 5 per mil (Schidlowski, 1 9 8 8 ) . 

The average 813C of the organic carbon in the host argillites decreases by about 0 . 6 per mil with 

proximity to the Eskay orebodies. The lightest 513C value in the contact argillite horizon, - 2 9 . 6 per mil, 

occurs immediately adjacent to the 2 1 B ore. At 1 0 metres from the ore, 813C measured - 2 9 . 0 per mil. All 

other samples in the contact argillite average - 2 8 . 7 per mil. One isotopically lighter value of - 29 .1 per mil 

was also measured in a sample collected northeast of the known orebodies, corresponding to the area of 

anomalously heavy sulfur in pyrite. The 813C values measured in the footwall, hangingwall and upper 

argillite horizons are typically slightly heavier than the contact argillite and average - 2 8 . 2 per mil. The 

heavier 813C measurement from the Bowser Lake Group (-25.5%o) may be due to the change in 

depositional environment that is also reflected in the S^S signature. 

Few studies have examined the 813C signature of organic matter in carbonaceous host rocks, and 

these have mainly been around Archean deposits in the Canadian Shield (Strauss, 1 9 8 6 ; Strauss, 1 9 8 9 ; 

Wellmer et al., 1 9 9 3 ) . Wellmer et al. ( 1 9 9 3 ) studied the organic carbon isotopic composition of 

sedimentary rocks hosting the subeconomic Chance and Tillex massive sulfide occurrences in the Kidd 

Creek district, near Timmins, Ontario, to test the potential for a new exploration method. Their studies 

showed that 813C decreases towards the base metal sulfides by as much as 8 per mil, to - 4 1 . 5 per mil, 

and shows a correlation with total organic content (TOC) of the sediment, which also typically increases 

with proximity to the orebody. Although trends are complicated by TOC of the host rocks, isotopic 

anomalies were detected at distances of 2 0 0 to 6 0 0 metres from the deposits. Wellmer et al. ( 1 9 9 3 ) 

proposed that the decrease was due to the presence of methanogenic bacteria around the hydrothermal 

vents on the seafloor. At Eskay Creek, S13C values showed little change with proximity to the orebody 

although visual estimates based on colour and hardness indicate an increase in TOC towards the 

deposit. The carbon isotope signatures around the Eskay Creek deposit are significantly heavier than 

those measured around the Chance and Tillex deposits, suggesting methane did not contribute 

substantially to the 813C signature at Eskay Creek. 
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Experimental studies in hydrothermal alteration of sediments from the Guaymas Basin, at 350 to 

400°C, by Seewald et al. (1994), showed that the 813C of residual solid organic matter in the altered 

sediments was depleted by less than 0.7 per mil relative to the starting sediments due to dissolution of 

C0 2 , CH4, and organic carbon into the hydrothermal fluid. The decrease in mean 513C values between 

regional argillite around Eskay Creek and argillite proximal to the orebodies is of the same magnitude as 

the shift observed in the Guaymas Basin (Fig. 5.8). If similar changes in carbon isotope ratios might be 

expected at lower temperatures associated with formation of the Eskay Creek deposit, then hydrothermal 

alteration processes would best explain the observed decrease in 513C adjacent to the orebodies. 

The 813C value of amorphous carbon in the 109 stockwork zone averages -29.5 per mil and is 

consistent with the lightest values sampled in the argillite horizons. This suggests that organic matter may 

have been remobilized into 109 stockwork, perhaps from carbonaceous marine sediments in the 

underlying footwall sequence. 

Exploration significance 

The increase in 83 4S towards, and immediately above, the Eskay Creek ore provides an indicator 

to identify proximity to hydrothermal activity within tens to hundreds of metres of the orebodies. Changes 

in 81 3C of organic carbon due to hydrothermal alteration are very subtle and more restricted than patterns 

observed in the sulfur isotope ratios. The applicability of these observations to large scale exploration 

programs is limited by the restricted distribution of isotopically heavy sulfides around the orebody. On a 

camp scale, isotope ratios in the host rocks may provide a tool to indicate local trends in isotopic 

composition and could provide a vector towards discovery of satellite orebodies once the target horizon is 

well understood. 

Although the isotopic composition of pyrite in the host rocks can provide a useful tool to assess 

proximity to hydrothermal activity, it is essential to be aware of the depositional environment of the 

horizon being sampled. The pyrite in the Bowser Lake Group has an isotopic composition that would be 

classified as "intermediate", implying a mixture of biogenic and hydrothermal sulfur sources. However, 

intercalation of coarse sedimentary facies in this unit indicates that the sequence was not deposited in a 
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quiescent environment. Consequently, the isotopic signature reflects the relatively rapid sedimentation 

rate rather than the influence of hydrothermal fluids. 

Summary 

The Eskay Creek deposit was formed in an open marine basin in which fine, organic-rich 

sediments accumulated. Pyrite with very negative 834S values formed from bacterial reduction of seawater 

sulfate. Ore-forming hydrothermal fluids, carrying reduced sulfur leached from footwall volcanic rocks and 

perhaps also directly from magmatic volatiles, vented locally to form stratiform orebodies, some of which 

were clastically redistributed into a localized depression. The narrow range of 834S in the ore sulfides 

suggests that bacteriogenic or thermochemically reduced seawater sulfate did not contribute significantly 

to the early ore fluids. However, seawater sulfate trapped in pore fluids of the accumulated sediments 

was likely reduced and incorporated into ore-forming fluids during formation of the late-stage HW zone. 

Hydrothermal activity continued after burial of the stratiform orebodies and the onset of basaltic 

volcanism, although the circulation of hydrothermal fluids was waning and restricted to the area 

immediately above the earlier vent sites. The elevated temperatures of these late-stage fluids permitted 

thermochemical reduction of seawater sulfate to produce isotopically heavy pyrite immediately above the 

orebodies, while bacterial activity was restricted. 

Bulk 834S values between about -15 and -5 per mil are indicative of a mixture of bacteriogenic and 

hydrothermal sulfur sources. Early biogenic pyrite may have been overprinted by later hydrothermal 

fluids, or two populations of pyrite may be present in these samples. Preliminary attempts to discriminate 

between the isotopic composition on the basis of textural variations in these samples were not definitive. 

However, isotopic differences were detected between the separated fractions, suggesting that more than 

one compositional population of pyrite is present. 

Slight decrease in 813C of organic carbon in the host sediments can be detected in samples less 

than 10 metres from the orebodies. This evidence could provide a useful, if rather subtle, exploration 

indicator of hydrothermal fluid circulation, but is of rather limited use in apparently restricted systems like 

Eskay Creek. 
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Sulfur isotope mapping has clearly indicated evidence of hydrothermal activity at Eskay Creek 

extends some 50 to 100 metres from the ore bodies. However, hydrothermal vents at the site of ore 

deposition must have been focused, with restricted lateral migration of fluids into the surrounding 

sediments. On the scale of tens to hundreds of metres, and larger in some cases, the isotopic variations 

can serve as a useful exploration tool. However, the technique requires good understanding of the 

isotopic signature and depositional environment of the target orebody and its host rocks. 
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CHAPTER 6 

PHYSICAL AND CHEMICAL CONTROLS ON MINERALIZATION 
IN THE ESKAY CREEK DEPOSIT AND IMPLICATIONS FOR EXPLORATION 

Introduction 

The Eskay Creek deposit is one of the highest-grade gold and silver-rich volcanogenic massive 

sulfide (VMS) orebodies in the world. Many characteristics of the deposit are analogous with Zn-Pb-Ag-

Au-type polymetallic volcanogenic massive sulfide (VMS) deposits such as those described in the Kuroko 

district of Japan (Ohmoto and Skinner, 1983) and the Mt. Read district of Tasmania (Large, 1992). These 

characteristics include a tabular stratiform geometry, submarine depositional environment, bimodal 

volcanic host-lithology, mineralized footwall stockwork, and sericite-chlorite-quartz-rich footwall alteration 

assemblage. Eskay Creek is distinguished from other deposits in this class by its spectacular precious 

metal content, enrichment in low temperature elements typical of epithermal deposits ("epithermal-suite"), 

sulfosalt-rich mineralogy, significant variability between stratiform subzones, and extensively clastic 

nature. The total precious metal content of the 2.3 million tonne deposit is an estimated 3.9 million ounces 

of gold and 175 million ounces of silver (Rogers, 2002). Base metal grades in the largest of the 

orebodies, the 21B zone, average about 5% Zn, 3% Pb and 0.7% Cu. Therefore, average precious metal 

grades at Eskay Creek are an order of magnitude greater than other gold-rich VMS deposits documented 

to date, whereas base metal grades are similar to many of the deposits in this class (Fig 6.1; Hannington 

et al., 1999; Huston, 2000). 

This study has focussed on the mineralogical, textural, chemical and isotopic characteristics of 

the sulfides and sulfosalts that comprise the Eskay Creek ore. This information provides important 

constraints on the physical and chemical controls on the mineralizing system. In this chapter, a genetic 

model for the Eskay Creek deposit is presented based on observations compiled in the preceding 

chapters. Constraints on the mineralizing system and implications for future exploration of similar, highly 

valuable, gold and silver-rich VMS deposits are discussed. 
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Figure 6.1: Grade and base metal ratios for gold-rich volcanogenic massive sulfide deposits of Zn-Pb-
Au-Ag association, (a) Total contained gold, (b) Total contained silver, (c) Total base metals 
plotted against silver to gold ratio, (d) Ternary plot of base metals, (e) Gold to base metal 
ratio plotted against silver to gold ratio, (f) Silver to base metal ratio plotted against silver to 
gold ratio. Symbols: * Eskay Creek; BL = Buttle Lake; BU = Buchans; GC = Greens Creek; 
HC = Hercules; HE = Hellyer; QR = Que River; RB = Rosebery; TC = Tulsequah Chief; UW = 
Uwamuki #4; WL = Woodlawn; YK = Yaman Kasy (Data from Hannington et al., 1999, and 
Huston, 2000) 

288 



Depositional Setting 

The Eskay Creek deposit formed in a dynamic environment of partially emergent volcanic centres 

with intervening basins that comprise the Iskut River area of northwestern British Columbia, as described 

by Macdonald et al. (1996). This relatively small area (about 6000 km2) is host to a wide variety of mineral 

deposits related to Early to Middle Jurassic plutonism and volcanism and reflect a wide spectrum of 

mineralizing environments including porphyry, skarn, mesothermal veins, epithermal veins, and 

submarine exhalative sulfides (at Eskay Creek). 

Two episodes of Jurassic magmatic activity have been identified within the region; the earlier 

event spans about 200 to 180 Ma and the latter from 180 to 170 Ma (Macdonald et al., 1996). Earlier arc-

related rocks in the area have a calc-alkaline affinity. Eskay Creek is related to the younger event, which 

is characterized by a bimodal volcanic sequence consisting of a primitive, tholeiitic, highly fractionated 

rhyolite. The rhyolite, which returned a U-Pb age of 175 ± 2 Ma (Childe, 1996), is overlain by a sequence 

of tholeiitic basalt intercalated with argillite. This sequence represents the last stages of arc-related 

volcanism prior to the development of a marine basin and accumulation of marine sediments of the 

Bowser Lake Group (Barrett and Sherlock, 1996). Evidence for syndepositional faulting and the 

development of linear rhyolite flow domes along strike from the Eskay Creek deposit suggest that an 

extensional environment existed at the time of bimodal volcanism (Edmunds et al., 1994; Lewis, 1995; 

Macdonald et al., 1996). Barrett and Sherlock (1996) suggested tholeiitic volcanism may mark deep-

seated faulting that allowed ascent of primitive magmas from the upper mantle and that the footwall 

rhyolite may have formed either by fractionation of mafic magma that ponded in the upper crust, or by 

partial melting of tholeiitic crustal rocks. 

Stratiform sulfides and sulfosalts in the Eskay Creek deposit are hosted in argillite at the contact 

between rhyolite and overlying basaltic volcanic rocks. This argillite horizon, referred to as the "contact 

argillite", reflects a hiatus in volcanic activity. Increased thickness of the argillite is coincident with the 

stratiform orebodies and accumulations of volcaniclastic rhyolite in the footwall sequence, and occurs 

between two major fault structures suggesting formation of a graben adjacent to synvolcanic faults 

(Pumphouse and Andesite Creek faults; Figs. 3.3 and 6.2). The carbonaceous nature of the argillite, the 
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Figure 6.2: Plan view of resource and reserve models in the Eskay Creek #21 Zone. Average gold and 
silver grades are shown for each zone. Metal ratios for silver to gold, gold to total base 
metals, and gold to 'epithermal suite' elements (Hg and Sb) are shown for each zone, where 
available. Values in brackets after Au and Ag grades in the 21 A, 21C and Pumphouse zones 
are Ag/Au ratios for each ore-type in the subzone. Combined metal ratios are shown for the 
Pumphouse zones. Data were not available for some zones (n/a) but expected ratios relative 
to the other zones are given (i.e. high, moderate (mod.), and low). Gold to base metal and 
epithermal element ratios in the East Block are similar to those in the NEX zone. 
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absence of oxidized sulfides, and the limited distribution of barite in the Eskay Creek deposit suggest 

reduced conditions existed at least locally within the basin. 

Regional deformation during the mid-Cretaceous resulted in folding of the Eskay Creek mine 

stratigraphy into an open, upright anticline that plunges gently to the north. Metamorphic grade in the area 

is lower greenschist facies. Northwest trending faults, as well as north to northeast axial planar faults, cut 

the sequence. Movement along the synvolcanic faults was reactivated during this later deformation 

(Lewis, 1995). Although the stratiform ore lenses have suffered small-scale disruptions and folding, the 

overall geometry and stratigraphic relationships in the deposit are well preserved. Primary textures in the 

sulfides and sulfosalts are also well preserved and document the mineralization history of the deposit. 

Evolution of the Eskay Creek Hydrothermal System 

The observations presented in the preceding chapters document the genetic history of the 

subzones that comprise the Eskay Creek deposit (Fig. 6.2) and the evolution of the hydrothermal system. 

The subzones are defined by their differing mineralogy, texture, metal grades, metallurgical 

characteristics, and stratigraphic and spatial distribution. These differences reflect changes in the 

depositional environment and the chemistry of the ore-forming fluids. Ore occurs mainly in stratiform 

lenses that formed by seafloor exhalative, sedimentary transport, and hydrothermal replacement 

processes, and within discordant stockwork zones that were conduits for the hydrothermal fluids. The 

bulk of the ore is hosted in the 21B, East Block and NEX zones, with significant reserves in the HW, 109, 

21C, and Pumphouse zones. The unusual As-Sb-Hg-rich 21A zone is subeconomic. Characteristics of 

these subzones are detailed in chapters 2 (Roth et al., 1999) and 3, and are summarized briefly below. 

The distribution and geologic relationships between the subzones indicate that the deposit formed 

as a result of two hydrothermal events that both occurred during the hiatus between rhyolitic and basaltic 

volcanism (Fig. 6.3). The earlier event (stage I) resulted in formation of stratiform sulfide-sulfosalt lenses 

at the base of the contact argillite. These include the 21B, East Block, NEX, Pumphouse-contact, and 

21E zones, and are collectively referred to as the 'lower stratiform zones'. The later hydrothermal event 

(stage II) formed stratigraphically higher stratiform barite and sulfide-rich lenses in the middle to upper 

contact argillite, and include the 21C and HW zones respectively. Timing of the lower 21 C-rhyolite and 

21C-contact zones is uncertain and may be related to either stage of hydrothermal activity, although the 
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Figure 6.3: Genetic history of the Eskay Creek deposit showing relative timing of major depositional 
events, as indicated by geologic and textural relationships. Two periods of hydrothermal 
activity are represented by 'Stage I' and 'Stage II'. The relative timing of some events is 
poorly constrained, but proposed periods of activity are shown as dashed lines. Dominant 
minerals associated with each stage are shown relative to the major subzones. Schematic 
temperature profiles are given for the hydrothermal fluids in each stage. Maximum 
attained temperatures are higher in zones where replacement textures dominate. 
Overprint by low-temperature minerals (PbSS, ST, Cl) occurs only where temperature of 
venting fluids decrease gradually. (Abbreviations: BA = barite; Cl = cinnabar; CP = 
chalcopyrite; EL = electrum; GL = galena; PbSS = lead sulfosalts; PY = pyrite; QZ = 
quartz; RE = realgar; SL = sphalerite; ST = stibnite; TT = tetrahedrite) 
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absence of syngeneic textures in the 21C-contact zone suggests deposition by veining and replacement 

at the rhyolite-argillite contact during stage II. The As-Sb-Hg-Au-rich 21A zone occurs at the same 

stratigraphic horizon as the lower stratiform zones, but its timing is poorly constrained. The presence of a 

realgar vein cutting the southern end of the 21B zone indicates the realgar-rich 21A zone must postdate 

clastic sulfide deposition in the 21B zone. The composition and mineralogy of the 21A zone suggests that 

it formed from As-Sb-Hg-rich fluids that may also have precipitated stibnite and cinnabar in the central 

21B zone during the latest stages of stage I. 

Lower Stratiform Lenses (Stage I) 

Mineralization commenced during a period of quiescent sedimentation, after intrusive and 

extrusive rhyolitic volcanic activity ceased. Synvolcanic faults resulted in the formation of 

paleotopographic basins or grabens and provided access for hydrothermal fluids to the seafloor. At the 

onset of hydrothermal activity, early, low temperature, metal-poor fluids vented to the seafloor near the 

centre of the present location of the 21B zone and reacted with seawater sulfate to form a small barite-

rich mound (Fig. 4.1). As the fluids heated, they carried metals to the seafloor to form sulfides dominated 

by sphalerite, tetrahedrite, galena and pyrite with minor electrum and probably formed chimney structures 

similar to those observed on the modern seafloor (see Chapter 4). 

The variable nature of the lower stratiform zones suggest that multiple vent sites must have been 

active at this time, similar to those observed in the Jade Hydrothermal field (Halbach et al., 1993), in the 

Lau Basin (Herzig et al., 1993), and at Axial Seamount in the Southern Juan de Fuca Ridge (Butterfield et 

al., 1990). Distribution of sulfides and alteration minerals suggest that the Pumphouse Fault Zone, which 

forms the eastern margin of the main depositional basin, was a synvolcanic structure and the primary 

conduit for hydrothermal fluids. Although not sharply defined, oblique structures may have intersected the 

Pumphouse Fault and localized ascending hydrothermal fluids to form focussed vent sites. Discrete vent 

sites are indicated near the centre of the 21B zone (see chapter 4 for discussion), in the East Block, and 

in the Pumphouse Zone. The presence of clastic sulfides in stratigraphically coeval subzones at the base 

of the contact argillite (21B, East Block, NEX, 21E and Pumphouse-contact zones) suggests that these 

zones formed contemporaneously during the early stages of sedimentation in the basin. Although no 

stratiform sulfides directly overlie the 109 zone stockwork veins, it was certainly a conduit for 
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hydrothermal fluids and may have deposited sulfides on the seafloor that were eroded and redeposited as 

clasts in the southern NEX zone. 

Periodic fragmentation of chimney and mound structures at the 21B zone vent, and efficient 

clastic transport away from the vent site, resulted in well-bedded, and commonly graded, sulfides and 

sulfosalts. Fine-grained sediments continued to deposit in the basin as mineralization progressed, 

resulting in unmineralized argillite alternating with clastic sulfide-sulfosalt-rich beds in the 21B zone. 

These coarse clastic sulfide beds provided permeable horizons for lateral flow of hydrothermal fluids, 

resulting in deposition of sulfides, sulfosalts and electrum in the matrix between clasts (Fig. 6.4). As the 

hydrothermal system waned, seafloor venting and clastic sulfide-sulfosalt deposition ceased, and cooler 

fluids deposited mainly lead sulfosalts and associated electrum in the accumulated permeable clastic 

sulfide pile. During the latest stages of hydrothermal activity in the 21B zone, fluids deposited stibnite, and 

finally cinnabar, in veins and replacement zones that overprint the central part of the orebody. These late 

fluids are not associated with deposition of precious metals. Widespread lateral migration of the later 

fluids would have been restricted by reduced permeability due to precipitation of minerals during earlier 

stages of hydrothermal overprint. The mineralogy and paragenetic sequence observed in the 

Pumphouse-contact and 21E zones are similar to that observed in the 21B zone and suggest that they 

formed contemporaneously from the same hydrothermal system. 

The East Block vent was located north of the source vent for the 21B zone along the Pumphouse 

Fault Zone, and flanks the northeastern part of the clastic 21B ore. As in the other lower stratiform zones, 

early stage I fluids deposited mainly sphalerite, tetrahedrite, galena and pyrite. However, these sulfides 

were not transported away from the vent site. As mineralization progressed, sulfides near the base of the 

mound were replaced with a more chalcopyrite-rich assemblage by an upward zone refining process 

(Large, 1977; Franklin et al., 1981; Lydon, 1988; Large et al., 1989; Large, 1992). The resulting mineral 

assemblages grade from massive pyrite in the footwall, upwards into stratiform chalcopyrite-sphalerite-

pyrite-galena overlain by sphalerite-tetrahedrite-galena-pyrite (Fig. 6.4d). 

Textures in the NEX zone range from clastic to massive and are locally dominated by vein and 

stringer zones. Clastic textures are restricted mainly to the southern portion of the subzone and, as 

suggested above, may have originated from sulfides originally deposited above the 109 zone. The 

mineral assemblage in the eastern half of the NEX zone is similar to that of the East Block and may have 
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igure 6.4: Genetic model for subzones in the Eskay Creek deposit. Stage I shown on previous page, 
stage II is shown on this page. Figures (a) to (c) show clastic deposition and hydrothermal 
overprint in the 21B zone as temperatures decrease: (a) Hydrothermal fluids vent to the 
seafloor, are fragmented, and deposited in the 21B basin. Laterally migrating fluids 
precipitate mainly tetrahedrite and sphalerite in the matrix to clastic beds, (b) Venting ceases 
but gradually cooling hydrothermal fluids continue to migrate along permeable clastic 
horizons and precipitate Pb-sulfosalts and electrum. (c) Late-stage, cool fluids precipitate 
stibnite, followed by cinnabar, near the site of ascending fluids only. Hg-rich reaction rims 
form on earlier sulfides, (d) In the East Block, sulfides formed during early stages of venting 
were not transported from the vent site and are therefore replaced by higher temperature 
minerals near the base of the zone as hydrothermal activity continues, (e) After a hiatus in 
hydrothermal activity, stage II fluids begin ascent in 21C zone area, precipitating mainly Au in 
the footwall rhyolite, sphalerite, galena and pyrite at the rhyolite-argillite contact, and barite-
calcite at the seafloor. (f) Formation of the HW zone mainly by replacement below a barite-
calcite-rich cap. (Legend is shown on previous page.) 
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formed at least partly from fluids ascending along the Pumphouse Fault zone to the north of the main 

East Block vent site. Chalcopyrite-rich stringers cut much of the NEX zone, indicating late, higher 

temperature, hydrothermal fluids migrated upwards through the lens, ascending along fault structures in 

the footwall. These late stringers are most likely related to the stage II hydrothermal activity, which formed 

the overlying HW zone (Fig. 6.4f). 

Upper Stratiform Lenses (Stage II) 

After the first hydrothermal event waned and ceased, sedimentation continued and buried the 

lower stratiform zones in several metres of mudstone. Stage II commenced with the formation of the 21C-

barite zone along a linear structure near the west side of the depositional basin, at a stratigraphically 

higher level than the 21B zone. Metal-poor, barium-rich fluids vented to the seafloor to form stratiform 

barite, indicating that bottom waters were sufficiently oxidized to form sulfate. Metals may have been 

depleted prior to reaching the seafloor by deposition in the footwall rhyolite and as crosscutting stringers 

and fine-grained disseminations at the contact between rhyolite and argillite. As the system heated, fluids 

ascended to the seafloor mainly near the north end of the deposit, in the vicinity of the NEX zone, 

perhaps along a northern extension of the 21C feeder structure as well as the Pumphouse Fault Zone. 

Massive barite-calcite near the top of the HW lens indicate deposition at the seafloor, although 

replacement textures in the pyrite-sphalerite-galena-chalcopyrite-rich HW sulfide lens suggest that sulfide 

deposition may have occurred, at least partly, below the seafloor. 

As stage II waned, the onset of basaltic volcanism buried the deposit. Weak alteration in the 

basaltic rocks (Macdonald et al. 1992; Barrett and Sherlock, 1996) suggests hydrothermal activity had 

essentially ceased prior to the onset of extrusive volcanic activity. 

Chemical Constraints on the Ore-forming Fluids 

The physicochemical properties of the hydrothermal fluids are the most important controls on 

metal contents, distribution and mineralogy in the deposit. The most significant parameters include 

temperature, pH, salinity, H2S concentrations and redox state of the ore-forming fluids. These affect the 

solubility and transport of metals in solution, and control precipitation mechanisms at the site of 

deposition. 
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Fluid temperature and chemistry 

Thermal and compositional characteristics of the system that formed the Eskay Creek deposit are 

constrained by fluid inclusion and stable isotope studies by Sherlock et al. ( 1 9 9 4 , 1 9 9 9 ) . Fluid inclusion 

data, collected mainly from quartz and sphalerite in the 2 1 B and 1 0 9 zones, indicate that the 

hydrothermal fluid was low temperature (<200°C) and relatively gas-rich. Oxygen isotope ratios from 

quartz separates ( 1 0 . 0 to 13.7%o) and whole-rock analyses of variably altered rocks ( 5 to 13%o), suggest 

that the hydrothermal fluid was dominantly seawater at these temperatures. Salinities calculated from 

fluid inclusion melt temperatures ranged from seawater to over three times seawater values ( 2 . 6 to 1 0 . 7 

wt.% NaCI equivalent, average: 5 . 9 wt.% NaCI). High halogen and cation ratios from fluid inclusion 

leachates suggest that the high salinity fluids could have been derived from a magmatic fluid that mixed 

with circulating seawater. Fluid inclusion petrography and measured gas ratios are consistent with liquid-

vapour phase separation, suggesting at least some boiling occurred in the system (Sherlock et al., 1 9 9 9 ) . 

Alteration in the footwall rhyolite grades from a potassium feldspar and quartz-dominated 

assemblage in the areas surrounding the deposit and near the base of the rhyolite, to dominantly sericite 

and Mg-chlorite in the immediate footwall of the deposit (Fig. 6 . 4 ) . Finely disseminated pyrite is 

ubiquitous. The most intense, pervasive, Mg-chlorite (clinochlore) and sericite alteration forms a 

semiconformable tabular zone coincident with an accumulation of more permeable volcaniclastic rhyolitic 

rocks immediately below the 2 1 B zone. Significant Mg-chlorite formation, which locally completely 

replaces the rhyolite protolith, occurs laterally adjacent to the centre of hydrothermal upflow along the 

Pumphouse Fault zone and suggests seawater infiltrated the upper part of the hydrothermal system for a 

sustained interval (Barrett and Sherlock, 1 9 9 6 ) . According to the advection model, summarized by 

Franklin ( 1 9 9 5 ) , cold, reduced, seawater may be drawn down into permeable areas and react with wall 

rocks to form Mg-chlorite. If the bottom waters are oxidized, magnesium may be lost to formation of Mg-

hydroxysulphate and precipitation of anhydrite may be expected as the seawater is rapidly heated. 

Therefore, absence of these minerals provides indirect evidence for a reduced basinal environment. 

Sericite was the main alteration phase associated with ascending hydrothermal fluids and 

suggests the fluids were acidic relative to more neutral fluids associated with potassium feldspar 

alteration in the surrounding area (Barrett and Sherlock, 1 9 9 6 ) . Absence of kaolinite or other clay 

minerals in the alteration assemblage indicates that the pH of the fluids was not as acidic as fluids 
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associated with high-sulfidation gold-rich VMS deposits described by Sillitoe et al. (1996) and Hannington 

et al. (1999). At 200°C, the pH of the fluid would have been between 4 and 5 (Fig. 6.5). 

The mineralogy of the Eskay Creek orebodies is also indicative of physicochemical conditions in 

the ore-forming fluid. Relative temperature profiles associated with the mineralogy observed in each of 

the zones are shown in Figure 6.3. The presence of tetrahedrite, absence of chalcopyrite, and abundance 

of later lead sulfosalts in the 21B zone are characteristic of formation from fluids at relatively low 

temperatures, analogous to the uppermost parts of many Zn-Pb-(Cu)-Ag-Au deposits (Ohmoto and 

Skinner, 1983; Large et al., 1989; Large, 1992; Hannington et al., 1991,1999). Conversely, the presence 

of chalcopyrite in the lower stratiform portion of the East Block and in the HW zone suggest that fluids 

reached higher temperatures (-250 to 300°) in these areas. 

The absence of pyrrhotite and ubiquitous presence of pyrite in the mineral assemblage constrain 

the oxidation state sulfur activity in the ore forming fluid, as discussed by Large (1977,1992). Systems in 

equilibrium with pyrite typically have higher f0 values and higher activity of H2S than systems in 

equilibrium with pyrrhotite. At constant fs2, the presence of pyrite is consistent with lower temperatures of 

formation relative to pyrrhotite. 

Iron contents in sphalerite vary as a function of temperature, sulfur activity, pressure and FeS 

activity in the solution and therefore provide a means of estimating the sulfidation state in hydrothermal 

fluids (Scott and Barnes, 1971; Barton and Skinner, 1979; Hannington and Scott, 1989b). At constant fs2 

and pressure, and when in equilibrium with pyrite, FeS contents in sphalerite decrease with decreasing 

temperature. If temperature remains constant, FeS contents decrease with increasing fs2- Calculated fs2 

values for the average 21B zone fluids range from 10'18 6 at 150°C to 10'14 7 at 200°C. If fs2 was similar 

during formation of both the 21B and HW zones, higher FeS sphalerite measured in the HW zone 

provides evidence of higher temperatures of sphalerite formation (-215 to 220°C) (see Chapter 3 for 

discussion) although fluids may have reached higher temperatures (>~250 - 300°C) during precipitation 

of chalcopyrite (Figs. 6.3 and 6.5). 

The absence of barite from the bulk of the ore suggests that the hydrothermal fluids were reduced 

and vented into a reduced basinal environment, at least during most of stage I. The extreme insolubility of 

barite results in precipitation wherever barium-rich hydrothermal fluids encounter sulfate, such as in 
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oxygenated seawater. The presence of barite at the base of the 21B zone indicates bottom waters were 

oxidized during the earliest stages of the first hydrothermal event. The basin likely became reduced as a 

result of venting reduced hydrothermal fluids and deposition of organic-rich sediments within an area of 

restricted circulation. Near the end of the first hydrothermal event, fluids became more oxidized, as 

indicated by barite associated with late cinnabar veins in the 21B zone. By the onset of stage II, bottom 

waters were oxygenated and seawater sulfate was available for formation of baritic stratiform lenses of 

the 21 C-barite zone and at the top of the HW zone. 

Source of Metals and Sulfur 

Possible sources of metals in VMS deposits has been studied by several researchers and are 

reviewed by Franklin et al. (1981), Large (1992) and Franklin (1995). Suggested alternatives include 

leaching from the footwall volcanic pile and related rocks, at deep or shallow levels, direct contribution 

from the magmatic system related to volcanism, or a combination of these processes. Sulfur may be 

derived from similar sources, or possibly by reduction of seawater sulfate. The spectacular enrichment of 

precious metals and associated epithermal elements in the Eskay Creek deposit, compared to other gold-

rich VMS deposits, suggests that greater concentrations of gold were transported in the hydrothermal 

fluids and efficiently deposited on the seafloor. 

Isotopic evidence for the origin of the metals at Eskay Creek is equivocal. Lead isotope studies by 

Childe (1996) are consistent with an Early or Middle Jurassic source, which may represent leaching from 

the footwall stratigraphy, or direct input or leaching from an intrusion at depth. 

Sulfur isotope analyses of the ore sulfides, averaging -1.3%o, are consistent with an igneous sulfur 

source, either through leaching of the volcanic pile, direct magmatic origin, or a combination of the two 

(Sherlock et al., 1999; Chapter 5, this study). The narrow range in isotopic composition suggest that 

bacterial or inorganic reduction of seawater sulfate did not contribute significantly to the sulfur budget in 

the system. Reduction reactions are sluggish at temperatures below 300°C (Ohmoto and Lasaga, 1982; 

Taylor, 1987) and conditions would have had to remain remarkably constant to achieve such consistent 

isotopic signatures. Therefore, the ascending hydrothermal fluids must have carried sufficient reduced 

sulfur to form the sulfides and sulfosalts at the seafloor. 
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The near-seawater composition of hydrothermal fluids determined by fluid inclusion analyses is 

consistent with a seawater circulation leaching model. Studies of massive sulfide districts have shown 

that leaching of volcanic rocks by circulating seawater could provide an adequate source for metals within 

a reasonable volume of rock surrounding the mineral deposits (e.g., Taylor and South, 1985; Stoltz and 

Large, 1992). Stoltz and Large (1992) measured anomalous gold contents in tholeiitic basaltic rocks in 

the stratigraphy of the Mount Read belt of Tasmania, and suggested that these may have contributed to 

the enriched gold contents in deposits in that area such as Que River, Rosebery, Hercules and Hellyer 

via leaching. Significant volumes of basaltic rocks are not present in the Jurassic section in the Eskay 

Creek region, however, and therefore alternative source rocks would be required to satisfy a leaching 

model. 

Huston (2000) suggested that boiling in the subseafloor reaction zone where metals are leached 

could produce H2S and C02-rich fluids from the volatile phase that may efficiently transport gold as sulfide 

complexes. This mechanism of gold enrichment has been proposed for separation of fluids beneath the 

Axial Seamount where base metal-rich and gold-rich fluids are venting simultaneously at adjacent sites 

(Butterfield et al., 1990). However, condensed fluids from the volatile phase would have a low salinity. 

Fluid inclusion data from Eskay Creek is consistently similar to or above seawater salinity, suggesting the 

ore fluids did not mix with a lower salinity fluid in the system, and therefore do not support this model. 

Evidence for direct contribution from magmatic sources is difficult to constrain because it may be 

obscured by mixing with large volumes of circulating seawater, which effectively neutralize the magmatic-

derived fluids and leave little or no record of their presence (Sillitoe, 1995; Sillitoe et al., 1996; Scott, 

1997; Hannington et al., 1999). Metals and sulfur in the ore fluids may reflect a mixture of both a 

magmatic-hydrothermal source and leaching by convection of seawater dominated fluids (Stanton, 1990; 

Large, 1992). Large (1992) suggested more soluble metals (Zn, Pb, Ba, Ag, As, Sb, Hg ± Au) in 

Australian VMS deposits may have been principally leached from the volcanic pile by seawater 

convection at relatively low temperatures, whereas less soluble metals (Cu ± Au) may have been 

introduced at high temperatures directly from a magma chamber. 

Barrett and Sherlock (1996) show that the tholeiitic bimodal volcanic rocks hosting the Eskay 

Creek deposit are chemically distinct from underlying and laterally equivalent calc-alkaline Hazelton 
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Group arc rocks and from host rocks associated with other VMS camps such as Buttle Lake, British 

Columbia and the Kuroko district of Japan. The Eskay rhyolite has a strongly fractionated trace element 

signature and an unusually low Ti0 2 content (Rye, 1992; Edmunds and Kuran, 1992; Macdonald et al., 

1992; Barrett and Sherlock, 1996). Rare earth element patterns and Zr/Y ratios are similar to Fill-type 

rhyolites, defined by Lesher et al. (1986), that host most of the Archean VMS deposits in greenstone belts 

of the Canadian Shield (Barrett and Sherlock, 1986). The spatial association of these chemically distinct 

volcanic rocks to this unusual polymetallic deposit suggests they may have an important relationship to 

the formation of the deposit whether via direct or indirect paths of metal contributions to the hydrothermal 

system. Gas ratios in high salinity fluid inclusions at Eskay Creek are compatible with a contribution from 

magmatic fluids (Sherlock et al., 1999). 

Metal transport 

Metal transport in hydrothermal systems related to VMS deposits has been reviewed by several 

researchers, including Franklin et al. (1981), Huston and Large, (1988), Large et al. (1989), Large (1992), 

and Hannington et al. (1991; 1995). Metal speciation in ore-forming fluids affect how the complexes 

respond to changes in the physicochemical conditions in the hydrothermal system and therefore provide 

important controls on precipitation, mineral assemblages and metal ratios in the resulting deposits. 

It is generally accepted that base metals in VMS systems are transported dominantly as chloride 

complexes over a broad range of conditions, and their solubility decreases significantly with decreasing 

temperature and increasing pH of the hydrothermal fluids (Large, 1977; Franklin et al. 1981; Barrett and 

Anderson, 1988; Large et al., 1989). At temperatures less than 200°C, solubility of Cu-chloride complexes 

are significantly lower than that of Zn and Pb complexes and this is reflected in the Zn-Pb-rich character 

of the 21B zone (Fig. 6.1). Strong temperature controls on solubility of these metals control the process of 

zone refining within many massive sulfide deposits, where Cu-rich sulfides at the base grade upwards to 

cooler Zn-Pb±Ag±Au-rich assemblages towards the upper and outer margins (Large, 1977; Franklin et al., 

1981; Large et al.,1989; Large, 1992). 

The gold content in VMS deposits is also controlled by solubility of gold complexes and efficiency 

of precipitation at the site of deposition. Mechanisms of transport and deposition of gold in these systems 

are well understood and have been described by Huston and Large (1989), Large et al. (1989); 
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Hannington and Scott (1989a), Hannington et al. (1999), and Huston (2000). Gold and base metal 

solubility as a function of temperature are summarized in Figure 6.5. In fluids typical of VMS deposits, 

gold is transported as an aqueous sulfide thiocomplex (Au(HS)2) at temperatures less than 280°C under 

most pH conditions (Huston and Large, 1989; Seward and Barnes, 1997; Wood and Samson, 1998). 

Solubility of gold as Au(HS)2 in fluids typical of these systems is highest at temperatures below about 

250°C and reaches a maximum near 150°C in near neutral fluids (Large, 1992; Hannington et al., 1999; 

Huston, 2000). A 'gold-solubility trough' occurs between about 250 and 300°C, and at higher 

temperatures (>300°C), gold is transported dominantly as a chloro-complex (Large et al., 1989; Huston 

and Large, 1989; Large, 1992; Hannington et al., 1999). Therefore, low-temperature (<200°C) ore fluids 

that formed the high-grade Eskay Creek deposit provided optimal conditions for transport of gold to the 

seafloor. 

Controls on silver in VMS deposits have not been studied as extensively as gold. Transport as 

sulfide or chloride complexes is dependant on the salinity, H2S content, temperature and pH of the fluid 

(Gammons and Barnes, 1989; Huston and Large, 1988; Huston et al., 1988). In typical volcanogenic 

fluids above 200°C, Ag is transported mainly as AgCI2 (Seward, 1976; Huston et al., 1996). At lower 

temperatures, higher H2S concentrations, and/or lower salinities, silver thiocomplexes (Ag(HS)2) are 

dominant (Huston and Large, 1987; Gammons and Barnes, 1989). The relatively low temperature 

conditions indicated for the Eskay Creek ore-forming fluids are very close to the boundary between fields 

dominated by each of these ligands. Silver has a strong positive correlation to Zn, Pb and Cu in the 

orebodies and a much weaker correlation with Au (Chapter 3). This may suggest that silver is dominantly 

transported as AgCI2 and therefore precipitates with other chloro-complexed metals. Variations in Ag:Au 

ratios between the stratiform subzones (Fig. 6.2) may reflect change from transport dominantly as AgCI2 

to dominantly as Ag(HS)2 at lower temperatures. 

The abundance of elements commonly associated with the upper, cooler, parts of epithermal 

systems (Sb, Hg and As) reflect the low temperatures of formation in the Eskay Creek deposit. 

Thermodynamic characteristics of these elements are not well understood, however As and Sb are 

known to form stable complexes under conditions favourable for transport of Au(HS)2 and are therefore 

commonly associated with Zn, Au, Ag and Pb-rich sulfides on the modern seafloor (Hannington et al., 
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1991; Herzig and Hannington, 1995). Wood and Samson (1998) suggest that Sb and As are most 

commonly transported as hydroxide complexes, Sb(OH)3 and H 3As0 3 respectively, in low-sulfide 

solutions, although sulfide-complexes may become important at relatively high sulfide concentrations. 

Mercury may be transported in the hydrothermal fluids as sulfide complexes or in the volatile phase as 

Hg ( g ) (Barnes and Seward, 1997; Wood and Samson, 1998). 

Precipitation mechanisms 

Sulfides are efficiently precipitated at or near the seafloor by cooling, mixing with seawater and/or 

boiling, which result in rapid changes in the physicochemical conditions in the hydrothermal fluid. These 

processes have been discussed extensively by numerous authors and are summarized by Large (1977; 

1992); Barton and Skinner (1979) Franklin et al. (1981), Ohmoto et al. (1983), Ohmoto (1996), Wood and 

Samson (1998). Geochemical models for enrichment of gold in VMS deposits have been discussed 

extensively by Hannington et al. (1986,1995, 1999), Huston and Large (1988, 1989), Hannington and 

Scott (1989a), Large et al. (1989), Hayashi and Ohmoto (1991), Huston et al. (1992), Sillitoe et al. (1996), 

and Huston (2000). Mechanisms that may be important at Eskay Creek are reviewed briefly below. 

Cooling and dilution by mixing with seawater 

Chloride complexes precipitate in response to decreased temperatures, increased H2S, increased pH and 

decreased concentration in chloride. Base metal and silver-chloride complexes are therefore efficiently 

precipitated from hydrothermal fluids at or near the seafloor due to rapid cooling by mixing with seawater 

(Wood and Samson, 1998). Precipitation of epithermal elements is also largely governed by decrease in 

temperature (Spycher and Reed, 1989). Evidence of seawater infiltration, leading to cooling, is indicated 

by the abundance of Mg-chlorite (clinochlore) in the upper rhyolite. 

Gold deposition may also result from mixing with seawater by cooling (Fig. 6.5) or by oxidation 

and decrease in H2S, according to the reaction: 

Au(HS)2'+ 2H+=> Au + 2H 2S ( a q ) (6.1) 

Decrease in H2S as the result of mixing with seawater may result from oxidation of H2S to S0 4 ' 2 , 

deposition of base metal sulfide minerals, and dilution. Oxidation was probably not an important 

mechanism at Eskay Creek if the fluids are venting into a reduced basin, as suggested by the absence of 

barite in the 21B mineral assemblage. Gold deposition due to temperature decrease and decrease in 
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sulfur by precipitation of sulfides were probably the dominant precipitation mechanisms when the 

hydrothermal fluids encountered seawater. 

Boiling 

Phase separation (boiling) is an effective mechanism for precipitation of metals transported as 

sulfide complexes and may be an important control on the enrichment of precious metals in the Eskay 

Creek deposit. Fluid inclusion data are consistent with at least some boiling in the system (Sherlock et al., 

1999). 

Gold is efficiently precipitated in response to loss of H2S to the volatile phase according to 

reaction 6.1. Boiling is less effective for precipitation of metals transported as chloride complexes, 

although they may be precipitated in response to increased pH in the system due to loss of C0 2 by the 

following reactions: 

HC03" + H + => C0 2 + H 20 (6.2) 

H+ + HS" => H2S (6.3) 

and therefore, 

ZnCI2" + H2S => ZnS + 2H+ + 2Cl" (6.3) 

Similar reactions apply for Pb, Cu and Ag-chloro complexes. If the boiling fluids are acidic, however, then 

decrease in pH by dissociation of HCI and HS0 4 during boiling may be greater than the increase in pH 

due to loss of C 0 2 and base metals may not be precipitated (Reed, 1992). Loss of H2S to the volatile 

phase greatly diminishes the availability of sulfur for precipitation of base metal sulfides. Therefore, 

boiling typically results in greater gold to base metal ratios in the precipitate. 

If Sb and As are transported significantly as sulfide complexes, they would behave similarly to 

gold in response to boiling. Absence of significant As in the 21B zone may suggest that either the fluids 

are inherently As-poor or arsenic is not transported as a sulfide complex in the system. Mercury 

fractionates strongly into the volatile phase during boiling (Barnes and Seward, 1997; Wood and Samson, 

1998) and therefore does not correlate with metals deposited at this stage (Chapter 3). 

Boiling in the Eskay Creek system may have been important not only for efficient precipitation of 

gold, but also as a mechanism for local pressure increase due to accumulation of volatiles in sealed 
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conduits that led to small-scale hydrothermal eruption and fragmentation of the seafloor sulfides, as 

discussed in Chapter 4. Phase separation is constrained by the two-phase pressure-temperature curve 

for seawater, which dictates the maximum water depth at which fluids can boil (Finlow-Bates and Large, 

1979; Hannington et al., 1999). Therefore, a shallow water environment may be important for boiling to 

occur in low temperature systems such as Eskay Creek. Fluids with high gas contents, however, may boil 

at greater water depths than fluids of typical seawater composition. Sherlock et al. (1999) suggest the 

best estimate of water depth for the Eskay Creek system is about 1500 metres, based on fluid pressures 

calculated from fluid inclusion data, although the actual water depth may be shallower if boiling occurred 

in the subseafloor or if pressures reflect transient overpressuring in sealed conduits. 

Reduction of the fluids 

Reduction may be an important mechanism in the deposition of gold and silver in the Eskay 

Creek deposit, at least locally. Fluids may be reduced by interaction with rocks rich in organic matter, 

which results in increased H2, and therefore a reduction in 0 2 as equilibrium is established with H20. As 

described by Hayashi and Ohmoto (1991), this reaction can be expressed as: 

"CH20" ( s ) + H 20 = C 0 2 ( g ) + 2H 2 ( a p ) (6.4) 

where CH 20 represents a simple organic compound. Then precipitation of gold is driven by the reaction: 

2Au(HS)2" + H2 + 2H+ => 2Au° + 4H2S (6.5) 

Sulfide deposition and precious metal enrichment 

Variations among the closely-spaced subzones in the Eskay Creek deposit demonstrate the 

effects of physical and chemical controls on mineralogy and grade at the site of deposition. Precious 

metal grades and metal ratios for each subzone are shown in Figure 6.2. Although many of the stratiform 

zones formed contemporaneously from the same hydrothermal fluids, differences in depositional history 

have resulted in differing textures and mineralogy. 

The paragenesis of the mineralogy in the deposit records the thermal history in each of the 

subzones. Proposed thermal profiles for several subzones in the deposit are summarized in Figure 6.3 

and are discussed below. 
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Vein and disseminated sulfides and gold enrichment 

High grades of gold occur in the footwall rhyolite within the 109 stockwork zone and in the 21C-

rhyolite zone, but are not extensive within the Pumphouse Fault zone. Concentrations of gold are rare 

below the rhyolite horizon, suggesting deposition and boiling was restricted to within about 100 metres 

below the seafloor. 

109 Zone 

At least four generations of veins and veinlets are recognized in the 109 zone (Chapter 3). Early 

veinlets are dominated by pyrite and are cut by sulfide-rich veins consisting of pyrite, sphalerite, galena 

and minor chalcopyrite. These base-metal rich veins are relatively gold and silver-poor and have chlorite-

rich alteration envelopes. They may have precipitated as the result of cooling by mixing with Mg-rich 

seawater. Gold in the 109 zone is mainly associated with late-stage quartz - sphalerite - pyrite -

electrum and quartz-electrum veinlets. The earlier of these two vein types is associated with a fine

grained quartz and amorphous carbon alteration envelope. Precipitation of gold in these veins may have 

been controlled by cooling and some boiling of low temperature fluids, as indicated from fluid inclusion 

evidence. Late-stage boiling in the 109 zone may reflect a localized reduction in confining pressure due to 

tectonic activity. The origin and role of amorphous carbon in the system is not understood, but could have 

acted as a reducing agent for precipitation of gold in the system. 

21 C-rhyolite zone 

Fluid inclusion or isotopic evidence are not available for the 21C zone. The mineralogy and 

spatial distribution of the zones suggest that low temperature fluids were channeled along a steeply 

dipping zone of permeability and deposited fine-grained gold and minor sulfides in the footwall rhyolite. 

Clastic sulfides and sulfosalts 

Combination of boiling and rapid cooling by seawater mixing allowed sulfides, sulfosalts and gold 

to be efficiently precipitated together at the vent site from the low temperature hydrothermal fluids. This 

produced Zn-Pb-Au-Ag rich deposits on the seafloor during early stage I (Figs. 6.3 and 6.4). Clastic 

fragments consisting dominantly of sphalerite - galena - tetrahedrite - pyrite and minor electrum, found 

in most of the lower stratiform zones, constrain the chemistry of the early hydrothermal fluids. Subsequent 

overprint by continued hydrothermal activity affected the final base and precious metal grades of each 

subzone. 
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21B Zone 

The 21B zone is the largest and most precious metal-rich subzone in the Eskay Creek deposit 

and is dominated by bedded clastic sulfides and sulfosalts, consisting of the early sulfide assemblage 

listed above, and overprinted by later hydrothermal activity. Silver is hosted in tetrahedrite and electrum. 

The presence of electrum as inclusions within sphalerite in sulfide-sulfosalt clasts and absence of gold in 

the footwall of the 21B zone vent area, within the Pumphouse Fault zone, suggests that boiling occurred 

at or very close to the seafloor during this early stage of mineralization. If gold was present in the footwall, 

it may have been leached and remobilized during later stages of hydrothermal activity. 

The chemistry of sphalerite, tetrahedrite and electrum in the 21B zone are relatively consistent in 

a vertical profile through the clastic sequence (Chapter 3, Fig. 3.30), indicating conditions in the 

hydrothermal fluids did not vary substantially during the period of venting and fragmentation that formed 

the sulfide-sulfosalt beds. Changes in temperature, pH, sulfur activity, or redox conditions of the fluids 

would be reflected in changing FeS content in sphalerite, and variations in Ag and Sb in tetrahedrite. 

Slight increase in the atomic ratio of Fe and decrease in Zn in tetrahedrite toward the top of the orebody 

may suggest decreasing Zn concentrations in the fluid towards the later stages of venting, perhaps as the 

system began to cool. The process of periodic fragmentation and transport of the sulfide-sulfosalt clasts 

away from the vent site is essential to maintain constant temperatures in the hydrothermal system and 

therefore maintain optimal conditions for transport and deposition of gold together with a low-temperature 

sulfide-sulfosalt mineral assemblage. Boiling was not necessarily continuous. 

Coarse-grained clastic sulfide and sulfosalt beds accumulating in the basin adjacent to the vent 

site were permeable and therefore provided a path for ascending hydrothermal fluids to migrate laterally 

along the beds (Fig. 6.4). Migrating fluids may have mixed with seawater in the sediments, and porewater 

of the coarser clastic beds, and precipitated mainly silver-rich tetrahedrite, sphalerite ± electrum in the 

matrix of the sulfide-sulfosalt beds and thereby upgraded the precious metal content relative to the 

primary clastic sulfide accumulation. The limited extent of a hydrothermal signature in the sulfur isotopic 

composition of pyrite adjacent to the orebodies indicates that the hydrothermal fluids did not migrate 

significantly beyond the margins of the ore (Figs. 5.11 and 5.12). Temperature of these fluids may have 

decreased as the fluids migrated laterally away from the vent, however, evidence from trends in 

sphalerite or tetrahedrite compositions are obscured by late Hg overprint on these minerals. Somewhat 
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cooler conditions in the migrating fluids are suggested by decreased mean FeS contents in matrix 

sphalerite relative to clastic sphalerite in the same sample (Fig. 3.31). 

As clastic activity ceased and the temperatures in the hydrothermal system began to wane, ability 

to transport base metals would have decreased while solubility of gold as Au(HS)2" increased (Fig. 6.5). 

Precipitation of electrum, together with Pb-Sb-S sulfosalts, significantly upgraded the gold grade of the 

21B zone at this stage. Petrographic observations indicate that the coarsest electrum is associated with 

boulangerite and bournonite in the matrix between sulfide clasts. Efficient deposition of gold at this stage 

may have resulted from both cooling by mixing with seawater in the sedimentary pile as well as reduction 

by reaction with organic material present in the argillite. It is not known whether precious metals were 

added to the system at this stage or if they were remobilized from the footwall or earlier sulfides. The 

extremely high-grade nature of the deposit, however, may suggest that additional gold and silver were 

introduced. 

As the system continued to cool and minerals precipitated in the matrix of the clastic beds, 

permeability decreased and the solubility of Pb decreased relative to Sb. Paragenetically later lead 

sulfosalts became progressively more Sb-rich but have a progressively more restricted distribution near 

the centre of the 21B zone (Chapter 3). At temperatures below about 125°C, solubility of gold decreases 

significantly (Hannington et al., 1999) and solubilities of base metals are very low. Epithermal elements, 

however, remain soluble to these lower temperatures and are precipitated by cooling (e.g., Spycher and 

Reed, 1989). Therefore the latest stages of hydrothermal overprint in the 21B zone are represented by 

precious metal-poor massive stibnite, followed by precipitation of cinnabar in veins and local zones of 

replacement. This late paragenetic sequence reflects the lower saturation of cinnabar compared to 

stibnite (Tunnell, 1964). 

Arsenic minerals such as realgar and orpiment are absent from the 21B zone. Observations and 

chemical modeling of the Broadlands geothermal field in New Zealand by Spycher and Reed (1989) 

showed that precipitation of orpiment is prevented by increased pH and decreased sulfur activity during 

boiling, and enhanced by acidification at low temperatures. Since Sb and As are not transported as 

chloride complexes, these observations are also valid in a seawater dominated VMS system. The 

absence of realgar and orpiment in the 21B zone may therefore reflect a high pH in the late stages of the 

system, or may reflect a low As to Sb ratio inherent to the hydrothermal fluids. 
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Massive sulfides and sulfosalts 

East Block Zone 

The East Block zone occurs adjacent to the 21B zone (Fig. 6.2) but consists dominantly of 

massive sulfides that show an upward mineralogical zonation from chalcopyrite to sphalerite-tetrahedrite-

dominant assemblages within the stratiform horizon. Fluids ascended along the Pumphouse Fault zone, 

north of the 21B zone vent. Local clastic textures in the East Block indicate that early stages of the zone 

are contemporaneous with the formation of the 21B zone. 

Early fluids likely precipitated by the same mechanisms as at the 21B vent site, but extensive 

mechanical disruption of sulfides does not appear to have occurred in the East Block. Because early 

sulfides were not transported away from this vent site, replacement textures dominate and early 

sphalerite and tetrahedrite are progressively replaced by chalcopyrite at the base (Fig. 6.4). This is typical 

of zone refining processes (e.g. Large, 1977; 1992; Lydon, 1988) and indicate that temperatures at the 

base were much hotter than maximum temperatures reached in the 21B zone (Fig. 6.3). As stage I 

waned, this vent site sealed and minerals associated with gradually decreasing temperatures observed in 

the 21B zone were not deposited. 

The differing temperature conditions between the 21B and East Block zones are reflected in their 

Ag:Au ratios (43 and 100, respectively; Fig. 6.2). Absolute average silver grades in the East Block are 

higher than in the 21B (5500 vs. 3000 ppm Ag), while gold grades are lower (55 vs. 70 ppm Au). The 

lower Au grade probably reflects the absence of low temperature hydrothermal overprint in the East 

Block. The increased Ag grades in the East Block may reflect continued precipitation of Ag-rich 

tetrahedrite from AgCI2-bearing fluids near the top of the zone. 

NEX Zone 

The mineralogy of the N E X zone is similar to that of the East Block, although tetrahedrite is less 

abundant. Clastic textures in the N E X are restricted to the south end of the subzone. Massive to banded 

and disseminated sulfides dominate and are overprinted by stringers of tetrahedrite, galena, sphalerite ± 

chalcopyrite. Chalcopyrite-rich stringers are probably related to stage II hydrothermal activity, which 

formed the stratigraphically overlying HW zone. Deposition may have been controlled along structures 

related to the Pumphouse Fault zone, but zone refining is not well developed. 
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Silver grades in the NEX zone are similar to those in the 21B zone, however gold grades are 

somewhat lower, resulting in a slightly higher Ag:Au ratio (Fig. 6.2). The gold to epithermal-element ratio 

(Au/(Sb+Hg)) in the NEX is much higher than that of the 21B zone, reflecting the decreased abundance of 

tetrahedrite or other Sb-bearing minerals. Silver in the NEX is hosted mainly in tetrahedrite, but also 

occurs in minor pyrargyrite, polybasite, acanthite and native silver. As in the East Block zone, the NEX 

was not overprinted by late-stage low temperature fluids that introduced additional gold and epithermal 

elements, however some gold may have been remobilized to the HW zone during stage II. 

HWZone 

The higher temperature mineralogy and textures in the HW zone are similar to typical VMS 

deposits described elsewhere. Massive pyrite, sphalerite, galena and minor tetrahedrite are cut by 

chalcopyrite-rich stringers and reflect dominantly replacement within argillite rather than clastic deposition 

on the seafloor. Massive barite and calcite are common near the upper contact of the massive sulfides. 

The barite formed at the seafloor as hydrothermal fluids vented into sulfate-bearing seawater and may 

have acted as an insulating layer or cap to the ascending fluids. 

Gold and silver grades in the HW zone are about one third of the grades in the 21B zone but are 

still about double that of typical gold-rich polymetallic VMS deposits, which are generally less than 10 g/t 

Au (Figs. 6.1 and 6.2). Gold to base metal ratios are much lower and gold to epithermal element ratios fall 

between those of the 21B and NEX zones. The lower silver grade reflects the lower abundance of 

tetrahedrite. Lower gold grades may reflect the 'gold solubility trough' associated with higher 

temperatures (Fig. 6.4). Mine staff have noted that the highest gold grades in the HW zone generally 

overlie high-grade sulfide lenses in the NEX zone (J. Rogers, personal communication), suggesting gold 

in the HW zone may be, at least in part, remobilized from underlying deposits. 

Physical Constraints on Formation of the Eskay Creek Deposit 

The primary physical constraints on formation of the Eskay Creek deposit are (i) the presence of 

a structure or structures, (ii) mechanism for fragmentation and transport of sulfides precipitated at the vent 

sites, and (iii) the development of depressions or basins adjacent to vent sites. 

On a regional scale, development of fault structures in an extensional setting are important 

because they control the ascent of rhyolite magmas, geometry of rhyolite domes and adjacent basins. In 

312 



the Eskay Creek area, rifting led to the formation of a series of linear rhyolite flow domes. Structural 

controls on the ascending hydrothermal fluids are important as a means of focussing discharge at a 

restricted vent site. Although subzones of the Eskay Creek deposit are generally linearly distributed 

between the Pumphouse and Andesite Creek Faults, significant sulfide accumulations are localized near 

several specific sites that may be controlled by the presence of synvolcanic oblique structures or 

permeable zones that intersected the Pumphouse Fault structure. Evidence for such a structure in the 

21B zone include abrupt changes in thickness of bedded ore and localization of late-stage hydrothermal 

overprint in the centre of the zone (Fig. 3.17). The linear nature of the 21C zone suggests it is also 

controlled along a structure parallel to the length of the basin, west of the 21B zone. 

Fragmentation and removal of sulfides deposited at the vent site are essential to the formation of 

a high-grade precious metal-rich deposit. These processes provide a mechanism to maintain low 

temperatures in the system because the site of maximum heat flow is not restricted or capped and the 

permeable clastic horizons provide access to laterally migrating low temperature fluids, provided sulfide 

clasts are redeposited nearby. Disruption of vent-site deposits and initiation of sedimentary grain flows 

may have been triggered by periodic boiling and local overpressuring, resulting in small-scale 

hydrothermal eruptions. Other mechanisms related to formation and reworking of the clastic sulfides and 

sulfosalts include seismic activity, oversteepening, and dissolution of anhydrite in the primary precipitate 

(Chapter 4). 

Development of a basin is necessary to accumulate sulfide and sulfosalt fragments transported 

from the primary vent site and provide favourable conditions for preservation. Basinal environments on 

the seafloor may be restricted from circulation by seafloor currents and may become reduced by influx of 

reduced hydrothermal fluids and organic material, therefore preventing oxidation of the transported 

material. Quiescent conditions are also favourable for accumulation of sediments that bury and preserve 

the transported sulfides. The proximity of the vent site relative to the clastic sulfide beds in the 21B zone 

is important because continued gold deposition requires access for low temperature hydrothermal fluids 

to migrate laterally along the beds. Therefore the geometry of the depositional basin must have been 

such that sulfide-rich grain flows were not transported far from their source. 
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Modern and ancient analogues for the Eskay Creek deposit 

The Eskay Creek deposit has many characteristics that are consistent with existing models of 

VMS deposits, particularly those of the Zn-Pb-Cu group (Franklin et al., 1981; Franklin, 1995), including 

depositional setting, host lithology, associated alteration assemblage, and mineralizing processes. This 

group of deposits includes those in the Kuroko district of Japan (Ohmoto and Skinner, 1983; Ohmoto, 

1996), Mount Read volcanic belt in Tasmania (Large, 1992), the Urals of Russia (Herrington et al., 1998), 

Buchans, Newfoundland (Thurlow and Swanson, 1981), and Buttle Lake, British Columbia (Juras, 1987; 

Juras and Pearson, 1991; Barrett et al., 1994; Robinson et al., 1996). Similarities between these deposits 

and Eskay Creek include deposition in an extensional submarine setting, primarily felsic footwall volcanic 

rocks, sericite-chlorite±quartz-dominated footwall alteration assemblage, and mineralization that is 

interpreted to occur at or near the seafloor. 

Mineralogically and texturally, Zn-Pb-Cu-type VMS deposits are not direct analogues for Eskay 

Creek although many features characteristic of Eskay are observed in these deposits, but to a much 

lesser extent. Bedded, graded, clastic sulfides are recognized in many deposits (e.g. Matsumine - Ito et 

al., 1974; Takahashi and Suga, 1974; Fukazawa - Eldridge et al., 1983; Furutobe - Kuroda, 1983; 

Yaman Kasy - Herrington et al., 1998) but are restricted to the top and margins of massive sulfide bodies 

and represent a relatively small component of these orebodies, whereas clastic sulfides at Eskay Creek 

form the bulk of the ore in the 21B zone. Minor tetrahedrite, boulangerite and bournonite are recognized 

in the upper parts of many deposits, together with the dominant assemblage of sphalerite, pyrite and 

galena (Eldridge et al., 1983; Large, 1992). At Eskay Creek these sulfosalts, together with sphalerite, 

form the dominant ore mineralogy, with lesser pyrite and galena. Absence of barite from this mineral 

assemblage also distinguishes Eskay Creek from these other deposits, where barite is a common gangue 

mineral near the top of the massive sulfides. Distribution of mercury in VMS deposits is not widely 

documented. Studies in a number of Canadian VMS deposits (Jonasson and Sangster, 1974) and the 

Woodlawn deposit in eastern Australia (Ryall, 1979) show that Hg is most abundant in the upper parts of 

the orebodies but values are typically one to three orders of magnitude less than those at Eskay Creek. 

Many VMS deposits also contain significant amounts of Au, recovered mainly as a by-product. 

Recent reviews of Au-rich VMS deposits are presented by Hannington et al. (1999) and Huston (2000) 

and show that Au generally has a metallogenic association to either Cu or Zn. In Cu-rich VMS deposits, 
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Au is typically concentrated near the base of the massive sulfide lens in association with high-

temperature (>300°C), acidic, oxidized fluids that may be analagous with high-sulfidation deposits (Sillitoe 

et al., 1996; Hannington et al., 1999; Huston, 2000). In association with Zn, Au is concentrated near the 

upper or distal parts of the massive sulfide lenses (e.g. Kuroko deposits - Urabe, 1974; Ohmoto and 

Skinner, 1983;.Ohmoto, 1996; Rosebery - Huston and Large, 1989; Huston et al., 1996; eastern 

Australian deposits - Huston et al., 1992) and associated ore fluids are typically lower temperature and/or 

have near-neutral pH (Huston, 2000). Fluid inclusion studies of the Kuroko deposits suggest fluids range 

from about 200° to 300°C during deposition of the black (Zn-Pb-rich) ore, peak near 380°C during' 

replacement by Cu-rich minerals and pyrite (yellow ore and pyrite ore), and deposit minor minerals to 

about 150°C as temperatures decrease during the waning stages of activity (Pisutha-Arnond and 

Ohmoto, 1983; Ohmoto, 1996). 

Enrichment of Au in the upper parts of these Zn-Pb-Cu-type massive sulfides is commonly 

attributed to remobilization of Au from early-formed sulfides near the base of the mound and concentrated 

towards the top of the mound by the process of zone refining (Hannington et al., 1989,1999; Large, 1992; 

Huston, 2000). Development of zone refining is not extensive at Eskay Creek, although Au may have 

been remobilized locally. 

Gold-rich sulfides have also been discovered on the modern seafloor. The highest grades of Au 

were sampled in immature back-arc rift settings of the western Pacific that are dominated by felsic 

volcanic rocks (Herzig and Hannington, 1995; Hannington et al., 1999). The closest analogue for the 

Eskay Creek deposit is the JADE hydrothermal field in the Okinawa trough, an active intracontinental 

back-arc basin southwest of Japan. Studies by Halbach et al. (1989; 1993) indicate that sulfides formed 

at the JADE vent sites are geochemically and mineralogically similar to Kuroko-type massive sulfides and 

are underlain by a bimodal calc-alkaline assemblage of basaltic andesite and rhyolite compositions. 

Active hydrothermal discharge sites occur in a depression (Izena basin) at depths between 1335 and 

1550 metres (Sakai et al., 1990). The seafloor deposits form active and inactive sulfide-sulfate chimneys 

up to 5m high, and the floor is covered with massive sulfide and barite fragments of decimetre size. 

Precious metal contents of the sulfides locally reach 24 ppm Au and 11000 ppm Ag. Paragenetically, 

early pyrite, sphalerite and galena are replaced by chalcopyrite as temperatures increase and then Fe, 

Cu, Sb and As-bearing minerals (including tetrahedrite, tennantite and stibnite) precipitate as 
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temperatures decrease, during the transition to As and Hg deposition as realgar, orpiment and cinnabar 

(Halbach et al., 1993). Measurements at the vent sites by Sakai et al. (1990) indicate that fluids are gas-

rich, high in K, and range in temperature up to 220°C for clear vent fluids and 320°C in one black smoker. 

The high precious metal grades, associated epithermal elements, gas-rich fluids, water depth, 

and basinal setting at the JADE site are similar to conditions proposed at Eskay Creek, however there are 

several differences. The calc-alkaline geochemistry of the footwall volcanic rocks differs from the tholeiitic 

signature of the Eskay Creek host rocks. Accumulation of carbonaceous sediments, and possibly anoxic 

conditions during formation of the 21B zone, are not present in the barite-rich assemblage in the Izena 

basin. The abundance of As relative to Sb in the JADE deposits (5:1; Herzig and Hannington, 1995) also 

differs from that at Eskay Creek. The Eskay Creek orebodies contain little As and are much more 

enriched in Sb, which is carried in near-endmember tetrahedrite and Pb-Sb-S sulfosalts. Realgar and 

orpiment are absent from the deposit, except in the unusual 21A zone. Overall fluid temperatures in the 

JADE field may be higher than suggested by fluid inclusions at Eskay Creek, although only maximum 

temperatures were reported by Sakai et al. (1990) and therefore precious metal and As-Sb-Hg-rich 

assemblages could also be associated with fluids less than 200°C. Despite these differences, the JADE 

site provides the best modern analogue for mineralization processes in the Eskay Creek deposit. 

Perhaps the most important difference between Eskay Creek and the sulfide deposits described 

above is the extent of bedded clastic sulfide accumulation. Dominantly clastic deposits are recognized in 

other VMS districts such as Buchans, however clastic reworking there has moved the sulfide fragments 

hundreds of metres from their source (Thurlow and Swanson, 1981). Therefore, they are removed from 

the source of later hydrothermal fluids that could have deposited a late low temperature mineral 

assemblage. The ability for low temperature, gold-rich fluids to access permeable sulfide horizons 

allowed the 21B zone to be significantly upgraded in precious metals. 

Implications for Exploration 

General regional exploration criteria for precious metal-rich deposits like Eskay Creek are similar 

to those proposed for more conventional VMS deposits (e.g. Franklin et al., 1981; Franklin, 1995; 

Ohmoto, 1996/ The discussions above highlight several features that distinguish Eskay Creek from other 

VMS deposits, and suggest favourable geological settings include the following characteristics: 
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• submarine environment, 

• extensional tectonic setting, 

• highly fractionated, Fill-type, tholeiitic, volcanic rocks, 

• development of a reduced basin 

A submarine environment is common to all deposits in the VMS model, however a relatively 

shallow environment in which low temperature fluids may boil are favoured over deeper settings where 

boiling is constrained by hydrostatic pressure. Volcanic and sedimentary textures in the immediate host 

rocks of the Eskay Creek deposit give little indication of water depths, except that very shallow water 

fauna are absent from the contact argillite. Indications for relatively shallow environments may include 

evidence of subaerial volcanic activity that is regionally contemporaneous with submarine environments, 

as demonstrated in the Iskut River area (Macdonald et al., 1996). 

Extensional tectonic environments may provide rifts for ascent of primitive, tholeiitic magmas, as 

well as development of a basinal environment and faults that control fluid flow to the seafloor. Therefore, 

synvolcanic structures are important exploration criteria. Accumulation of black, carbonaceous sediments 

within the basins is a good indicator of reduced conditions that would allow preservation of transported 

sulfides and sulfosalts. 

Once a suitable geologic environment has been identified, regional geochemical sampling may 

indicate favourable target areas for more detailed exploration programs. The association of precious 

metals and epithermal-suite elements with the deposit, suggests that these elements may discriminate 

between potentially gold-rich and gold-poor VMS deposits. The concentration of As, Sb and Hg can also 

be highly elevated in gold-poor deposits, as noted by Huston (2000). Therefore, elevated concentrations 

of a combination of precious, base and epithermal elements provide the best indication for potential 

mineralization like that at Eskay Creek. 

The Eskay Creek orebodies themselves are relatively small in volume and area, however the 

hydrothermal system was active over a much more extensive area, as indicated by regional K-feldspar-

quartz-sericite alteration and the presence of precious metal and sulfide-rich veins in the footwall rhyolite 

along strike from the stratiform deposit (Emma and Mackay Adits, Fig. 2.2). Therefore, recognition of 
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lower-grade or anomalous showings within the footwall rocks, and the sediments above, may indicate 

proximity to a major vent site. 

Concluding statements 

The Eskay Creek deposit is an unusual volcanogenic massive sulfide ore deposit. Many of the 

distinctive characteristics of the deposit are recognized in other VMS deposits, but comprise only a small 

portion of those ores. The principle differences that distinguish Eskay Creek are (i) an order of magnitude 

enrichment in precious metal and epithermal elements, (ii) sulfosalt minerals, including tetrahedrite, 

boulangerite and bournonite, are major compontents of the ore mineralogy; and (iii) the ore is dominated 

by clastically reworked and bedded sulfides and sulfosalts. Eskay Creek therefore, represents an end-

member of processes related to the conventional VMS ore model. 

Genetic constraints presented in this study are based extensively on the 21B zone, supported by 

observations from other subzones. Important conclusions drawn from this study are as follows: 

1. The association of the deposit with highly fractionated volcanic rocks that are chemically 

distinct from other rocks in the region suggests that they may have an important role in the 

genesis of the deposit, although their importance is not well constrained. The source magma 

chamber at depth may provide heat to drive circulating hydrothermal fluids. Metals and/or 

sulfur may have been contributed directly to the system from magmatic volatiles, which may 

have introduced unusually high contents of precious metals to the fluids. 

2. Low temperature hydrothermal fluids (<200°C) provide optimal conditions for transport and 

deposition of gold and silver-rich tetrahedrite. Low temperatures are maintained by 

fragmentation and removal of sulfides at the vent site, which prevents sealing or capping the 

system. 

3. Boiling may be an important process for both deposition of gold as well as separation of a 

volatile phase that may lead to local overpressuring and periodic hydrothermal eruption and 

fragmentation of chimneys or seafloor sulfides. Consequently, maximum water depth at 

which such deposits might form is constrained by boiling curve for the hydrothermal fluid, 

which is dependent on gas content and salinity of the fluid. 
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4. A reduced basin, immediately adjacent to the vent site, is necessary to capture transported 

sulfides and sulfosalts and prevent their oxidation. Venting of the hydrothermal fluids into a 

reduced basin also prevents the formation of abundant barite, which may cap the system and 

generate a deposit dominated mainly by subseafloor replacement processes and raise the 

temperature gradient, as observed in the HW zone. 

5. Deposition of the clastic sulfides proximal to the vent site is important for continued lateral 

migration of hydrothermal fluids, and enhancement of the gold grade in the deposit. 

Therefore the geometry of the basin, and controls on sedimentary transport of the sulfides 

and sulfosalts, are important to the formation of the deposit.' 

None of the processes related to formation of the Eskay Creek deposit are unique in the VMS 

environment. The coincidence of all the physical and chemical constraints required to form such a 

precious metal rich deposit are, however, exceptionally rare. Nevertheless, the extremely high precious 

metal grades provide a very attractive, although challenging, exploration target. 
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APPENDIX A 

DRILLHOLE AND SAMPLE DISTRIBUTION 



Table A.1: Distribution of polished thin sections and polished mounts examined in the Eskay Creek 
deposit. These samples were collected from 91 drillholes, 43 underground sites and 6 
surface sites. 

Zone Polished Polished Number of drillholes 
Sections Mounts represented 

21B Zone 130 18 24 
East Block 20 4 7 
NEX Zone 24 5 4 
109 Zone 26 4 10 
21A Zone 5 3 
21C Zone 11 6 
21E Zone 4 2 
HW Zone 30 3 10 
Pumphouse Zone 4 3 
22 Zone / Emma Adit 1 2 -
Mackay Adit 2 -
Rhyolite 14 6 
Regional Argillite 16 16 
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Figure A.1: Location map for samples analyzed by electron microprobe in this study and by Barnett 
(1990). Ore zones are shown in dashed outlines. Refer to Figures 3.1 and 6.2 for details. 

13 18 
B18"X 29 

B19 U O .•> 
B16ipE&B13 :*j 

21A Zone 

O This study 
A Barnett, 1990 

No. SamDle ID Zone 
1 1163: 23.3A 109zone 
2 1163: 49.5A 109zone 
3 1163:49.5B 109zone 
4 1165: 68.8 109zone 
5 1172: 52.8 109zone 
6 1172-19.2B 109zone 
7 1172-38.4A 109zone 
8 1390: 17.3 109zone 
9 1017: 25.2 21B 
10 11S-6S-SL1A 21B 
11 11S-6S-SL1B 21B 
12 1233: 27.0A 21B 
13 1N-7B-1 21B 
14 1N-7B-10 21B 
15 1N-7B-14 21B 
16 1N-7B-18 21B 
17 1N-7B-19 21B 
18 1N-7B-7 21B 

CO
 

2740: 78.5 21B 
20 2740: 80.85 21B 
21 2753: 17.6 21B 
22 3N-970708 21B 
23 4N-L1-N 21B 
24 4N-L2-CI 21B 
25 5N-010795 21B 
26 5N-950307 21B 
27 6S-030795A 21B 
28 6S-030795B 21B 
29 CA90-264: 115.0 21B 
30 U82: 3.4 21B 
31 U82: 3.5 21B 
32 U82: 3.58 21B 
33 U82: 3.6 21B 
34 U82: 3.65 21B 
35 U82: 3.7 21B 
36 U84: 1.3A&B 21B 
37 U84: 7.9 21B 
38 1018:9.7 21B-FW 
39 1084: 42.5 E. BLOCK 
40 10XC-L3-A E. BLOCK 
41 1344: 41.6 E. BLOCK 
42 8N-1A-1 E. BLOCK 
43 1985: 62.5 HW 
44 CA90-327: 45.5A HW 
45 1878: 30.25 NEX 
46 30E-2A-2 NEX 
47 35X-L2-9B NEX 
48 41-1F-2 NEX 
49 U01: 48.0 NEX 
50 3241: 9.3 Pumphouse 

B1 CA-109: 147.7 109zone 
B2 CA-109: 97.5 109zone 
B3 CA-006-97.5 21A 
B4 CA-007-109.7 21A 
B5 CA-009-63.9 21A 
B6 CA-009-74.9 21A 
B7 CA-009-75.2 21A 
B8 CA-012-88.2 21A 
B9 CA-012-92.3 21A 
B10 CA-021-58.1 21A 
B11 CA-021-59.1 21A 
B12 CA-066-108.2 21A 
B13 CA-071: 132.0 21B 
B14 CA-074: 113.7 21B 
B15 CA-075: 116.0 21B 
B16 CA-076: 134.0 21B 
B17 CA-085: 80.4 21B 
B18 CA-087: 100.0 21B 
B19 CA-087: 99.4 21B 
B20 CA-093: 78.2 21B 
B21 CA-093: 80.4 21B 
B22 CA-101: 78.5 21B 
B23 CA-101: 82.2 21B 
B24 CA-102: 76.4 21B 
B25 CA-102: 77.3 21B 
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igure A.2: Pierce point locations of drillholes examined in detail within 
zone. 

the 21B 



A P P E N D I X B : A N A L Y T I C A L M E T H O D S 

E L E C T R O N M I C R O P R O B E A N A L Y S I S 

Standard methods were used in the microanalysis of sphalerite, sulfosalts, pyrite and electrum. 

Data in this study were collected on a fully automated Cameca SX-50 microprobe with four wavelength 

dispersive spectrometers and a fully integrated Kevex 8000 energy-dispersive system. The operating 

conditions for all analyses were set to a beam current of 20 nA, an accelerating voltage of 20keV, a take

off angle of 4 0 ° , and a beam size of 2 microns. Four programs were created to optimize measurements ii 

sphalerite, sulfosalts, electrum and pyrite. Acquisition parameters for each of the programs are 

summarized in Tables B.1 to B.4. 

Table B.1: Acquisition parameters for E P M A analysis of sphalerite. Spectral lines measured for each 
element are shown in brackets. 

Pass # Count time (s) Spectrometer: Crystal Pass # 
Peak Background 1: LIF 2: TAP 3: PET 4: PET 

1 20 10 Mn (Ka) As (La)'J Cd (La) S (Ka) 

2 20 10 Fe (Ka) Hg (Ma) Pb (Ma)' 

3 20 10 Zn (Ka) Sb (La)' 

4 20 10 Co (Ka)' 

5 20 10 Ni (Ka)' 

Interference corrections: As on Sb (Lp) 
' Not measured in all spot analyses 

Table B.2: Acquisition parameters for E P M A analysis of sulfosalt minerals. Spectral lines measured for 
each element are shown in brackets. 

Pass # Count time (s) Spectrometer: Crystal Pass # 
Peak Background 1: LIF 2: TAP 3: PET 4: PET 

1 
2 
3 
4 
5 

20 10 
20 10 
20 10 
20 10 
20 10 

Fe(Ka) As (La)* Ag (La) S (Ka) 
Cu (Ka) Sb (La) Pb (Ma) 
Zn (Ka) Hg (Ma) Bi ( M a ) 1 

Mn (Ka)' C d (La) 
Co (Ka)' 

Interfer ence corrections: As with S o (LP) and Bi with Pb (Mp) 
Not measured in all spot analyses 

Table B.3: Acquisition parameters for E P M A analysis of electrum. Spectral lines measured for each 
element are shown in brackets. 

Pass # Count time (s) Spectrometer: Crystal Pass # 
Peak Background 1: LIF 2: TAP 3: PET 4: PET 

1 40 20 Cu (Ka) 
2 20 10 Ag (La) 

3 20 10 Au (Ma) 

4 20 10 Hq (MP) 
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Table B.4: Acquisition parameters for EPMA analysis of pyrite. Spectral lines measured for each element 
are shown in brackets. 

Pass # Count time Is) Spectrometer: Crystal Pass # 
Peak Background 1: LIF 2: TAP 3: PET 4: PET 

1 20 10 Mn (Ka) As (La) Ag (La) S(Ka) 
2 20 10 Fe (Ka) Sb (La) Pb (Ma) 
3 20 10 Ni (Ka) Cd (La)' 
3 20 10 Zn (Ka) 
4 20 10 Co (Ka)' 

Not measured in all spot analyses 

Standards 

Natural sulfide standards available at in the UBC microanalysis laboratory were used for 

calibration and reference in this study. Standards used in the calibration of each element are listed in 

Tables B.5 to B.8. 

Table B.5: Standards used for calibration of elements for EPMA analysis of sphalerite in this study. 

Element Standard (Reference #) Mineral 
S S141 sphalerite 
Mn S311 manganese (pure element) 
Fe S109 pyrite 
Zn S141 sphalerite 
Cd S327 cadmium (pure element) 
Hg S252(Ma) mercury telluride 
Co S313 cobalt (pure element) 
Ni S314 nickel (pure element) 
Pb S400 galena 
Sb S288 tetrahedrite 

Table B.6: Standards used for calibration of elements for EPMA analysis of sulfosalts in this study. 

Element Standard (Reference #) Mineral 
s S289 (La) tennantite 
Fe S109 pyrite 
Cu S289 (La) tennantite 
Zn S141 sphalerite 
As S289 (La) tennantite 
Ag S258 silver (pure element) 
Sb S288 tetrahedrite 
Hg S252 (Ma) mercury telluride 
Pb S400 galena 
Mn S311 manganese (pure element) 
Co S313 cobalt (pure element) 
As S289(La) tennantite 
Bi S342 bismuth (pure element) 
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Table B.7: Standards used for calibration of elements for EPMA analysis of electrum in this study. 

Element Standard (Reference #) Mineral 
Cu S268 copper (pure element) 
Ag S258 silver (pure element) 
Au S253 gold (pure element) 
Hg S252 (M3) mercury telluride 

Table B.8: Standards used for calibration of elements for EPMA analysis of pyrite and nickel-sulfides in 
this study. 

Element Standard (Reference #) Mineral 

S S109 pyrite 
Mn S311 manganese (pure element) 
Fe S109 pyrite 
Ni S314 nickel (pure element) 
Zn S141 sphalerite 
As S289(La) tennantite 
Ag S258 silver (pure element) 
Sb S288 tetrahedrite 
Pb S400 galena 
Co S313 cobalt (pure element) 
Cd S327 cadmium (pure element) 

Detection Limits 

Detection limits for all elements are given in Table B.9. The minimum concentration of an element 

that can be measured depends on the counts in the peak above counts in the background. The minimum 

detectability limit is a function of the counts in the peak, counts in the background, and the total matrix 

correction factor (ZAF) (Friel and Barbi, 1991). 

Precision 

Estimates of precision are presented in Tables B10 and B11, based on replicate analyses of the 

standards and counting statistics respectively. Precision in trace elements is estimated only from counting 

statistics due to their low abundances in the standards. Relative precision estimates for the major 

elements in each of the sulfides analyzed are close to 2%, which is typical for EPMA (Friel and Barbi, 

1991). 

Precision in trace elements varies with concentration of the element in the sulfide mineral. 

Precision is poor as values approach the detection limit. The precision was calculated for each of the spot 
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analyses at the 99% confidence level (3 s.d.). Values were plotted for each trace element used for 

comparison in this study (Figs. B.1 to B.4) to determine the function relating concentration to precision for 

these elements (Table B.11). 

Table B.9: Detection limits for elements measured by EPMA. 

Mineral Element Detection Limit Mean of n 
(wt. %) spot analyses 

Sphalerite S 0.08 680 Sphalerite 
Zn 0.13 680 
Fe 0.06 680 
Mn 0.06 680 
Hg 0.45 680 
Cd 0.16 680 
Co 0.06 476 
Ni 0.06 476 
As 0.27 476 
Sb 0.15 476 
Pb 0.46 476 

Sulfosalts S 0.08 619 
Cu 0.10 619 
Pb 0.36 619 
Ag 0.18 619 
Fe 0.07 619 
Hg 0.41 619 
Sb 0.18 619 
As 0.24 619 
Zn 0.13 619 
Bi 0.52 434 
Mn 0.07 434 
Cd 0.19 420 
Co 0.07 229 

Electrum Au 0.52 83 
Ag 0.21 83 
Hg 0.62 83 
Cu 0.07 83 

Pyrite S 0.09 208 
Fe 0.08 208 
Ni 0.07 208 
As 0.25 208 
Zn 0.11 208 
Ag 0.15 208 
Pb 0.51 208 
Sb 0.14 208 
Mn 0.09 208 
Co 0.08 132 
Cd 0.16 132 
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Table B.10: Error estimates for major elements in minerals analyzed by EPMA, determined from replicate 
analyses of standards. 

Number Mean Relative 

Standard Element of Composition 3s.d. Precision 
analyses (wt. %) (%) 

Sphalerite (S141) Zn 41 67.03 1.56 1.7 Sphalerite (S141) 
S 41 32.65 0.84 2.6 

Tetrahedrite (S288) Cu 25 37.68 1.19 3.1 Tetrahedrite (S288) 
Zn 25 7.58 0.30 4.0 
Sb 25 28.96 0.54 1.9 
S 25 24.57 0.59 2.4 

Tennantite (S289) Cu 33 43.06 1.05 2.4 Tennantite (S289) 
Zn 33 8.83 0.67 7.6 
As 33 19.79 0.45 2.2 
S 33 28.03 0.66 2.4 

Electrum (S254) Au 33 79.52 1.03 1.3 Electrum (S254) 
Ag 33 21.13 1.67 7.9 

Pyrite (S109) Fe 27 46.30 1.07 2.3 Pyrite (S109) 
S 27 53.10 1.13 2.1 

Table B.11: Error estimates for minor and trace elements in minerals analyzed by EPMA, determined 
from statistics for each spot analysis. Calculated at the 99.9% confidence level. 

Mineral Element Estimated precision1 Average relative precision (%)' 

Sphalerite Fe 0.0776 X~Ub4'iB 8.0 
Hg 0.3893 X ^ 7 3 7 5 47.7 
Mn 0.0714 X~° 8589 35.3 
Cd 0.1443 X " 0 9 5 1 9 52.7 

Sulfosalts Cu 0.1331 J ' 0 6 4 9 8 9.8 
Pb 0.1427 ^ - a 4 5 9 0 2.4 
Zn 0.1299 X ~07500 14.9 
Fe 0.0920 X ~07543 11.5 
Sb 0.0875^-° 4 1 0 6 2.4 
As 0.0844 X "° 3879 8.4 

Ag 0.1987 J - 0 ' 6 8 4 2 7.2 
Hg 0.3422 X ~a7071 26.3 

Electrum Ag 0.1174 5T- 0 ' 4 9 0 6 2.6 
Au 0.1530 3 7 3 9 3.2 
Hg 0.3748 X~° 6402 16.5 

Pyrite Ni 0.0860 X ~€-8388 36.4 
As 0.1102 X~° 7418 12.9 

1 Where X = the measured concentration of the element; see Figures B1 to B4 
2 average for all points plotted in Figures B1 to B4. 
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Figure B1: Estimates of precision for trace elements measured by EPMA in sphalerite. 
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Figure B2: Estimates of precision for elements measured by EPMA in electrum. 
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Figure B3: Estimates of precision for trace elements measured by EPMA in pyrite. 
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APPENDIX D 

CALCULATIONS 

Calculation of sulfur activity from FeS content of sphalerite 

The FeS content of sphalerite in equilibrium with pyrite provides a useful indicator of sulfur activity and 

temperature in the hydrothermal system, as summarized by Barton and Skinner (1979) and Craig and 

Vaughan (1997). The relationship of FeS in sphalerite to pyrite is constrained by the relation: 

FeS(SL-PY) + 1/2 S 2 - FeS2 

where, FeS( S L-pY) = FeS content of sphalerite (moles) in equilibrium with pyrite. 

The expected sulfur activity is determined from the equation: 

log(FeS (SL-PY)) = 7.16-(7730/T)- 1/2 log aSz (Barton and Skinner, 1979) (1) 

where, T = temperature (°K) 

£7S2 = sulfur activity (~/s2) 

An alternative equation is provided by Scott and Barnes (1971): (2) 

log(FeS (SL.pY)) = 6.65 - (7340 / T) - V2 log c7S2 

The difference between the two equations is due to variations in estimates for the activity coefficient of 

FeS(SL) and for thermodynamic data of FeS2. Barton and Skinner (1979) note that the two equations 

provide consistent estimates of c7Ss in the range 400 to 700°C, but diverge at lower temperatures by about 

10°5 at 250°C and 10 1 0 at 100°C. Equation (1) was used for calculations throughout this study. 

For sphalerite in equilibrium with pyrrhotite, the FeS content is determined by: 

FeS(SL.po) = 72.26695 - (15900.5 / T) + 0.01448 log c7S2 - (0.38918 x 108 / T2) 

- (7205.5 log <%2 / T) - 0.34486 (log aQi f (Scott and Barnes, 1971) 
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where FeS(SL-po) = FeS content of sphalerite in equilibrium with pyrrhotite 

This equation does not apply at Eskay Creek because pyrrhotite is absent. 
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APPENDIX E: 

DISTRIBUTION OF TRACE ELEMENTS IN PYRITE 

AROUND THE ESKAY CREEK DEPOSIT 

A project to assess the distribution of trace elements in argillite around the Eskay Creek deposit 

was undertaken in collaboration with Mark Hannington of the Geological Survey of Canada (GSC). 

Samples of argillite were collected from all stratigraphic levels in the mine sequence, and were processed 

through a superpanner to separate pyrite. These pyrite separates were analyzed by instrumental neutron 

activation analysis (INAA) at Activation Laboratories Ltd., and a subset was selected for sulfur isotope 

analysis, presented in Chapter 5. Pulverized argillite samples have also been analyzed by inductively 

coupled plasma emission mass spectrometry (ICP-MS) at the GSC. 

Preliminary INAA results from the pyrite separates are summarized in Table E.1. Selected trace 

element values were normalized to Fe and plotted spatially in Figures E.1 to E.7. The highest values are 

restricted to areas immediately adjacent to the orebodies and decrease rapidly both laterally away from 

the margins and stratigraphically above the deposit. These patterns are consistent with results from sulfur 

isotope analysis, which indicate hydrothermal fluid signatures are restricted to within tens to hundreds of 

metres of the ore and tens of metres above the ore (Chapter 5). 

Results of this project will be presented in a future publication. 
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Figure E.1: Distribution of Au in pyrite separates (normalized to Fe). 



Figure E.2: Distribution of Ag in pyrite separates (normalized to Fe). 



Figure E.3: Distribution of Hg in pyrite separates (normalized to Fe). 



Figure E.4: Distribution of Sb in pyrite separates (normalized to Fe). 



Figure E.5: Distribution of As in pyrite separates (normalized to Fe). 



Figure E.6: Distribution of Zn in pyrite separates (normalized to Fe). 



Figure E.7: Distribution of Ba in pyrite separates (normalized to Fe). 
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Abstract 
The Eskay Creek deposit is an unusual, polymetallic, Au-Ag-rich volcanogenic sulfide-sulfosalt deposit lo

cated in the Iskut River area of northwestern British Columbia, Canada. Economic concentrations of precious 
and base metals are contained in the 21 zone, which is divided into a number of subzones. As of December 31, 
1998, total production and proven-probable reserves are 1.9 million tons (Mt) at 60.2 g/t Au, 2,652 g/t Ag, 3.2 
percent Pb, 5.2 percent Zn, and 0.7 percent Cu. The 21B zone, which contains the bulk of the reserves, began 
production in 1995. The mineralization occurs mainly as well-preserved stratiform clastic beds of sulfide-sul
fosalt debris and also as discordant footwall quartz sulfide veins. 

The hydrothermal system that formed the Eskay deposit was low temperature (<200°C) with a relatively 
high gas content. Fluid inclusion petrography and measured gas ratios are consistent with liquid-vapor phase 
separation occurring in the hydrothermal system. The calculated fluid pressures, from fluid inclusion data, are 
variable as a result of contributions from vapor-rich fluid inclusions. Three samples gave calculated fluid pres
sures of -150 bars that equate to a 1,500-m water depth. These analyses are considered the best indicators of 
the boiling depth since they most likely had the minimum contribution from vapor-rich fluid inclusions. Oxy
gen isotope ratios of quartz separates and whole-rock data suggest that the dominant hydrothermal fluid was 
normal seawater at temperatures of around 200°C. Fluid inclusion leachates suggest mixing between a seawa-
ter-derived fluid and a lower temperature (~1Q0°C), more saline fluid which has high K/Na and CI/Br ratios 
compared to normal seawater. The high-salinity fluid has halogen and cation ratios that are consistent with a 
magmatic-derived fluid. The relationship of this fluid to mineralization is uncertain. Sulfur isotope data suggest 
that the sulfide sulfur may have been derived from either an igneous source or by reduction of seawater sul
fate. The dominant origin of the sulfate sulfur was seawater, although one barite sample may contain oxidized 
igneous sulfur. Mineralization at Eskay Creek is inferred to have formed at, or near, the sea floor in a relatively 
shallow-water setting, by fluid boiling which is an effective precipitation mechanism for gold and silver. The 
low solubility and ineffective precipitation mechanisms for base metals at these low temperatures resulted in 
mineralization with a high precious to base metal ratio. The best modern-day analogue of Eskay Creek miner
alization is the JADE hydrothermal field in the Okinawa trough. 

Introduction 

T H E ESKAY Creek deposit is an unusual, polymetallic, pre
cious metal-rich volcanogenic massive sulfide and sulfosalt 
deposit located in the Iskut River area of northern British Co
lumbia (Fig. 1). Precious metal-rich stratiform mineralization 
occurs as massive to semimassive sulfides (21A and HW 
zones), clastic bedded sulfide-sulfosalts (21B and N E X 
zones), barite-rich beds and sulfide matrix breccias (21C 
zone) hosted in mudstone. DiscoMant quartz sulfide veins 
occur in the footwall rhyolite below the, stratiform mineral
ization (Pumphouse, Pathfinder, 109, 21C, and unnamed 
zones) and have disseminated mineralization associated with 
pervasive alteration. 

This study has been part of the Mineral Deposit Research 
Unit (MDRU) volcanogenic massive sulfide deposits of the 
Cordillera project. The scope of this aspect of the study has 

1 Corresponding author: email, rsherlock@srk.com 
•Present address: SRK Consulting Engineers and Scientists, 580 Hornby 

Street, Suite 800, Vancouver, British Columbia, Canada V6C 3B6. 

0361-0128/99/20867803-22 $6.00 

been to define the physical and chemical condition of ore for
mation at Eskay Creek and identify processes that have lead 
to the extreme precious metal contents utilizing fluid inclu
sions and stable isotopes. 

Regional Geology 

The Eskay Creek mine (Fig. 1) lies in the Iskut River area 
of the Stikine terrane near the western margin of the Inter-
montane tectonic belt (Wheeler et al., 1988; Anderson, 1989). 
The Stikine terrane consists of four assemblages: (1) the Late 
Paleozoic Stikine assemblage of metavolcanic and metasedi-
mentary rocks, (2) Triassic Stuhini Group volcanosedimentary 
arc complexes, (3) Jurassic Hazelton Group volcanosedimen
tary arc complexes, and (4) Middle to Upper Jurassic Bowser 
Lake Group basinal sediments (Anderson, 1989; Britton et 
al., 1989, 1990). Mesozoic and Cenozoic plutonic suites in
trude all these assemblages. The Eskay Creek deposit is 
hosted by lithologies of the upper Hazelton Group. 

Macdonald et al. (1996) divided the Hazleton Group into 
four regional stratigraphic units (Table 1). Eskay Creek is 
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Stuhini Group RBj|j Triassic Plutonic Suite —\ L _ Trace of syncline, anticline 

[-ps~l Stikine Assemblage 

FIG. 1. Generalized geologic map of the Iskut River area, northwestern British Columbia, showing the location of the 
Eskay Creek anticline (modified from Macdonald et al., 1996). 

T A B L E 1. Hazelton Group Regional Stratigraphic Sequence 

Unit Description Age 

Bowser Lake Group Thick basinal sequence, siltstone, shale, and sandstone Bathonian to Callovian1 

Conformable contact 

Hazelton Group Upper unit; bimodal volcanic assemblage, host of Eskay Creek deposit 

Upper middle unit; intermediate volcanic and volcanicastic strata, overlain 
by sediments that vary from sandstones to limestones 

Lower middle unit; andesitic to dacitic flows, sills, and volcaniclastic rocks with 
associated ruffe, graywackes, and conglomerates 

Lower unit; fossiliferous conglomerate to sandstone 
« 

Angular unconformity 

Stuhini Group Volcano-sedimentary complex Triassic 

Intrusions 

Late Aalenian to Early Bajocian1 

181-172 M a M - 4 

Upper Pliensbachian to Aalenian9 

194-185 Ma 4 

193 ± 1 Ma 4 

210 +24/-14 Ma 6 basal andesite flow 
Upper Hettangian to Lower Sinemurian1 

Homblende-biotite diorite, quartz monzonite, monzodiorite 228-221 Ma 4 

Biotite-hombelde granodiorite, quartz monzonite, K feldspar megacrystic 195-175 Ma 4 

syenite, and quartz monzonite 

Notes: Shaded units define the mine sequence; (1) = Nadaraju (1993), (2) = Childe (1994), (3) = Childe (1996), (4) = Macdonald et al. (1996), (5) = Smith 
and Carter (1990), (6) = Brown (1987) 
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hosted in the upper units of a bimodal volcanic assemblage 
with lesser intercalated tuffaceous, calcareous, and argilla
ceous sedimentary rocks. Fossils and microfbssils from inter
calated sediments in the volcanic rocks ronstrain the mid-
Jurassic sequence to Late Aalenian to Early Bajocian 
(Nadaraju, 1993). Rhyolites at Eskay Creek and elsewhere in 
the Iskut River area have yielded U-Pb ages between 181 and 
172 Ma (Childe, 1994,1996; Macdonald et al., 1996). 

Macdonald et al. (1996) describe two Mesozoic intrusive 
events in the Iskut River area. The Late Triassic (228-221 
Ma) event is dominated by hornblende-biotite diorite, quartz 
monzonite and monzodiorite plutons. The Early to Middle 
Jurassic (195—175 Ma) event consists of plutons that vary 
from early biotite-hornblende granodiorite and quartz mon
zonite, to late potassium feldspar megacrystic syenite, and 
quartz monzonite. 

The metamorphic grade of Mesozoic rocks in the Iskut 
River area is lower greenschist facies (Britton et al., 1990), 
most likely related to Cretaceous deformation during the for
mation of the Skeena fold and thrust belt (Rubin et al., 1990; 
Evenchick, 1991). In the eastern part of the Iskut River area, 
strata have been folded into a sequence of anticlines and syn-
clines (Fig. 1). Precious metal-rich mineralization at Eskay 
Creek is at the closure of the Eskay Creek anticline. 

Deposit Geology 
The mine sequence is folded into the shallowly north-

plunging, northeast-trending Eskay anticline (Figs. 2 and 3). 
Stratiform mineralization in the 21 zone dips at about 45° on 
the west limb and occurs near the fold closure. The stratigra
phy and facies variations in the Eskay anticline have been de
scribed by Blackwell (1990), Bartsch (1993), Roth (1993), Ed
munds et al. (1994), Sherlock et al. (1994) and Roth et al. 
(1998). 

Mine sequence 
Rhyolite forms the immediate footwall to the 21 zone strat

iform mineralization (Figs. 2 and 3) and hosts stringer-style 
discordant mineralization, such as the 109 zone. The unit 
ranges from 30 to 110 m in thickness (Britton et al., 1990) and 
consists of massive to flow-banded and brecciated aphanitic 
rhyolite flows and volcaniclastic rocks. Devitrification tex
tures such as perlitic fractures and spherulites occur over 
widespread areas. Hyaloclastites and peperitic textures are lo
cally preserved at the upper contact of the rhyolite, suggest
ing in situ fragmentation formed by the intrusion of rhyolite 
lobes into unconsolidated wet sediments (Rye, 1992; Bartsch, 
1993; Roth, 1993). However, locally the rhyolite sequence is 
capped by accumulations of well-bedded and graded rhyolitic 
volcaniclastic rocks, suggesting that the rhyolite flow domes 
were also extrusive (Rye, 1992; Roth et af., 1998). The thick
est accumulations of rhyolitic volcaniclastic detritus occur in 
the immediate footwall to the 21B zone clastic ore. 

Alteration in the rhyolite can vary gready over distances of 
only a few meters (Barrett and Sherlock, 1996). Peripheral to 
the stratiform ore and in the deeper parts of the rhyolite foot
wall, alteration is dominated by potassium feldspar with mod
erate silicification. This alteration is overprinted by a sericite-
chlorite-silica assemblage associated with the 21 zone 
mineralization. The most intense zone of alteration occurs 
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mudstorte-siltstone turbktites; thickly-
bedded sandstone and lensoidal 
conglomerate layers; 
containing Upper Bathonian to Lower 
Callovian ammonoids 

tuffaceous mudstone 

massive and pillowed basalt Hows, 
sills, and volcanic breccia; 
intercalated mudstone and tuff beds; 
contain Lower Bajocian bivalves and 
Aalenian, possibly Lower Bajocian, 
radiolaria (>150 m thick) 

mudstone containing Aalenian, 
possibly Lower Bajocian, radiolaria 

...(1-60.m thick) 
massive, flow banded to brecciated 
rhyolite overlain by rhyolitic 
volcaniclastic rocks; 
U-Pb age: 173.6+ 5.6/0.5 Ma 
(30-110 m thick) 

. jnuddm.(.<c3m 
intermediate pyrodastic and 
epidastic rocks (>100 m thick) 

intercalated mudstone, siltstone, 
sandstone, subordinate 
conglomerate, and minor andesitic 
tuff; containing Upper Pliensbachian 

andesite breccia and heterolithic 
volcaniclastic rocks 

FIG. 2. Schematic stratigraphic section in the Eskay Creek area, showing 
the various lithoiogies and mineralized areas along with their relative strati
graphic position (modified from Roth et al., 1998). 

near the upper contact of the rhyolite, immediately underly
ing the stratiform mineralization in the 21 zone, as a tabular 
blanket of pervasive chloritization and sericitization. The tab
ular shape of this intense chlorite-sericite alteration coincides 
spatially with the accumulation of volcaniclastic rocks under 
the stratiform clastic ore. 

Mudstone overlying the rhyolite hosts stratiform mineral
ization of the 21 zone and is referred to as the contact mud
stone. This unit ranges from less than 1 to more than 60 m in 
thickness (Britton et al., 1990; Rye, 1992) and is a laterally ex
tensive, well-laminated, carbonaceous mudstone that is vari
ably calcareous and siliceous. Coarser silty intervals or muddy 
debris flows occur locally near the base of the mudstone. Thin 
siltstone, sandstone, and possible volcanic ash beds are com
mon, as are pyrite laminae. 

The hanging-wall basalt is the uppermost unit in the local 
stratigraphy and exceeds 150 m in thickness (Britton et al., 
1990). The basalt occurs as both extrusive and intrusive 
phases and ranges from aphyric and fine grained to medium 
grained with local feldspar phenocrysts. Basaltic sills and 
dikes are common in the contact mudstone and often show 
well-developed peperitic textures along their margins, indi
cating intrusion into unconsolidated wet sediments. Well-pre
served pillowed flows, pillow breccias, hyaloclastite, and 
basaltic debris flows with minor mudstone and rhyolite clasts 
are intercalated with thin mudstone intervals. Alteration in 
the hanging-wall basalt is generally weak (Barrett and Sher
lock, 1996; Macdonald et al., 1996). 
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Intrusive rocks 

Several intrusions are exposed in the Eskay Creek property. 
The largest is a monzodiorite stock, termed the "Eskay por
phyry" (Fig. 3), which is exposed near the core of the Eskay 
anticline. This porphyry has been dated at 185 ± 5 Ma (Mac
donald et al., 1992), predating the Eskay rhyolite by some 5 
to 10 m.y. . '•• 

Felsite intrusions (Fig. 3) form a series of gossanous bluffs 
extending about 7 km to the south of the deposit. These in
trusions crosscut the mine sequence and reach their highest 
stratigraphic level directly below the 21 zone (Edmunds and 
Kuran, 1992; Bartsch, 1993). The rocks are aphyric, fine 
grained, and pervasively altered to an assemblage of silica, 
pyrite, potassium feldspar, and minor sericite. Locally, the 
rocks contain sulfide veinlets comprising quartz, pyrite, 
sphalerite, galena, tetrahedrite, and jamesonite. Geochemi-
cally, these felsic intrusive rocks are indistinguishable from 
the footwall rhyolite and were probably the subvolcanic 

equivalents of the footwall rhyolite (Rye, 1992; Bartsch, 1993; 
Roth, 1993). 

Mafic dikes and sills cut the stratigraphy around the deposit 
and are geochemically indistinguishable from the hanging-
wall basalt (Rye, 1992; Bartsch, 1993; Roth, 1993). The mafic 
dikes within the footwall stratigraphy are significandy less 
altered than the host rocks. 

Mineralization 
Mineralization in the Eskay Creek deposit is complex and 

encompasses several different styles which are characterized 
by varying locations, mineralogy, textures, precious metal 
grades, and metallurgical characteristics (Fig. 4). The details 
of these zones are discussed in Roth et al. (1998). Only zones 
that are relevant to this study are discussed below. Past pro
duction and proven-probable reserves at Eskay Creek, as of 
December 31, 1998, are 1.9 million tons (Mt) at 60.2 g/t Au, 
2,645 g/t Ag, 3.2 percent Pb, 5.2 percent Zn, and 0.7 percent 
Cu (Homestake Canada Inc., pers. commun., 1999) 
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HWZone 
(Stratiform) 

Massive sulfides 
stratigraphically above 

contact mudstone horizon 

109 Zone 
(Discordant) / 

Vein and disseminated . 
mineralization hosted in rhyolite ' { 

21C Zone 
(Stratiform & Discordant) 

Barite-rich mineralization in contact mudstone 
and disseminated mineralization in rhyolite 

21A Zone 
(Stratiform) 

As-Sb-Hg rich mineralization 
in contact mudstone 

/ NEX Zone 
(Stratiform) 
Massive to semi-massive sulfides 
in contact mudstone 

Pathfinder Zone 
(Discordant) 
Vein and disseminated mineralization 
hosted in rhyolite 
under East Block mineralization 

East Block Mineralization 
(Stratabound) 
Massive to clastic and disseminated 
sulfides in the contact mudstone 

Pumphouse Zone 
0/ (Discordant and Stratiform) 

Vein and disseminated mineralization in rhyolite, 
and bedded to massive sulfides in contact mudstone 

21B Zone 
(Stratiform) 
Bedded, clastic sulfides and 
sulfosalts in contact mudstone 

100 200 
• 300 m 

FIG. 4. Plan map showing the spatial distribution of the mineralized subzones comprising the Eskay Creek 21 zone (mod
ified from Edmunds and Kuran, 1992). 

21A zone 
The 21A zone (Fig. 4) is a small lens of precious metal-rich 

sulfides about 200 m south of the 21B zone. The 21A zone oc
curs at the stratigraphic base of the contact mudstone and 
consists of massive to semimassive stibnite-realgar ± cinnabar 
± arsenopyrite. In the immediate footwall is a discontinuous 
pipelike stockwork of Mg chlorite alteration and a zone of dis
seminated stdbnite-arsenopyrite-tetrahedrite (Roth and God
win, 1992; Roth, 1993). 
21B zone 

The stratiform 21B zone (Fig. 4) is about 900 m long, 60 to 
200 m wide, locally in excess of 20 m thick, and comprises the 
main zone of economic mineralization. The ore comprises 
beds of sulfides and sulfosalts clasts with variable amounts of 
barite, rhyolite, and mudstone clasts. Facies are defined 
within the ore based on variations in clast size, composition, 
and bedding thickness. In the thickest, proximal portion of 
the orebody, pebble- to cobble-sized clasts occur locally com
posed dominantly of sulfides and sulfosalts including: spha
lerite, galena, pyrite, tetrahedrite, freibergite, boulangerite, 
and bournonite. The proportion, texture, and grain size of 
these minerals are variable between clasts. Gold and silver 
occur as electrum and in sulfosalts. Pervasively sericite-
chlorite-altered rhyolite and rectangular mudstone clasts are 

also common, suggesting that they were ripped up during 
emplacement of the bed. 

Clast size and bed thickness typically decrease stratigraph
ically upward, progressively tbinning to fine laminations and 
disseminated sulfides and sulfosalts (Fig. 5A-C) with the pro
portion of mudstone increasing upward. At the distal margins 
of these beds, sulfide-sulfosalt mineralization becomes very 
fine grained and is disseminated in the black mudstone. Thick 
beds near the base of the sequence are commonly uninter
rupted by intervening mudstones and may represent an ag
glomerated sequence. The composition and sedimentary 
structures of the beds are variable. In well-bedded sequences 
individual beds may be dominated by sphalerite or mixed sul
fosalts and vary between graded or ungraded and poorly to 
well sorted. Load and flame structures occur locally at the 
base of some beds. 

Barite occurs locally as massive beds, occasionally with clas
tic textures up to several meters thick. The distribution of 
barite is generally restricted to near the base of the mineral
ized interval. Barite clasts also occur locally within sulfide-sul
fosalt beds. Stibnite in the 21B zone is generally restricted to 
veinlets, which crosscut bedding, or as complete replace
ments of individual beds within the clastic ore. Cinnabar ± re
algar occur locally in the 21B zone, typically associated with 
stibnite as relatively small shapeless masses. 
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F I G . 5. A. Finely graded bed of sulfide-sulfosalt debris with clasts of chlorite-altered rhyolite and mudstone (21B zone). 
Stratigraphic top is indicated. B. Finely laminated and graded beds of sulfides-sulfosalt debris alternating with black mud
stone beds. This sequence passes transitionally upward into mudstones containing fine sulfide-sulfosalt laminations (21B 
zone). Stratigraphic top is indicated. C. Coarse clastic bed of sulfide-sulfosalt rubble, also showing large tabular ripup clasts 
of mudstone (emphasized in white) near the base of the bed (21B zone). D. Thick-banded, crustiform quartz vein with spha-
lerite-pyrite galena margins (109 zone). E. Thin quartz vein with sulfides crosscutting flow-banded rhyolite (109 zone). 

21Czone 
The 21C zone (Fig. 4) is a poorly defined interval of strati

form mineralization hosted in the contact mudstone with ex
tremely fine grained disseminated sulfide mineralization in 
the rhyolite footwall. The 21C zone occurs at the base of the 
contact mudstone at the same stratigraphic horizon as the 
21B zone and separated from 21B by a barren interval of 
mudstone (Roth et al., 1998). Mineralization in the 21C zone 

is generally associated with motded barite-calcite ± tetra
hedrite beds. Locally the beds are brecciated and filled in 
with sulfides, including sphalerite, pyrite, galena, and tetra
hedrite (Roth et al., 1998). 

Hanging-wall zone 
At the northern end of the 21B zone a second interval of 

stratiform mineralization, termed the "hanging-wall <HW) 
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zone" (Fig. 4), is present in mudstone stratigraphically above 
the main zone of 21B stratiform mineralization, usually oc
curring above the first basaltic sill. This interval is present as 
semimassive to massive pyrite, sphalerite, galena, chalcopy
rite, and tetrahedrite. The hanging-wall zone has a much 
higher copper and lower precious metal content than the 
clastic sulfide-sulfosalt ore (Roth et al., 1998). 

Stockwork mineralization 
Discordant quartz sulfide precious metal-rich veins cross

cut and are restricted to the footwall stratigraphy, suggesting 
that they were feeders to the stratiform 21 zone mineraliza
tion. Three zones have been identified: the Pumphouse, 
Pathfinder, and 109 zones (Fig. 4). Sulfide mineralization 
comprises veins to very finely disseminated sphalerite-pyrite-
galena-tetrahedrite. The 109 zone is a distinctive, very precious 
metal rich, discordant zone of quartz veins with coarse
grained, zoned sphalerite, galena, minor pyrite, and chal
copyrite (Fig. 5D-E). Vein textures in the 109 zone are 
banded crustiform quartz sulfides often showing growth zon
ing on a fine scale. The veins locally contain black amorphous 
carbon. Gold and silver occur in electrum and sulfosalts. 

Fluid Inclusion Data 
Fluid inclusion work has concentrated on discordant, stock-

work quartz veins in the footwall rhyolite and on amber-col
ored sphalerite from the detrital sulfide-sulfosalt beds. Con
ventional microthermometric'work has been combined with 
gas and ion chromatographic (GC-IC) analyses to determine 
the temperature and composition of the hydrothermal fluid 
during mineralization. Over 70 doubly polished sections were 
made for fluid inclusion analyses of various mineralized 
zones. Of these, 43 samples had fluid inclusions suitable for 
microthermometric work (Table 2). Freezing data were ob
tained on fluid inclusions that were large enough to permit 
the observation of first and final melting temperatures. Heat
ing data were obtained on the same inclusions as those mea
sured in the freezing experiments and on additional inclu
sions that were too small to measure melting temperatures. 
To ensure that the data are not biased by samples with large 
numbers of fluid inclusions, 5 to 10 inclusions were homoge
nized from each sample; if these yielded consistent results no 
additional inclusions were analyzed. 

Analytical techniques 
Microthermometric data were obtained using a USGS gas-

flow heating-freezing stage, adapted by Fluid Inc. Calibra
tions were performed using organic standards with known 
melting points arid commercial Syn Flinc synthetic fluid in
clusions. The accuracy of the Trendicator thermocouple was 
determined to be within 0.2°C over the temperature range of 
this study. 

Gases were released from inclusions utilizing online crush
ers made of 316 stainless steel (Bray and Spooner, 1992). The 
resultant gases were separated using a 10 ft X 1/8 in.-diam, 
HayeSep R column (in nickel tubing) using the following 
temperature program: 8 min at 80°C, then 10°C/min to 115°C 
and hold. The released gases were analyzed on a Hewlett 
Packard 5890 gas chromatograph equipped with thermal con
ductivity and photoionization detectors (11.7 eV lamp). 

Most of the mineral samples crushed online for gas analysis 
were also leached using deionized water and the inclusion 
contents analyzed by ion chromatography using a Dionex 
2000i ion chromatograph according to the technique de
scribed in Channer and Spooner (1994). Anions were ana
lyzed using AS9/AG9 analytical and guard columns, cations 
using CS3-CG3 analytical and guard columns, respectively, 
and in both cases chemical suppression was utilized. True 
concentrations of fluid inclusions were obtained as H 2 0 had 
been previously analyzed by gas chromatography. 

Petrography 
Fluid inclusions in both sphalerite and quartz are com

monly small (<10 fxm) and generally contain two phases, liq
uid (-90%) and vapor (-10%). Fluid inclusions were classi
fied as primary, secondary, or pseudosecondary based on the 
criteria of Roedder (1984) and Bodnar et al. (1985). Fluid in
clusions classified as primary were aligned along growth zones 
in quartz and sphalerite (Fig. 6A-C). Secondary inclusions 
were aligned along crosscutting fractures, and pseudosec
ondary inclusions were aligned along fractures that did not 
crosscut grain boundaries. Small opaque fluid inclusions are 
also present forming about 10 percent of the total fluid inclu
sion population. These inclusions were coeval with liquid-rich 
inclusions and were aligned along growth planes (Fig. 6A-C). 
These inclusions are most likely vapor rich, formed by trap
ping phase-separated volatiles: however, they could also be 
decrepitated inclusions caused by metamorphism—their ori
gin is uncertain. Microthermometric data could not be ob
tained from the opaque fluid inclusions due to their small size 
and opaque nature. 

Microthermometric data 
Temperatures of first melting were obtained on 91 fluid in

clusions from 24 samples representative of the major miner
alized zones (Table 2). First melting temperatures ranged 
from -44.2 to -30.0°C, with an average of -36.4°C (Fig. 7A); 
no systematic variations were observed between different 
mineralized zones. The first melting temperature approxi
mates the eutectic temperature of the salt-water mixture and 
is consistent with the melting of salt hydrates in the H z O-
NaCl system (Davis et al., 1990). The depression of first melt
ing temperatures down as low as -44.2°C suggests the pres
ence of other salts such as CaCl 2 (Crawford, 1981; Davis et 
al., 1990). 

Temperatures of final melting were obtained from 109 fluid 
inclusions from the same samples as the first melting temper
atures (Table 2). Final melting temperatures ranged from 
-7.2° to -1.5°C, with an average of-3.6°C (Fig. 7B). Salini
ties calculated from final melting temperatures and the equa
tion of Bodnar (1993) correspond to 10.7 to 2.6 wt percent 
NaCI equiv, with an average value of 5.9 wt percent NaCI 
equiv. No systematic variations were observed between dif
ferent mineralized zones. 

Homogenization temperatures are generally fairly consis
tent within each zone. (Table 2) and between individual zones 
with the exception of the 21A zone, which has a somewhat 
higher average temperature. Homogenization temperatures 
for 67 fluid inclusions from 10 samples of the stratiform 21B 
zone mineralization ranged from 95° to 239°C and averaged 
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T A B L E 2. Fluid Inclusion Microthermometric Data 

Sample no. T(flnt>2 T ( « i n l ) S 
T 2 
Mhom) 

Drill hole, depth (m) Host Origin1 CC) (°C) , 'CC) Comments 
21A zone 

CA89 6, 110.0 Qtz P 171 (7) Qtz and cin vein 
CA89 23, 65.7 Qtz P -33.0 (3) -3.3 (3) 210 (9) Qtz and cin vein 
CA89 23,180.5 Qtz P -34.0 (4) -4.6 (4) 164 (6) Qtz and cin vein 
CA89 24,102.3 Qtz P 166(5) Qtz and arsenopyrite vein 
CA89 45,395.5 Qtz P 136 (5) 

Qtz and arsenopyrite vein 

21B zone 
865-G 
830-G 
U52.48.1 
U53, 38.5 
U53, 38.5 
U53, 42.1 
U54, 32.9 
U54, 42.9 
U56, 28.4 
U7 28.7 
U728.7 
U7 28.7 
U7 28.7 
U60, 32.2 
CA89 123, 83.1 
CA89 123, 83.1 
CA89 123, 89.5 
CA89 123, 89.5 
CA89 123, 89.5 
94-680-83,18.0 

Sph 
Qtz 
Sph 
Sph 
Sph 
Sph 
Sph 
Sph 
Sph 
Sph 
Sph 
Sph 
Qtz 
Sph 
Qtz 
Qtz 
Qtz 
Qtz 
Qtz 
Qtz 

S 
P 
P 
P 
PS 
P 
p 
p 
s 
p 
PS 
s 
p 
p 
s 
p 
p 
s 
? 
p 

-37.8 (2) 

-39.7 (3) 
-37.6 (3) 
-36.2 (4) 
-38.3 (4) 
-37.6 (3) 

-4.2 (2) 
-4.4 (1) 
-4.2 (3) 
-4.4 (4) 
-4.2 (5) 
-1.5 (6) 
-4.0 (3) 

-38.6 (4) 

-36.5 (4) 
-37.6 (4) 
-35.1 (8) 

-4.3 (4) 

-4.3 (4) 
-4.1 (4) 
-3.0 (12) 

21C zone 

118(16) 
202 (5) 
144 (5) 
167 (4) 
180(5) 
109 (7) 
165 (3) 
106 (3) 
146(4) 
134 (2) 
139 (3) 
99(1) 

142(5) 
200(4) 
111 (6) 
142(5) 
149 (16) 
142 (4) 
109 (4) 
144 (16) 

Bedded sph and sulfide-sulfosalts 
Qtz with arsenopyrite needles interstitial to s 
Bedded sph and sulfide-sulfosalts 
Bedded sph and sulfide-sulfosalts 

Bedded sph and sulfide-sulfosalts 
Bedded sph and sulfide-sulfosalts 
Bedded sph and sulfide-sulfosalts 
Bedded sph and sulfide-sulfosalts 
Bedded sph and sulfide-sulfosalts 

Qtz interstial to sph 
Bedded sph and sulfide-sulfosalts 
Qtz vein with sph, gn, py, and C 
Sph with Au 
Qtz vein with sph, gn, py, and C 

Qtz, sph, gn vein in flow-banded rhyolite 

CA90 280,113.0 Qtz P 
109 zone 

120(5) Quartz sulfide vein 

CA90 422, 83.0 Qtz P -38.5 (1) -1.8 (2) 130(12) ( Qtz vein with sph, gn, py, and C 
CA90 422, 87.5 Qtz PS 140 (6) Qtz vein with sph, gn, py, and C 
CA90422, 94.0 Sph S -36.8 (1) -1.6 (2) 119 (8) Qtz vein with sph, gn, py, and C 
CA90 422, 94.0 Qtz PS -37.0 (1) -1.7(1) 124 (7) 

Qtz vein with sph, gn, py, and C 

CA90 422, 96.7 Qtz s 146(3) Qtz vein with sph, gn, py, and C 
CA90 422, 96.7 Sph p 159 (1) 

Qtz vein with sph, gn, py, and C 

CA90 422,102.7 Qtz p -38.1 (1) -4.1 (3) 154 (6) Qtz vein with sph, gn, py, and C 
CA90 422 110.0 Qtz p -34.3 (4) -3.5 (5) 156(8) Growth-zoned qtz with coeval sph 
U4.17.5 Qtz p -41.0 (3) -2.6 (3) 135(3) Qtz vein with sph, gn, py, and C 
U4,17.5 Qtz ? 135 (5) 

Qtz vein with sph, gn, py, and C 

U4,17.5 Sph ? -36.6 (3) -4.9 (3) 126(5) 
U4, 45.0 Qtz P -38.0 (3) -4.6 (4) 137 (8) Qtz vein with sph, gn, py, and C 
U4, 47.5 Qtz P 126 (8) Qtz vein with sph, gn, py, and C 
U4, 50.5 Sph PS -35.8 (4) -2.6 (4) 96(11) Qtz vein with sph, gn, py, and C 
U5, 23.0 Qtz s 136(4) Qtz vein with sph, gn, py, and C 
U5, 28.8 Qtz P -36.1 (3) -3.0 (3) 133 (6) Qtz vein with sph, gn, py, and C 
U5,28.8 .. Sph PS -40.9 (4) -3.8 (4) 139 (6) Sph with Au 
U6, 31.0 Qtz ? 141 (5) Qtz vein with sph, gn, py, and C 
U10.4.3 Qtz s -32.1 (6) -2.8 (7) 140 (9) Qtz vein with sph, gn, py, and C 
U10, 20.1 Qtz p -35.8 (2) -2.8 (2) 182 (4) Qtz vein with sph, gn, py, and C 
U10.47.5 Qtz p 155(6) Qtz vein with sph, gn, py, and C 
U50, 2.4 Qtz p -35.8 (1) -1.7 (3) 153 (6) Qtz vein with sph, gn, py, and C 

Pumphouse-Pathfinder zones 
CA90 215,158.0 Qtz P -32.0(1) -5.2(1) 138(3) Qtz with C and sph 
CA90 215,158.0 Qtz ?' 141 (5) 

Qtz with C and sph 

CA90 643,178.0 Qtz P -35.6 (1) -2.9 (1) 145 (5) Qtz vein with gn 
CA90 643, 209.6 Qtz ? 116 (3) Qtz vein with sph and gn 
CA90 643, 209.6 Sph ? 116 (1) 

Qtz vein with sph and gn 

CA90 527,103.9 Qtz ? 161 (4) Qtz vein with sph, gn, and py 
CA90527,110.8 Qtz P -35.7 (6) -3.6 (6) 158 (9) Growth-banded qtz with sph 
CA90 217,110.0 Qtz S 110 (5) Qtz and sph vein in rhyolite 

Late (postmineralization) vein 
U50,76.0 Qtz P -28.2 (2) -0.5 (3) 176 (6) Late quartz carbonate vein 

Mineral abbreviations: ba - barite, C = carbon, cin - cinnabar, cpy ~ chalcopyrite, gn - galena, gyp = gypsum, py = pyrite, qtz = quartz, re = realgar, sph 
= sphalerite, st = stibnite 

'Fluid inclusions: P = primary, PS = pseudosecondary, S = secondary, ? = indeterminate 
2 The number of fluid inclusions used in the averages is enclosed in parentheses 
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FIG. 6. A. Growth banding in quartz, defined by dense populations of pri
mary liquid- and vapor-rich fluid inclusions. Sample CA90 643,178 m. Scale 
bar = 0.1 mm. B. Growth banding in sphalerite clastic grains, denned by ar
senopyrite needles. Sample U7, 28.7 m. Scale bar = 0.1 mm. C. Growth 
banding in a broken sphalerite grain, defined by dense populations of liquid-
and vapor-rich fluid inclusions. The growth bands do not mimic the grain 
shape and are locally truncated at grain margins, suggesting that the spha
lerite grain was broken during sedimentary transport. Sample U7, 28.7 rn. 
Scale bar = 1 mm. 

141°C (Fig. 8A). Twenty-seven homogenization temperatures 
from four samples from the 21A zone ranged from 147° to 
228°C and averaged 181°C (Fig. 8B), excluding a deeper vein 
sample. Homogenization temperatures obtained for 188 fluid 
inclusions from 20 samples of the 109 zone and footwall veins 

A 

-46 -44 -42 -40 -38 -36 -34 -32 -30 -28 
Temperatures of First Melt (°C) 

Salinity (wt. % NaCI equiv.) Fj 

-7 -6 -5 -4 -3 -2 -1 0 
Temperatures of Final Melt (°C) 

[ 7 7 — 1 Primary r — i Secondary Indeterminate iL-^ama ^ - - iQiMrtz *•»«• Quartz 

Primary i 1 Secondary angn Indatarminata 
^ m Sphalerite 1 'Sphalerite " ™ Sphalerite 

FIG. 7. A. Temperatures of first melt, approximating the eutectic temper
atures. B. Temperatures of final melt and equivalent salinities calculated 
from the equation of Bodnar (1993). 

in the 21B zone ranged from 54° to 189°C and averaged 
136°C (Fig. 8C). Temperatures from 35 fluid inclusions from 
six vein samples from the Pumphouse-Pathfinder zone 
ranged from 105° to 176°C and averaged 141°C (Fig. 8D). 

For both the freezing and homogenization temperature 
data, only a single population is recognized. Secondary fluid 
inclusions have the same distribution as primary and pseu-
dosecondary inclusions, suggesting a similar composition. 
The secondary fluid inclusions formed after the host mineral; 
however, based on their microthermometric properties they 
are still most likely related to the mineralizing fluids. One 
sample of a late quartz-calcite vein which crosscuts the over
lying basalt, clearly postmineralization, was sampled and ana
lyzed (Table 2). This sample yielded higher temperatures of 
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B 
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n=27 J 
6 0 80 100 120 140 160 180 2 0 0 220 240 

Homogenizat ion Temperature (°C) 

60 8 0 1 0 0 120 140 160 180 200 

10-i D 

8-
Pumphouse 
Pathfinder Zones 

S 6 avg.141"C 

1 J 

lE 4-
n-35 

2 

0 

Homogen iza t ion Temperature (°C) 

y7—\ Primary 
^Quartz 
mmm Primary 

Sphalerite 

[23 Secondary 
Quartz 

| | Secondary 
Sphalerite 

| Indeterminate 
Quartz 

I Indeterminate 
Sphalerite 

Late Quartz with 
Stibnite 

FIG. 8. A.-D. F l u i d inc lus ion homogenizat ion temperatures for the 21B, 21A, 109, a n d P u m p h o u s e - P a t h f i n d e r zones, re 

spectively. N o t e the d iagrams share c o m m o n x axes. 

first and final melting, averaging -28.2° and -0.5°C, respec
tively, suggesting a low-salinity NaCl-dominated fluid. Similar 
low-salinity fluids were not recognized from primary or sec
ondary fluid inclusions in any of the mineralized samples 
examined. 

Fluid inclusion gas analysis 
Gases analyzed from 29 mineral separates of 26 samples in

cluded H 2 0, C0 2 , C H 4 > and. N 2 (Table 3). Several hydrocar
bon species were also determined; however, their abundances 
were low and they were only detected in a few samples. Since 
N 2 , CO, Ar, and 0 2 elute at the same time, the N 2 concentra
tion reported is a combination of these gases and is, therefore, 
a maximum value. Water is by far the most abundant volatile 
component in the fluid inclusions, comprising between 95.7 
and 99.8 mole percent of the total gas content, averaging 98.9 
mole percent, with C 0 2 and C H 4 next in abundance. Two 
samples (U53, 42.1 m and CA89 45, 392.5 m) have unusually 
low water contents, less than 97 mole percent. 

Fluid inclusion leachate analysis 
Cl, Br, Na, K, and Li concentrations were determined from 

24 mineral separates of 21 samples by ion chromatographic 

analysis of the fluid inclusion leachates (Table 3), following 
the procedure of Charmer and Spooner (1994). The Cl con
tent of the fluid inclusions ranged from 576 to 1,839 mmole/1 
and averaged 1,169 mmole/1, whereas the Br content aver
aged 0.76 mmole/1. The Na, K, and Li contents of the fluid in
clusions averaged 985,1,234, and 13.0 mmole/1, respectively. 

Stable Isotope Data 
Oxygen isotope analysis was conducted at the University of 

Michigan on handpicked quartz separates using standard 
techniques. Fifteen quartz separates, which had well-defined 
primary fluid inclusion homogenization temperatures were 
analyzed for oxygen isotope ratios (Table 4). Most of the 
analyses were done in duplicate and showed good repro
ducibility. The 8 l s O values ranged from 9.9 to 13.7 per mil. 

Sulfur isotope measurements were determined at the Uni
versity of Waterloo on handpicked sulfide and sulfate sepa
rates using standard techniques. Forty sulfide separates and 
eight sulfate separates were analyzed for sulfur isotope ratios 
(Table 5). Of these 48 samples, 26 had duplicate analyses and 
two had triplicate analyses. Although many of the samples 
showed good reproducibility (± 0.5%o), several, mainly from 
the 21A zone, had poor reproducibility. This may be the result 
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TABLE 4. Oxygen Isotope Data 

Sample no. slscu T(hom)' 8 1 8 OH 2 O 8 1 8 OH 2 O 8 1 8 OH 2 O 
Drill hole, depth (m) 8 1 8 O q K 

(avg) (°C) • (Tfhom)) (175°C) (200°C) 

21A zone 

CA89 6,110.0 13.7 13.7 171 0.1 0.3 2.0 
CA89 23, 65.7 13.3 13.3 13.3 210 2.2 0.1 1.6 
CA89 23, 65.7 13.7 210 2.6 0.3 2.0 
CA89 24, 102.3 12.9 13.0 12.9 166 -1.2 -0.5 1.2 

21B zone 

CA89 123, 83.1 11.0 11.0 142 -5.2 -2.4 -0.7 
94-680-830, 18.0 9.9 10.2 10.0 144 -6.0 -3.4 -1.7 

109 zone 

CA90 422, 87.5 12.0 12.5 12.2 140 -4.2 -1.2 0.5 
CA90 422, 102.7 13.1 13.0 13.0 154 -2.1 -0.4 1.3 
CA90 422, 110.0 10.4 10.5 10.4 156 -4.6 -3.0 -1.3 
U4, 17.5 10.9 11.2 11.0 135 -5.9 -2.4 -0.7 
U4, 47.5 13.5 13.4 13.4 126 -4.4 0.0 1.7 
U6, 31.0 11.7 10.8 11.2 141 -5.1 -2.2 -0.5 
U50, 2.4 10.9 10.9 10.9 153 -4.3 -2.5 -0.8 
U7, 28.7 10.3 10.3 10.3 142 -5.9 -3.1 -1.4 

Pumphouse-Pathfinder zones 

CA90 215, 158.0 11.7 13.1 12.4 140 -4.2 -1.0 0.7 

1 Averaged primary fluid inclusion hdmogenization temperatures 
Calculated using the A q a M J M ! r equation of Clayton et al. (1972) 
Abbreviations are the same as those used in Table 2 

of impurities or inherent 834S variations within the samples. 
The S^S data for sulfides ranged from -3.3 to 12.2 per mil, 
with the bulk of the data between 0 and -2 per mil. The S^S 
data for sulfates ranged from 29.3 to 21.7 per mil with one 
value at 1.0 per mil. 

Discussion 
Eskay Creek is a precious metal-rich sulfide-sulfosalt de

posit. The geologic relationships closely constrain the timing 
of mineralization to a hiatus between the rhyolitic and basaltic 
magmatism during deposition of the mudstone. The strati
form mineralization at Eskay Creek mainly comprises massive 
to semimassive sulfide-sulfosalts beds with well-preserved 
clastic textures. The geometry of the 21B zone and the asso
ciation with localized volcaniclastic rocks in the immediate 
footwall suggest that deposition occurred in a north-trending 
subbasin that was active during deposition of the rhyolite 
(Roth et al., 1998).'The clastic textures of the sulfide-sulfosalt 
material suggest that it originated as a sea-floor mound, with 
deposition of the clastic material resulting" from normal sea
floor mass wasting and deposition, or destabilization of the 
mound by hydrothermal eruption processes. 

Fluid properties 
Fluid salinities determined by gas and ion chromatographic 

analyses have a similar range as those determined by mi
crothermometric techniques. The salinities range from sea
water values (-0.5 m) to over three times seawater salinity. 
No fluid inclusions were observed with salinities less than 

seawater. The salinities are similar to those of modern vent 
fluids (e.g., compilation of de Ronde, 1995; Von Damra, 
1995). 

The fluid inclusion homogenization temperatures for the 
various mineralized zones are uniformly low. The 109 and 
21B zones, which have produced the bulk of the data, have 
low fluid temperatures averaging less than 150°C (Fig. 8A, 
C). Pressure is unlikely to have a large effect on the homoge
nization temperatures since the hydrothermal system was dis
charging onto the sea floor, and based on comparisons with 
modern systems the maximum depth is unlikely to have ex
ceeded 3,000 m (300 bars). These pressures would corre
spond to a temperature correction of less than 40°C (Potter, 
1977). Even if the maximum correction is applied (40°C), the 
temperature of the hydrothermal fluid still averages less than 
200°C. Such values are unusually low compared to modern 
black smokers, which typically range from 250° to 350°C, or 
ancient volcanogenic massive sulfide deposits which generally 
have fluid inclusion temperatures in excess of 250°C (e.g., 
compilation of de Ronde, 1995). The low fluid temperatures 
observed at Eskay Creek are more consistent with white 
smokers or other low-temperature submarine hydrothermal 
systems. 

The gas content of fluid inclusions can be a sensitive indi
cator of liquid-vapor phase separation as volatiles are differ
entially partitioned into a vapor phase according to their sol
ubilities (Giggenbach, 1980; Henley, 1984; Thomas and 
Spooner, 1992). Of the three most abundant gases in the pre
sent study, N 2 will partition into a vapor phase first, followed 
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Sample no. 
Drill hole, depth (m) Mineral SMS s 3 ^ 

21A zone 

CA89-023,59.9 St 1.39 
CA89-023, 60.3 Cin 6.77 
CA89-023, 60.3 Re 6.75 
CA89-023, 81.7 Py -0.83 
CA89-023, 81.7 Sph -0.67 
CA89-024,102.3 St 1.46 
CA89-043,101.1 Cin 12.23 
CA89-044, 174.5 ^ -1.44 
CA89-045, 392.5 Sph 2.46 
CA90-465, 135.1 Ba 22.70 
CA90-465, 148.7 Ba 23.68 
CA89-465,145.1 Sph -0.04 
CA90-465,145.1 Gn 0.85 

I. 96 

II. 38 

2.11 

21B zone 

1.39 
4.37 
6.75 

-0.83 
-0.67 
1.46 

11.81 
-1.44 
2.29 

22.70 
23.68 
-0.04 
0.85 

865G 
94-865-G 
U-52, 48.1 
U-52, 48.1 
U-53, 42.1 
U-55, 26.5 
U-56, 28.4 
U-56, 28.7 
CA89-123, 83.1 
CA89-123,89.5 
94-450-865,68.0 
94-680-830, 18.0 
94-680-830,18.0 
94-650-830,14.7 

Sph 
Ba 
Sph 
Sph 
Sph 
Sph 
Sph 
Sph 
Sph 
Sph 
Sph 

Sph 
Gyp 

-1.55 
27.61 
-1.98 
-1.52 
-1.46 
-1.24 
-1.52 
-1.15 
-1.10 
-0.86 
-2.85 
-1.58 
-0.64 
23.76 

-1.78 

-1.85 
-1.46 
-1.12 
-2.74 

-0.67 
22.88 

21C zone 

-1.55' 
25.30 
-1.98 ' 
-1.65 
-1.46̂  
-1.24 
-1.52 
-1.50 
-1.28 
-0.99 
-2.80 
-1.58 
-0.66 
23.32 

CA90-418,145.5 Ba 29.32 28.25 

HW zone 

24.28 27.28 

CA90-214, 58.3 
CA90-243, 73.1 
CA90-327,38.0 
CA90-390,117.6 
CA90-380, 117.6 
CA90-390, 117.6 

Ba 
Ba 
Ba 
Gn 
Sph 
Py 

0.97 
23.67 
21.67 
-2.45 
-0.52 
-0.12 

22.99 
21.85 
-2.37 
-0.53 
-0.28 

109 zone 

22.55 
0.97 

23.07 
21.76 
-2.41 
-0.53 
-0.20 

U-04, 45.0 
U-04,50.5 
U-05,28.8 
U-06,28.8 
U-06,31.0 
U-06,31.0 
U-06,31.0 
U-10,4.3 
CA90-422, 94.0 
CA90-422,110.0 

Sph 
Sph 
Sph 
Sph 
Cpy 
Gn 
Sph 
Sph 
Sph 
Sph 

-0.38 -0.45 -0.42 
-1.42 -1.42 
-1.14 -0.97 -1.06 
-0.84 -0.85 -0.85 
-1.42 -1.03 -1.23 
-3.13 -2.69 -2.91 
-1.68 -1.68 
-0.55 -0.55 
-1.48 -1.30 -1.39 
-0.47 -0.34 -0.41 

Pumphouse-Pathfinder zone 

-2.86 -3.24 -3.05 
-0.63 -0.60 -0.62 
-1.51 -1.50 -1.51 

Quarry zone 

-1.15 -3.32 -2.24 

CA89-159,174.3 
CA89-159,174.3 
CA90-643,209.5 

Gn 
Sph 
Sph 

TR-94-LM1 

Abbreviations are the same as those used in Table 2 
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by C H 4 , and then CO z . As a result of phase separation, the 
CO2/CH4 and C 0 2 / N 2 ratios will increase systematically in the 
residual fluid. A model boiling trend was calculated for these 
gases using the technique of Henley (1984), assuming adia
batic open boiling. The similar slope of the observed gas ra
tios (Fig. 9A) and the model boiling trend suggests that the 
hydrothermal system was undergoing Liquid-vapor phase sep
aration and was partitioning volatiles into a vapor phase. For 
fluid inclusions with both microthermometric and gas data 
(Fig. 9B), the higher temperature fluids have the lower 
C 0 2 / C H 4 gas ratio and the lower temperature fluids have the 
higher C 0 2 / C H 4 ratio. This relationship is consistent with liq
uid-vapor phase separation and the CO2/CH4 ratio increasing 
as the fluid phase cools by vapor loss. 

The gas and ion chromatographic analysis of fluid inclu
sions is a bulk sampling technique. The samples analyzed 

A 

B 

80 100 120 140 160 180 200 220 

Homogenization Temperatures (°C) 
Fic. 9. A. Gas ratios for fluid inclusions as determined by gas chromatog

raphy. A linear relationship in ratios for gases with variable solubilities sug
gests that liquid-vapor phase separation occurred during trapping of the fluid 
inclusions. A model boiling trend was calculated for these gases using the 
technique of Henley (1984), assuming adiabatic open boiling from tempera
tures between 200° and 100°C in 5° increments. After each stage the vapor 
was removed and the gas ratios recalculated. The length of the curve corre
sponds to 5 wt percent loss of the water to a vapor phase. B. Fluid inclusion 
COj/CH^ ratio vs. homogenization temperature. 

were small and carefully selected, but the gas ratios may have 
been affected by mixing of different generations of fluid in
clusions. Although this remains a possibility, no evidence for 
these secondary fluid populations, derived from exotic fluids, 
were seen in the microthermometric data and the samples an
alyzed by gas and ion chromatography were the same as those 
analyzed by microthermometric techniques. Similarly the gas 
ratios may have been affected by redox reactions within the 
hydrothermal system, as organic carbon occurs locally in the 
footwall of the mineralization. Although gas ratios may repre
sent different fluid inclusion populations or the ratios may 
have been affected by a variety of processes such as redox re
actions, it would be highly coincidental if the end result of 
these effects would be to mimic phase separation and allow 
the gas ratios to form a relationship with homogenization tem
peratures. A more reasonable explanation for these relation
ships is that gas ratios and homogenization temperatures varied 
as a result of phase separation within the hydrothermal system, 
which is consistent with the petrographic observations of co
eval liquid- and vapor-rich fluid inclusions in growth zones. 

Fluid-sulfur source 
The 81 80 values of quartz separates (Table 4) allow the iso

topic composition of the fluid to be calculated using the tem
perature-dependent quartz-water fractionation factor of 
Clayton et at. (1972). The 818OH2O values, calculated using the 
fluid inclusion homogenization temperatures, range from 
-6.0 to 2.6 per mil but tend to be less than 0 per mil (Fig. 
10A). If an equilibration temperature of 175°C is assumed, 
instead of the homogenization temperature, the 8 1 8OH20 val
ues range from -3.4 to 0.3 per mil (Fig. 10B); if a tempera
ture of 200°C is assumed, the 8 1 80H2O values range from -1.4 
to 2.0 per mil (Fig. 10C) and cluster around 0 per mil. The 
818OH2O values for sea-floor hydrothermal fluids typically 
range from 0 to 2 per mil (e.g., de Ronde, 1995) and by anal
ogy the calculated values for Eskay Creek samples are ex
pected to cluster about this range. The slightly higher equi
librium temperatures (~25°C) required for the 818OH2O 
values to cluster around 0 per mil may indicate that the hy
drothermal fluid was rapidly cooling without equilibrating 
with the precipitating silica, possibly as a result of mixing with 
cool ambient seawater. It may also indicate that the fluid tem
peratures were actually hotter than the homogenization tem
peratures indicate, which may be the result of ambient pres
sures. A 25°C temperature correction for the fluid inclusion 
homogenization temperatures would be required if the ambi
ent pressure was about 150 to 200 bars or the water depth was 
1,500 to 2,000 m (Potter, 1977). This is consistent with the 
fluid pressures discussed later. 

Whole-rock 8 L SO values for a suite of variably altered rhyo
lite (Barrett and Sherlock, 1996) range from 8 to 9 per mil for 
the least altered samples, 10 to 13 per mil for quartz- potas
sium feldspar-altered samples, and about 5 per mil for chlo-
rite-altered samples. The range in values is controlled by the 
temperature-dependent fractionation for the alteration min
erals. Assuming that the altered rocks equilibrated with fluids 
of a normal seawater composition (0%o), the temperature of 
alteration is in the 150° to 200°C range (Barrett and Sherlock, 
1996), which is consistent with the fluid inclusion and 8L SO 
data from quartz separates. 

377 



ESKAY CREEK VMS DEPOSIT, BC, CANADA 

o 
c 
CO 

cr 
CD 

O 

c 
CO 
Z3 
C T P 

99 

• 8 1 8 O q t z 

0 5 1 8 0 H 2 0 at Thorn 

0 2 4 6 

8 , 8 0 ( %o) 

• 8180, 

8 1 0 1 2 1 4 

B 

qtz 
8 1 8 0 H 2 o a t 1 7 5 ° C 

- 6 - 4 - 2 0 2 4 6 8 

8 1 8 0 ( %o) 
1 0 1 2 1 4 

The bulk of the sulfur isotope data varies around 0 per mil 
for the sulfides and 24 per mil for sulfates (Fig. 11). The av
erage sulfide 8MS value is -0.4 per mil, generally consistent 
with sulfur derived from either a deep-seated igneous source 
(~0%o) or reduction of seawater sulfate (e.g., Ohmoto et al., 
1983). The main variation in the sulfide isotopic data is the 
high SMS values for realgar and cinnabar samples from the 
21A zone. These samples have SMS values of up to 12.2 per 
mil and most likely represent a different sulfur source than 
the other zones. To produce such high 8MS values at temper
atures around 200°C, requires o^Sî s values in excess of 10 
per mil (Ohmoto and Rye, 1979). These samples with ele
vated S^S sulfide values may be the result of partial reduction 
of seawater sulfate (Huston, 1998), however, the significance 
of this is uncertain as it appears to be restricted to the 21A 
zone and occurs in only two samples. 

The average S^S value for sulfates is 21.0 per mil. If the un
usually low barite sample (CA90-214, 58.35 m) is excluded, 
the average 8MS value is 24.0 per mil. The sulfate 834S values 
are generally about 5 to 6 per mil higher than those of Juras
sic seawater (18-19%c; Claypool, 1980), suggesting a domi
nantly seawater sulfate source. The higher sulfate values may 
indicate that partial reduction of seawater sulfate occurred, 
forming sulfides, with the residual hydrothermal sulfates hav
ing higher 8MS values (Ohmoto and Rye, 1979; Huston, 
1998). One sample of barite with an unusually low 834S value 
(0.97%o) suggests a second source for sulfate, possibly oxida
tion of hydrothermal sulfide (e.g., Seccombe et al., 1990). 

Sulfide mineral pairs were sampled to examine equinbrium 
temperatures using the fractionation equations (Ami,,-,,,!,,) of 
Ohmoto and Rye (1979). Of the seven pairs, three gave dise
quilibrium (negative) temperatures and the remaining four 
gave temperatures that are much higher than those obtained 
from fluid inclusions and oxygen isotopes, suggesting disequi
librium. The lack of isotopic equilibrium between the sulfide 
mineral pairs precludes any detailed interpretation of the sul
fur isotope data, beyond generalization on sulfur sources. 

>< 4 
O c . 
CD 3 
CT 3 
CD 

• ^Oqtz 
0 8 1 8 O H 2 O a t 2 0 0 ° C 

- 6 - 4 - 2 0 2 4 6 

8 , 8 0 ( % c ) 

8 1 0 - 1 2 1 4 

FIG. 10. A. Oxygen isotope data and calculated compositions of water in 
equilibrium at the homogenization temperatures. B. Calculated at 175°C. C. 
Calculated at 200°C. Based on the fractionation equation of Clay
ton et al. (1972). 

Fluid pressure and depth of boiling estimate 
The water depth in which the Eskay Creek deposit formed 

is uncertain since the contact mudstone which hosts the 21 
zone deposits lacks sedimentalogical evidence for water 
depth. However, the volcanic-sedimentary sequence which 
stratigraphically underlies the footwall rhyolite suggests a 
shallow-water environment, with coarse-grained clastic sedi
ments locally containing shallow-water fauna and fossil wood 
fragments (Nadaraju, 1993). Regionally, Bartsch (1993) de
fined a facies transition in footwall sedimentary rock from 
coarse-grained shallow marine sediments in the south to 
shale-dominated, possibly deeper marine sediments to the 
north. 

Fluid inclusion gas and homogenization temperature data 
allow a fluid pressure to be calculated which equates to a min
imum water depth or, if the fluid is boiling, an absolute water 
depth. Fluid pressures were calculated for each sample using 
fluid inclusion gas concentrations and homogenization tem
peratures, following the methodology of Henley (1984): 
Henrys law constants at low temperatures were calculated 
using the gas solubility expressions of Giggenbach (1980). 
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FIG. 11. A. dMS values of sulfides and sulfates grouped according to mineralogy. Seawater sulfate value from Clayton et 

al. (1980). B. SMS values grouped according to location. Mineral abbreviations: Ba = barite, Cin = cinnabar, Cpy = chal
copyrite, Gyp = gypsum, Py = pyrite, Re = realgar, Sph = sphalerite, St = stibnite. 

Ideally all the samples analyzed should vary about an average 
fluid pressure that approximates the true fluid pressure, de
pending on the data quality and the gas solubility expressions. 
However, both fluid and vapor-rich inclusions are present in 
the samples, and during gas analysis both types of inclusions 
will be sampled in variable and unpredictable proportions. Al
though the vapor-rich inclusions are less common, comprising 
only about 10 percent of the total fluid inclusion population, 
they are present in all the samples examined and will con
tribute disproportionately to the gas and ion chromatographic 
analysis. Vapor-rich inclusions also concentrate the less solu
ble gases such as C H 4 and N 2 , since these are the initial 
volatiles to be partitioned into a vapor phase. The effect of 
sampling vapor-rich inclusions is to overestimate the gas con
tent of the hydrothermal system and correspondingly yield a 
greater calculated fluid pressure, depending on the ratio of 

liquid- to vapor-rich inclusions. Secondary fluid inclusions are 
not likely to be a significant contamination problem since 
they have microthermometric properties similar to primary 
fluid inclusions and are probably related. 

The fluid pressures calculated in the above manner are 
variable, ranging from <150 bars to >20 kbars (Table 3), with 
the bulk of the data between 250 and 300 bars -{Fig. 12). Con
verted to water depths, the pressure ranges from -1,500 m to 
>200 km, with the bulk of die data between 2,500 and 3,000 
m. Three samples which gave relatively shallow calculated 
water depths, averaging 1,500 m, are probably the best indi
cators of the depth of boiling since they most likely had the 
minimum contribution from vapor-rich fluid inclusions. 
These three samples also have microthermometric properties 
that are indistinguishable from other fluid inclusions. Sam
ples which yielded very high fluid pressures are mainly the 
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FIG. 12. Histogram of calculated fluid pressures calculated using C0 2 , C H 4 , N 2 contents, fluid inclusion homogenization 

temperatures, and the procedure of Henley (1984). The Henry's law constants at low temperatures were calculated using the 
gas solubility expressions of Giggenbach (i980). 

result of high N 2 and C H 4 contents, most likely due to contri
butions of vapor-rich inclusions. Since N 2 and C H 4 have very 
low solubilities, and corresponding high partitioning coeffi
cients at low temperatures, low concentrations of these gases 
will result in high calculated fluid pressures. 

The gas ratios presented (Fig. 9A, B) suggest that phase 
separation occurred in the hydrothermal system. Phase sepa
ration may have occurred in the subsea floor with the gas ra
tios being preserved in the fluid inclusions. If phase separa
tion was occurring at depth, the gas pressures calculated 
equate to the water depth plus the depth below the sea floor 
where phase separation was occurring. This suggests that the 
inferred 1,500-m water depth is a maximum and may repre
sent the depth at which phase separation occurred in the sub
surface. 

In subaerial geothermal systems, fluid pressures are com
monly up to 10 percent in excess of hydrostatic pressure, con
sidered the hydrodynamic pressure (Hedenquist and Henley, 
1985). The inferred 150-bar fluid pressure represents the hy
drodynamic fluid pressure. The hydrothermal system at 
Eskay Creek may conceivably have developed transient high 
fluid-gas pressures due to self-sealing of the discharge vents 
and or gas caps developing. These pressures, in excess of the 
hydrostatic pressure, may have resulted in hydrothermal 
eruptions (Hedenquist and Henley, 1985). These in turn may 
have destabilized the sulfide-sulfosalt sea-floor mounds, re
sulting in debris flows and the clastic and bedded nature that 
characterizes most of the 21B zone mineralization. Evidence 
for transient high fluid pressures may be preserved in some of 
the high calculated fluid pressures. 

Variation in salts 

Halogen ratios are useful in determining the source of salts 
in fluid inclusions, since under most geologic conditions Cl 
and Br will behave conservatively and will not fractionate with 
respect to each other (Bittenhouse, 1967; Yoshida et al., 1971; 
Collins, 1975). The measured Br concentrations (Fig. 13A) 
are fairly consistent varying about -0.5 mmoles/1, whereas the 
Cl concentrations are more variable. As a result the Cl/Br ra
tios are variable and do not form a single population. The 
lower salinity fluids have Cl/Br ratios similar to those of mi-
docean ridge (MOR) fluids, whereas the high-salinity fluids 
have much higher ratios and are unlikely to have originated 
from seawater. The saline fluids have high Cl/Br ratios similar 
to those measured in magmatic fluid inclusions (Bohlke and 
Irwin, 1992; Irwin and Roedder, 1995) and are also similar to 
ratios measured in volatiles discharged from volcanic fu-
maroles in Japan (Sugiura et al., 1963). A plot of Cl/Br ratios 
of inclusions against their homogenization temperatures (Fig. 
13B) shows that the highest temperature fluids have the low
est Cl/Br ratios (consistent with MOR-type fluids), whereas 
the lower temperature fluids have the highest ratios (much 
different from MOR fluids). 

Anion-cation ratios are not as useful as halogens in deter
mining the source of the salts since cations are readily af
fected by water-rock interactions. Na/Cl ratios (Fig. 14) are 
similar to the range expected for seawater and cluster around 
the range observed for active MOR-type fluids (de Ronde, 
1995; Von Damm, 1995). Some of the higher salinity fluids 
have more variable Na/Cl ratios but they are still dispersed 
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FIG. 13. A. Br vs. Cl contents of fluid inclusions. Also shown is the range 
in MOR-type fluids and a seawater trend (Von Damm, 1995), the range for 
magmatic fluids from Irwin and Roedder (1995) and Bohlke and Irwin 
(1992) for various magmatic fluid inclusions, and the compositions of vol
canic fumaroles in Japan (Sugiura et al., 1963). B. CI/Br ratios vs. the average 
primary fluid inclusion homogenization temperature for each sample. Also 
shown is the range in CI/Br ratios for MOR vent fluids and an inferred mix
ing trend between the latter and a low-temperature magmatically derived 
fluid. 

about a seawater trend. The Na/Cl ratio varies from 0.2 to 1.5 
and averages 0.8, which is similar to the range in ratios found 
by Pisutha-Arnond and Ohmoto (1983) for the kuroko mas
sive sulfide deposits. 

The K/Na ratios are variable (Fig. 15 A, B). The K/Na ratio 
ranges from 0.08 (similar to MOR-type fluids) to 3.5 and in
creases with increasing Cl content (Fig. 15A). The K/Na ratio 
also tends to increase with decreasing temperature (Fig. 
15B). The average K/Na ratio of 1.2 seen at Eskay Creek is 
much higher than the ratios found by Pisutha-Arnond and 
Ohmoto (1983) for the kuroko massive sulfide deposits, which 
ranged from 0.02 to 0.32. Similarly, K/Na ratios measured in 
fluid inclusions from the Hellyer massive sulfide deposit 
range from 0 to 1.06 (Khin Zaw et al., 1996), generally lower 
than what is seen at Eskay Creek. 
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FIG. 14. Na vs. Cl content of fluid inclusions. Also shown are ranges in 
B MOR-type fluid compositions and seawater trends (Von Damm, 1995). 

Samples with higher K/Na ratios have higher CI/Br ratios, 
whereas samples with lower K/Na ratios have lower CI/Br ra
tios (Fig. 16). Samples with the lowest CI/Br and K/Na ratios 
are very similar in composition to modern-day MOR fluids 
and most likely represent end-member seawater composition. 
Samples with the highest Cl/Br and K/Na ratios represent a 
second fluid that has halogen ratios that are similar to those of 
magmatic fluids (Sugiura et al., 1963; Bohlke and Irwin, 1992; 
Irwin and Roedder, 1995) and K/Na ratios that generally ex
ceed what is observed from magmatic fluid inclusions (Irwin 
and Roedder, 1995). There appears to be a continuous spec
trum of samples between the two end-member fluids. 

This second fluid is enigmatic as there was no indication of 
mixing in the microthermornetric data. The high K/Na-Cl/Br 
fluid may have been derived from a secondary fluid inclusion 
population that was not detected during microthermornetric 
analysis. This possibility is unlikely as the K/Na and Cl/Br ra
tios show a relationship to homogenization temperature. The 
saline fluid may have originated from a dense brine produced 
during an earlier stage of magmatic-hydrothermal activity, 
which equilibrated with the reservoir rocks. This fluid may 
have mixed with, and been entrained in, the seawater-domi-
nated hydrothermal system that formed Eskay Creek. The re
lationship of this saline, potassium-rich fluid to mineralization 
is uncertain. 

Precious metal enrichment 
Eskay Creek has at least an order of magnitude higher gold 

and silver grades than more typical gold-rich, polymetallic 
massive sulfide deposits, such as Myra Falls and Tulsequah 
Chief in British Columbia (~ 2.5 g/t Au; Sherlock et al., 1996), 
Rosebery and Que River in Tasmania (2.9 and 3.4 g/t gold, re
spectively; Large et al., 1989; Large, 1992). The Henty mas
sive sulfide deposit in Tasmania has highly elevated gold 
grades, 27 g/t (Halley and Roberts, 1997) but still averages 
less than half the gold content of Eskay Creek and does not 
have the high silver and base metal contents. One of the dis
tinctive features of the hydrothermal fluid that formed the 
Eskay Creek deposit is its low fluid temperature (<200°C) 
and the inference of Uquid-vapor phase separation. Huston 
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and Large (1988), Hannington and Scott (1989), and Large et 
al. (1989) suggest that bisulfide complexing is most likely the 
dominant transport mechanism for gold in massive sulfide 
systems at temperatures less than 300°C. Chemical changes 
in the residual fluid resulting from liquid-vapor phase separa
tion provides a very effective mechanism to precipitate gold 
transported as a bisulfide complex (Seward, 1973; Drum-
mond and Ohmoto, 1985; Cole and Dnfmmond, 1986). Sim
ilarly, at these temperatures and salinities silver is also most 
likely transported as a bisulfide complex (Gammons and 
Barnes, 1989) and will be precipitated dominandy as silver-
bearing sulfosalts during liquid-vapor phase separation. 

Base metals are probably transported predominantly as 
chloride complexes (Large et al., 1989), although, at these low 
temperatures the solubility of chloride-complexed metals is 
greatly reduced. The base metals at Eskay Creek are domi
nated by zinc followed in abundance by lead and copper 
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Fic. 16. K/Na vs. Cl/Br. Also shown is an approximate MOR-type fluid 
composition and an inferred mixing trend between the MOR fluid and a 
magmatically derived fluid. 

which occur as sulfides and sulfosalts. Barrett and Anderson 
(1988) have shown that the solubility of zinc is much greater 
than lead (or copper) at these low (<200°C) temperatures and 
by inference the resultant precipitate from a low-temperature 
fluid will be zinc rich. Large et al. (1989) have shown as a re
sult of a decrease in temperature from 300° to 200°C, the sol
ubility of copper and zinc as chloride complexes will decrease 
by over two orders of magnitude, whereas the solubility of 
gold as a bisulfide complex actually increases over the same 
temperature range. Precipitation of iron sulfides is largely 
controlled by the ZFe, H2S, and H 2 contents in the hy
drothermal fluid which is generally buffered by pyrite- and 
iron-bearing silicates in the footwall rocks (Ohmoto, 1986), 
and the solubility of which tends to increase with increasing 
temperature (Ohmoto et al., 1983; Ohmoto, 1996). 

The precious metal grade of a deposit is simply the amount 
of gold and silver that has precipitated compared to all the di
luting components. The relatively high gas content allowed 
fluid boiling at, or near, the sea floor at relatively low temper
atures, which is a very effective precipitation mechanism for 
gold and silver. There is little gold mineralization stratigraph
ically below the footwall rhyolite, suggesting that the boiling 
zone of the hydrothermal fluid was restricted to the sea floor 
and immediate footwall (<100 m subsea floor). Base metals 
and iron sulfides were also precipitated at or near the sea 
floor, most likely due to cooling of the fluid as a result of de
compression and mixing with ambient seawater (Ohmoto et 
al., 1983). This is a very ineffective precipitation mechanism, 
especially at these low initial temperatures, with perhaps as 
little as 1 to 10 percent of the chloride-complexed metals re
tained in a sulfide mound (Edmond etal., 1979). The effi
cient transportation and precipitation processes for gold and 
silver, combined with the inefficient transport and precipita
tion mechanisms for base metals and iron sulfides, resulted in 
a sea-floor deposit that was unusually high in gold and silver. 

Although the hydrothermal system was relatively low tem
perature it transported and deposited a significant amount of 
precious and base metals—over 3.5 Moz Au, 160 Moz Ag, and 
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100,000 t Zn, making this a significant hydrothermal system 
equivalent to a large subaerial epithermal deposit. 

Modern-day analogues 
The best modem-day analogue with Eskay Creek mineral

ization is the JADE hydrothermal field in the Okinawa 
trough. The JADE field is hosted by dacitic rocks and is form
ing from a boding, 320°C hydrothermal system at a relatively 
shallow-water depth of 1,300 m. Mineralization at the JADE 
field is dominated by sphalerite, galena, tetrahedrite, and 
barite with up to 24 ppm Au, 11,000 g/t Ag, 1.4 wt percent 
As, and 3,200 ppm Sb. Mercury concentrations are not re
ported, but cinnabar is present, suggesting high Hg contents 
(Halbach et al., 1989, 1993; summary of Hannington et al., 
1998). The gas contents of the JADE field are 198 mM (0.36 
mole %) C0 2 , 12.4 mM H2S (0.02 mole %), and 2.4 mM 
(0.004 mole %) C H 4 (Sakai et al., 1990). The CO z contents at 
JADE are comparable to Eskay Creek, but the C H 4 contents 
are much lower. The higher gas content in the Eskay Creek 
hydrothermal system allowed for boiling to occur at lower 
temperatures but a similar depth as the JADE field. Vents 
with a similar gas content as the Eskay Creek hydrothermal 
system have not been found on the modern sea floor. 

Summary 
The hydrothermal system that formed the Eskay deposit 

was low temperature (<200°C) with a relatively high gas con
tent. Fluid inclusion petrography and measured gas ratios are 
consistent with liquid-vapor phase separation occurring in the 
hydrothermal system. The calculated fluid pressures from 
fluid inclusion data are variable with the bulk of the data be
tween 250 and 300 bars, which equates to a 2,500- to 3,000-
m water depth. These analyses include a contribution from 
vapor-rich fluid inclusions and most likely overestimate the 
fluid pressure and water depth. Three samples gave lower 
calculated fluid pressures of ~150 bars (1,500-m water 
depth), which are considered the best indicators of the boil
ing depth since they most likely had the minimum contribu
tion from vapor-rich fluid inclusions. 

Oxygen isotope ratios of quartz separates and whole-rock 
data suggest that the dominant component of the hydrother
mal fluid was seawater at relatively low temperatures (< 
200°C). Fluid inclusion leachates suggest mixing of a seawa-
ter-derived fluid and a fluid with high K/Na and CI/Br ratios 
compared to normal seawater. The high-sahnity fluid has 
halogen and cation ratios that are consistent with a magmatic-
derived fluid. The relationship of this fluid to mineralization 
is uncertain. Sulfur isotope data suggest that the sulfide sul
fur may have been derived from a combination of igneous 
sources or by reduction of seawater sulfate. The dominant 
origin of the sulfate sulfur was seawater, although one barite 
sample may contain oxidized igneous sulfur. 

Mineralization at Eskay Creek is inferred from geologic 
and fluid inclusion evidence to have formed by fluid boiling 
at or near the sea floor, in a relatively shallow-water setting. 
Fluid boiling is an effective precipitation mechanism for gold 
and silver. Base metal and iron sulfides were also precipitated 
at or near the sea floor, however, the low solubility and inef
fective precipitation mechanisms for base metals at these low 
temperatures resulted in precious metal-rich mineralization. 

The best modern-day analogue of Eskay Creek mineralization 
is the JADE hydrothermal field in the Okinawa trough, which 
is undergoing phase separation in 1,300 m of water, precipi
tating Zn-Pb-Au-Ag-barite with an associated epithermal 
suite of elements. 
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Mineralogical Characterization and Hg Deportment 
in Field Samples from the Polymetallic Eskay 

Creek Deposit, British Columbia, Canada 
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ABSTRACT 

Applied and process mineralogy in the mining industry is the application and utilization of mineralogical 
information. Mineralogy is used in understanding and solving problems during exploration and mining, 
processing of ores and related materials. It involves the characterization of minerals and materials and 
interpretation of data. Such an example is presented by a study of three composite field samples from the 
Eskay Creek Mine, British Columbia, Canada. Mineralogical techniques, including optical mineralogy, 
scanning electron microscopy, and electron microprobe analyses, coupled with chemical assays, are used to 
determine the textural features and the Hg distribution among the minerals and the samples. The 
contribution of accurate mineralogical information in such a study can assist in solving metallurgical 
problems and offer petrogenetic evidence with regards to the type, time and sequence of mineralization. 

Keywords: Eskay Creek Mine, British Columbia, Canada, applied mineralogy, cinnabar, 
mercury-bearing tetrahedrite and sphalerite, mercury distribution, Sb-Pb-sulphosalts, geolog
ical and metallurgical implications. 

1. APPLIED MINERALOGY 

1.1. General Principles 

Applied mineralogy in the mining industry is the application of mineralogical 
information to understanding and solving problems encountered during exploration 
and mining, and during processing of ores, concentrates, smelter products and related 
materials [1]. It involves characterizing minerals and materials and interpreting data. 
In the industry, applied mineralogy is a valuable tool in providing accurate 
information within certain time frames [2]. 
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1.2. Instruments and Tools 

Microscopic methods, including the use of reflected and transmitted light microscopy 
and Scanning Electron Microscopy (SEM) with an Energy Dispersive X-ray 
Spectrometer (EDS), are useful in determining metallic minerals. 

Reflected light microscopy is used to identify the minerals, determine grain-size 
variations, textural and paragenetic relationships, and associations among sulphides, 
sulphosalts and non-opaque minerals. Scanning Electron Microscopy is necessary to 
reveal more complex textures and paragenetic relationships among coexisting minerals, 
associations of economic minerals and gangue minerals (sulphides, oxides, silicates and 
carbonates), and is crucial to understanding hydrothermal processes and ore genesis. X-
ray diffraction (XRD) analysis is a quick and inexpensive technique for the identification 
of minerals that are present in more than 1 vol. % in the examined samples. 

Analytical methods include electron microprobe analyses (EMPA) and whole-rock 
analyses (WRA: commonly with XRF: X-ray Fluorescence and ICP-MS: Inductively 
Coupled Plasma - Mass Spectrometry). Electron microprobe analyses provide 
accurate information on the specific chemistry of the minerals. Many minerals in 
nature occur as solid solution series (e.g., plagioclase feldspars and tetrahedrite-
tennantite). Others can accommodate metals such as Ni in olivine, Cr in pyroxene and 
magnetite, Ag, Hg, Zn among others in tetrahedrite, and Hg, Cd, Fe in sphalerite. 
Coexisting minerals can contain variable amounts of such elements in the same 
samples, ore zones and deposits. Therefore, electron microprobe analyses are 
absolutely necessary to define the values of elements in such minerals that deviate 
from ideal compositions, assist in calculating the metal distribution among minerals, 
and consequently yield valuable data for metallurgical test purposes. 

Chemical assays of the ore samples are equally important for exploration purposes, 
calculating grades and assisting in determining the distribution of specific elements. 

Mineral exploration techniques include identifying minerals and determining 
mineralogical characteristics of rocks and ore deposits. Mineral processing operations 
are performed to produce concentrates that have satisfactory grades and metal or 
mineral recoveries, and tailings that can be disposed in an environmentally safe 
manner. Mineralogy is an integral part in both areas. 

Ideally, calculations of metal distributions, commonly dealt in the industry, such as 
Ag, AurZn, Cu and Pb, among others, should be determined on ground products and 
specific grain size fractions to overcome the large grain size variation in coarse 
samples. These should be coupled with chemical assays, electron microprobe anal
yses and detailed modal estimations involving either Image Analysis methods or a 
QEM-Scan (Quantitative Evaluation of Minerals by Scanning Electron Microscopy). 

The problem-solving process in metallurgical applications is critical. Specific 
problems have to be identified, and answers and solutions must be provided for the 
continuation of test programs within certain time frames. However, in reality detailed 
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mineralogical examinations in the industry are performed according to the needs of 
the project at different stages. The mineralogical analysis and characterization of head 
samples are important at the beginning of any project and the lack of mineralogical 
investigations can lead to erroneous conclusions. 

A mineralogical examination has been carried out for composite field samples 
from the Eskay Creek Deposit, British Columbia, Canada, with the objective of 
determining the overall mineralogy (mineral identification, textural characterization) 
and the deportment of mercury in three samples. The scope of the paper is to illustrate 
the value of applied mineralogy. In particular, to demonstrate its uses in describing 
textural relationships for petrogenetic and metallurgical purposes, calculating 
elemental distribution among different minerals, samples and ore zones, and outline 
some of the advantages and disadvantages of different techniques in performing such 
studies in short periods of time. 

2. GEOLOGY AND MINERALIZATION 

2.1. General Geology 

The Eskay Creek deposit is hosted in Middle Jurassic volcanic and sedimentary rocks. 
Starting at the base, the host sequence comprises a succession of andesite, marine 
sedimentary rocks, intermediate to felsic volcaniclastic rocks, rhyolite, mudstone which 
hosts stratiform mineralization, and basaltic sills and flows which are intercalated with 
turbiditic mudstones. The sequence is capped by a thick accumulation of clastic rocks, 
which fill the Bowser Basin. The mine stratigraphy is folded into a north-northeast 
trending upright open fold, plunging gently to the north. Stratiform ore lenses occur on 
the western limb of the fold, near the fold closure, and generally dip 30 to 45 degrees to 
the west. Northwest trending faults, as well as north to northeast axial planar faults, cut 
the sequence. Metamorphic grade in the area is lower greenschist facies. 

The Eskay Creek deposit is a polymetallic, gold and silver-rich, volcanic-hosted, 
massive sulphide deposit. By the end of 1999, the mine had produced 1.24 million 
ounces of gold and 58.6 million ounces of silver from 696,000 tons of ore. Proven and 
probable reserves at the beginning of 2000 were estimated at 1.61 million tons 
grading 1.46 ounces per ton gold and 68.3 ounces per tonne silver. Ore in the deposit 
is subdivided into subzones distinguished by mineralogy, texture, grade and 
metallurgical characteristics. The bulk of stratiform ore is contained in the 21B and 
NEX zones, which are hosted in marine mudstone overlying rhyolite. The 21B zone 
is a tabular body of bedded sulphides and sulphosalts dominated by sphalerite, 
tetrahedrite and lead-sulphosalts with lesser galena and pyrite, and minor 
arsenopyrite. Stibnite and rarely cinnabar locally overprint the ore. The NEX zone 
lies north of the 21B lens, at the same stratigraphic.horizon, and consists of mainly 
massive sphalerite, tetrahedrite, galena and lesser le!ad-sulphosalts, with late 
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chalcopyrite stringers crosscutting the lens. The Hanging Wall (HW) zone is 
stratigraphically above the NEX zone, usually above the first basaltic sill, and is 
dominated by pyrite, sphalerite, galena and chalcopyrite. Stockwork vein and 
disseminated sulphides are present in the rhyolite, most notably in the 109, 21C and 
Pumphouse zones. Detailed descriptions of the orebodies are found in [3-5]. 

3. MINERALOGY 

3.1. Sample Characterization 

Three composite field samples (referred to herein as "A," "B" and "C") were 
examined from a localized, Hg-enriched portion of the polymetallic Eskay Creek 
deposit. The objectives were to determine (i) the overall mineralogy and, (ii) the 
deportment of mercury. Table 1 provides the assays for the three samples. 

The three samples contain mainly fine- to medium-grained and variable contents 
of sphalerite [(Zn, Fe)S], tetrahedrite [Cu9Fe2+3Sb4Si3], cinnabar (HgS), stibnite 
(Sb2S3), pyrite (FeS2), bournonite (PbCuSbS3), Sb-Pb-S-(Cu)-(Ag) sulphosalts includ
ing boulangerite (Pb5Sb4Su), zinkenite (Pb9Sb22S42) and falkmanite (Pb5Sb4Sn), 
chalcopyrite (CuFeS2), gold and electrum, arsenopyrite (FeAsS), galena (PbS), Fe-
oxides and non-opaque minerals. 

On the basis of the analytical and preliminary mineralogical data, it appears that 
the sphalerite accounts for the Zn contents in the samples. However, the distribution 
and deportment of the other metals (Hg, Ag, Sb, Pb) is not easily estimated without 
prior mineralogical knowledge, because of the variability of the mineral species and 
their capacity to host variable amounts of elements. Therefore, additional work was 
required to properly define the speciation of the different metals. 

Overall, the three samples display similar textural characteristics albeit different 
mineral contents and sizes. A summary of the overall mineral assemblage and 
volume % of each mineral for the three samples is presented in Table 2. 

Cinnabar occurs as anhedral particles forming polycrystalline, but essentially 
monomineralic, free grains, and binary and ternary intergrowth particles predomi
nantly with stibnite and non-opaque minerals (barite). It is typically finer grained in 
samples "B" and "C" (typically < 50 urn) than that in "A." 

Table 1. Chemical assays. 

Setting Hg S As Sb Pb Zn 

g/t % % % % % 

"A" -54900 22 0.49 24.5 7.16 11.2 
"B" 1630 t.89 0.12 6.1 1.26 2.08 
"C" 1950 8.5 0.48 6.68 2.91 4.76 
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Table 2. Volume percent (vol.%) and size (in microns) of minerals in the samples. 

Sample "A" "B" "C" A+B+C Sample 
vol.% vol.% vol.% Size 

Cinnabar 1.8 0.06 0.06 10-500 
Tetrahedrite 8 0.6 0.6 20-600 
Sphalerite 18 3 6 50-600 
Stibnite 18 4.5 5.5 30-300 
Pyrite 2 2.5 2.5 2-350 
Sb-Sb-S-(Ag)-(Cu)* 2** 0.2 0.5 2-300 
Zinkenite 15 1.5 1.5 2-300 
Chalcopyrite 0.1 0.5 0.2 1-200 
Galena - 0.5 1 10-100 
Gold 1 0.1 0.1 1-100 
Arsenopyrite 0.2 0.1 0.1 2-150 
Fe-oxides 0.2 0.2 0.2 2-100 
Non-opaque minerals 34 86 82 10-1000 

* Minerals include: boulangerite, falkmanite, bournonite. 
**: Mainly boulangerite. 

Sphalerite forms intergrowths (90%) predominantly with stibnite, zinkenite, 
galena, pyrite and non-opaque minerals (Fig. 1). It displays granular, and mottled 
textures, but also occurs as free particles (< 10%) and scarce inclusions (< 1%) in 
other sulphides and sulphosalts. It is also the host of abundant pyrite, galena, 
tetrahedrite, chalcopyrite (locally disease-like) and gold inclusions. 

• ^ — 3 0 urn 
BEI JUN5001-HgSlfslts-PS12301-P#82 

Fig. 1. Back-scattered image from an electron microprobe showing stibnite (bright grey), tetrahedritt 
(medium grey), and sphalerite (dark grey). 
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Tetrahedrite occurs as subhedral free particles (20%), but is also associated (80%) 
with mainly sphalerite and stibnite exhibiting moderately complex intergrowths. It 
hosts fine-grained inclusions of stibnite, pyrite and gold. 

Stibnite occurs as subhedral particles forming polycrystalline, monomineralic 
aggregates. It displays variably complex intergrowths (50%) and granular textures 
with sphalerite, pyrite, tetrahedrite and non-opaque minerals, forming mosaics up to 
2 mm in size. It is locally highly fractured and sheared in the polycrystalline particles. 

Zinkenite occurs mainly as intergrowths (> 80%) with, and inclusions (~10%) in, 
tetrahedrite, sphalerite, pyrite, and non-opaque minerals. Minor amounts of free 
(~10%) grains are also present. 

Galena, present only in "B" and "C" typically forms binary and ternary granular 
intergrowths with sphalerite, chalcopyrite and non-opaque minerals. Locally, it 
displays very complex locking characteristics with pyrite. 

Pyrite is granular, porphyroblastic and framboidal in habit, and of bimodal size 
distribution. It occurs as free grains and intergrowths with sphalerite, stibnite, 
tetrahedrite, zinkenite and non-opaque minerals. It also forms euhedral to subhedral 
grains disseminated in non-opaque minerals. In places, it displays drop-like, graphic 
textures of complex nature with tetrahedrite and galena. 

Other Pb-Sb-S-(Ag)-(Cu) species include boulangerite (predominantley in "A"), 
bournonite, falkmanite and occur mainly as intergrowths (80%) with, and inclusions 
in, sphalerite, non-opaque minerals, tetrahedrite, pyrite and galena. Sparse free grains 
are also observed. 

Gold and electrum occur as anhedral grains, typically intergrown with sphalerite, and 
tetrahedrite. They are observed locked in sulphides, along micron-sized thin fractures 
associated with sphalerite, zinkenite, pyrite, and tetrahedrite. A few grains are exposed 
to the surface of the epoxy, but still associated with sphalerite and tetrahedrite. 

Chalcopyrite occurs as intergrowths (80%) with, and inclusions (15%) in, 
sphalerite (disease inclusions), pyrite, tetrahedrite, galena and non-opaque minerals 
and free grains (5%). Arsenopyrite occurs as locked particles in sulphides and 
sulphosalts. Native As or As-0 is present in trace amounts in "C" (< 15 um in grain 
size) and is locked in carbonates. Fe-oxides occur as fine-grained particles forming 
aggregates that replace and/or intergrown with non-opaque minerals. 

Non-opaque minerals include mainly barite, quartz, sericite/muscovite and clay-
sized minerals. They occur as liberated grains, but most commonly as aggregates and 
intergrowths with sulphides and sulphosalts. 

4. ELECTRON MICROPROBE DATA 

Electron Microprobe Analyses were carried out on cinnabar, sphalerite, tetrahedrite, 
Pb-Sb-S-(Cu)-(Ag) sulphosalts, pyrite and galena. It was determined mat the 
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Table 3. Average values of Hg in sphalerite and tetrahedrite. 

Sample "A" "B" "C" 
wt.% wt.% wt.% 

Tetrahedrite 15.6 10.14 3.83 
Sphalerite 8.05 3.7 1.58 

cinnabar, tetrahedrite and sphalerite are the main Hg carriers. Average Hg values vary 
between 1.58 and 8.05 wt.% in sphalerite, and 3.83 and 15.6 wt.% in tetrahedrite 
(Table 3). 

The Hg content in sphalerite in sample "A," ranges from <0.5 to ~ 16 wt.%, and 
that in "B" from ~0.1 to ~6.5wt.%, thus both exhibiting a great variability. 
However, sphalerite in sample "C" displays the lowest Hg, and most consistent 
values (1.1 to 2.3 wt.%). A frequency diagram displays the distribution of Hg in 
sphalerite among the different samples (Fig. 2), that is the number of the analyses at 
intervals from <2 to > 14 wt.% Hg. Substitution of Zn by Hg is demonstrated by a 
significant correlation coefficient, 0.9946 (Fig. 3). High Hg sphalerite has generally 
lower Zn contents, whereas the low Hg sphalerite has higher Zn contents. However, a 
noticeable gap is noted between ~3 and 8 wt.% for "A," and 1 and 5 wt.% for "B." 
The average Fe content in sphalerite ranges from 0.47 wt.% in "A," 0.78 wt.% in "B" 
and 0.63 wt.% in "C." Subtle zoning in a few sphalerite grains identified with X-ray 
mapping reveals more information, but needs further refinement and will not be dealt 
herein. 

The Hg content in tetrahedrite in sample "A" illustrates small variations, and 
ranges from ~13.7 to ~16.2wt.%, that in "B" shows a large range (~2.5-12 wt.%), 
whereas that in "C" has some of the lowest Hg values of all these samples, and ranges 
from ~2.5 to 6 wt.%. 

0-2 2-4 4-6 6-8 8-10 10-12 12-14 >14 
Hg wt.% 

Fig. 2. Histogram of Hg (wt.%) in sphalerite among the three samples. * 
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50 55 60 
Zn wt. % 

65 70 

Fig. 3. Correlation between Hg and Zn concentrations displays Hg substitution for Zn in the structure of 
sphalerite. -

Tetrahedrite appears to form three different groups in the samples (Fig. 4). "A" has 
high Hg values associated with Ag values typically 9-11 wt.%. Tetrahedrite from 
"B" appears to be similar in composition to "A" with the exception of a few scattered 
analyses. However, that from "C" appears to form its own group with high Ag values, 
up to 22 wt.% {friebergite composition: [(Cu,Ag,Fe)12Sb4Si3)]} and mercury values 
generally below 6 wt.%. The Ag content in tetrahedrite in "A" and "B" is consistent 
(9-~ll wt.%), whereas tetrahedrite in "C" has Ag contents between 14.5 and 
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Fig. 4. Hg versus Ag from electron microprobe analyses of tetrahedrite from the three samples. 
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22 wt.%, which are the highest values among the three samples. The Zn content varu 
inversely with Hg (R2 = 0.9083). The highest Zn content is recorded in " C " and al: 
in few analyses in "B." Fe and Hg display an antipathetic relationship. The 
relationships suggest that Fe, Zn and Hg compete for the same site in the tetrahedri 
structure, and that the Hg antipathy to either Zn or Fe is more likely due to physical < 
chemical conditions during formation than crystal-chemical preferences [6]. 

Electron microprobe analyses were also carried out in other sulphides ar 
sulphosalts. In sample "A," boulangerite. and falkmanite average 3.20 wt.% H 
zinkenite 0.24 wt.%, pyrite 0.06 wt.% and stibnite 0.15 wt.%. In sample "B," galei 
averages 0.34 wt.%, zinkenite 0.24 wt.%, and stibnite 0.16 wt.%. In sample "C," t! 
average Hg content of the various Pb-Sb-S-(Cu)-(Ag) sulphosalts ranges from 0.28 
0.44 wt.%, 0.13 wt.% for stibnite, and 0.35 wt.% for galena. Cinnabar was al 
analyzed but the composition in the three samples is close to stoichiometr 
composition (Hg = 86.22 wt.%, S = 13.78 wt.%). 

These compositional varieties may indicate fundamental differences in tl 
mineralization process such as availability of metals, location within the ore zone 
local conditions, and/or changes in fluid composition (oxygen and sulphur fugacit 
within the ore body. 

Other information collected includes the Ag content of, mainly, Sb-Pb-S-(Cv 
(Ag) sulphosalts (up to 5 wt.%) and galena (<0.2 wt.%). This information provid 
valuable data for the Ag distribution. 

5. GEOLOGICAL AND MINERALOGICAL IMPLICATIONS 

Because the samples are ground, their textural features are not completely intai 
However, the mineralogical observations indicate that they have common textui 
characteristics. Sulphides and sulphosalts are intergrown with each other formi? 
granular, simple and complex intergrowths, with grain boundaries ranging frc 
straight and curvilinear to scalloped with micro mutual interpenetration (a ft 
microns). The presence of these types of sulphosalts is a real challenge for optk 
mineralogists because their properties differ very little. 

Pyrite also appears to be of two different textural types, shapes and sizes, that m 
indicate different ore-forming hydrothermal solutions (S activity, oxidation star 
location within the ore-body, low temperature (fine-grained sizes), fluids of differ! 
origin and high temperatures (coarse-grained sizes). In such cases sulphur isotoj 
can further assist in defining the differences. 

Sphalerite is of at least two (and possibly three) textural (fine and coarse-graim 
and chemical varieties (Hg-rich and poor) within the same, but also among ' 
different, samples. These may correspond to different mineralization styles, crys 
growth, and have major influences on mineral liberation and ore treatment. 
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Chalcopyrite disease in sphalerite may also indicate exsolution from a previously 
existing single phase that had undergone unmixing during cooling, co-precipitation or 
secondary alteration [7]. Zinkenite was observed as veinlets cutting sphalerite, 
commonly associated with gold, indicating more than one episode of ore formation 
and gold mineralization may have taken place. 

Tetrahedrite, sphalerite and pyrite and non-opaque minerals are enclosed by large 
stibnite polycrystalline aggregates. Stibnite and Sb-Pb-S-(Cu)-(Ag) sulphosalts form 
intergrowths with, and display skeletal grains that thin out, in non-opaque minerals. In 
places they appear to have resemblance to symplectitic (fine and complex inter
growths) textures and possibly indicate partial replacement which have been given 
variable interpretations depending on the specific relationships [8]. 

The above data are generic, and can reflect changes in chemical composition of 
hydrothermal fluids, variable mineralization parameters and disequilibrium condi
tions within the ore body. 

Figures 5-7 display back-scattered electron microprobe X-ray maps of minerals 
shown in Figure 1. Each map is approximately 120 microns across. The figures 
illustrate the distribution of Hg, Zn and Sb, respectively, in the minerals, with the 
bright segments indicating elevated elemental contents, whereas the dark indicate low 
contents. Such images are useful to determine zoning and elemental distribution 
within single grains. 

The average Ag/Cu+Ag ratio of the tetrahedrite grains are similar for samples "A" 
and "B," 0.27 and 0.26 respectively, but lower than that in "C" (0.43). 
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30um 
Hg JUN5001-HgSlfs ltS-PS12301-P#82 

Fig. 6. Same image as in Figure 1 illustrating the distribution of Hg. 

Sb JUN5001 -HgSlfs lts-PS12301 -P#82 

Fig. 7. Same image as in Figure 1 illustrating the distribution of Sb. 

Individual samples may display considerable internal variability, however, this 

variability is lower than the overall trend in this part, which shows a distinct increase 

in the value among the different samples. These relationships probably indicate 

chemical zonation and may suggest a strong component of lateral migration for the 

mineralizing fluids [9], and may result when a mineral grows from more chemically 
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evolved fluids at different times. Gold is characterized by distinct shapes and sizes 
(1 to 100 um) and occurs as inclusions, but also controlled along fractures. For 
example, it resembles the shape of micron-sized fractures associated with Sb-Pb-S-
(Cu)-(Ag) sulphosalts in sphalerite that are apparently influenced by its deposition 
interstices. These features indicate different styles of mineralization that may be 
associated with different ore-forming hydrothermal fluids. This type of gold 
concentration may also be related to, and determined by, the degree of possible 
remobilization and recrystallization of the ore. 

However, these observations need further documentation and have to be coupled 
with specific geological and metallurgical information to be interpreted correctly. 
Provided that careful observations have been made and reliable data assembled, then 
subsequent interpretations and deductions can be made with a good degree of 
confidence. The textural descriptions and interpretation can further assist to interpret 
time-sequences of: (1) processes which formed the minerals of a deposit; (2) 
processes which may be enhanced by the coupling of geological information; (3) 
evidence of sequence of mineral reactions [10], and (4) metallurgical planning. 

6. MERCURY DEPORTMENT 

6.1. Methods and Approach 

The deportment of mercury (Table 4) was calculated based on the volume % of each 
mineral converted to weight % of each mineral, and using the average Hg values for 
the analyzed minerals. However this calculation can be prone to errors for the 
following reasons. (1) The modal abundance of all minerals was estimated with an 
optical microscope with the grain counting method, but due to the complexity of the 

Table 4. Mercury distribution. 

Setting 
Mineral 

"A" 
% 

"B" 
% 

"C" 
% 

Cinnabar 50.1 37.3 40.3 
Tetrahedrite 22.2 21.2 9.9 
Sphalerite 24.7 32.1 38.2 
Boulangerite* 1.2 0.3 0.2 
Zinkenite 0.8 1.0 2.0 
Stibnite 0.8 2.8 3.1 
Pyrite 0.2 4.4 3.7 
Galena - 1.0 1.8 
Bournonite - - 0.7 
Total 100.0 100.0 100.0 

*& Sb-Pb-S-(CuMAg) sulphosalts. 
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minerals (liberated grains and intergrowths) and their wide grain size differences, the 
modal abundance may deviate. (2) Electron microprobe analyses of Hg in sphalerite 
and tetrahedrite display wide compositional variations within individual samples, and 
the average Hg values used for the calculations may also deviate as they are directly 
dependent on the number of the analyses of low- and high-Hg minerals. (3) Minor 
amounts of minerals in the samples are difficult to estimate and therefore their 
contribution to the Hg content may also vary. Hence, the Hg distribution in sphalerite 
and tetrahedrite suggests that the deportment of mercury can deviate from the values 
presented in Table 4. 

The distribution of Hg in the samples is a function of the amount of Hg-bearing 
minerals present and their Hg content, with the exception of cinnabar. Cinnabar 
accounts for half of the mercury (Hg) in "A," and 37-40% in "B" and "C." 
Tetrahedrite and sphalerite are the other major carriers and account for ~46-53% of 
the Hg. Minor amounts of Hg occur in boulangerite, zinkenite, stibnite, pyrite, galena, 
bournonite and other Sb-Pb-S-(Cu)-(Ag) sulphosalts. These minerals account for 
3.5-11.5% of the Hg, depending primarily on their volume content in the samples. 

Finally, the precise distribution of the Hg deportment in the samples depends on (i) 
the modal abundance of the cinnabar, sphalerite and tetrahedrite, (ii) the Hg values 
recorded in sphalerite and tetrahedrite and, is influenced by (iii) the variability on Hg 
content (based on the electron microprobe analyses for sphalerite and tetrahedrite). 

7. METALLURGICAL IMPLICATIONS 

The relationship between grains of various minerals in an ore can have profound 
effects upon the ease and completeness with which the minerals may be separated into 
mineral concentrates. 

Mineralogical characteristics (complexity of intergrowths, grain sizes) of the 
minerals indicate that it may be difficult to obtain a good recovery of the valuable 
minerals. 

For example, any process aiming at separation and recovery of mercury cannot be 
only physical in nature (flotation, gravity) because only 50% of the Hg occurs as 
cinnabar that can be physically removed. In addition, high Cu and/or Zn concentrates 
will also have significant Hg content. Therefore, the mineralogical data indicate that 
non-physical processes (leaching, pyrometallurgy) must be used to separate Hg from 
Zn and Cu concentrates. 

Furthermore, sphalerite and tetrahedrite that locally occur as inclusions in Sb-Pb-
S-(Cu)-(Ag) suphosalts will not liberate well from them upon grinding. Grinding will 
expose most of the gold occurring as relatively large grains and along the grain 
boundaries of sphalerite and tetrahedrite. Thus, most of such grains may be concen
trated by gravitational separation or can be exposed to readily allow dissolution by 
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cyanidation. Gold inclusions in sulphides and sulphosalts have less potential to be 
exposed or liberated and therefore may constitute "refractory" gold. Therefore, gold 
will have to be treated with different methods due to the fact that it has distinct modes; 
free, attachments and inclusions. The final methods and processes are subject to 
recovery of other coexisting metals in the deposit. 

Recovery of Ag may also be a difficult process, because high Ag-tetrahedrite does 
not dissolve well, and its solubility depends on the silver content [11]. It also implies 
high Cu cyanide solution, which is not desirable. A good tetrahedrite concentrate 
produced by physical separation (e.g., flotation) will provide a very good Ag recovery 
since it contains most of the metal. 

Overall, mineralogical observations suggest that a bulk sulphide flotation should 
be carried out to concentrate the valuable minerals. A lot of the valuable minerals 
contain "penalty" elements, e.g., Hg in sphalerite and tetrahedrite, and may render 
concentrates with high values of such elements, and therefore undesirable. Gravity 
concentration of gold may yield very good or acceptable recoveries. Cyanidation will 
not recover the fine-grained gold inclusions, nor Ag from tetrahedrite (main Ag-
mineral). Thus, cyanidation is not suggested due to the variety and complexity of the 
minerals. Therefore, a bulk sulphide product should be processed by a pyrome-
tallurgical lab to extract the valuable metals. 

8. CONCLUSIONS 

Textural features of three composite field samples from a portion of the Eskay Creek 
polymetallic mine, British Columbia, Canada, provide information on the 
metallogenesis of the samples, and suggestions for treatment of this type of ore. 

The deportment of Hg has been calculated by utilizing optical microscopy and 
electron microprobe analyses, coupled with chemical assays. Major differences 
among the volume percent of the three major Hg carriers are noted. Hg is hosted in 
cinnabar, sphalerite and tetrahedrite and an array of complex Sb-Pb-S-(Cu)-(Ag) 
sulphosalts. 37-50% of the total Hg content is contained in cinnabar, 10-22% in 
tetrahedrite and <~25-38% in sphalerite. The remainder of the minerals account for 3-
11.5%. Understanding the mercury deportment and distribution in the minerals and 
samples is crucial for metallurgical reasons. The data are currently used for further 
metallurgical tests focusing on the Hg deportment. 

Bulk sulphide flotation and gravity appear the best processes to concentrate most 
of the valuable minerals, and pyrometallurgical processes to extract the valuable 
elements. 

In general, mineralogical data can reveal systematic patterns within individual 
orebodies on micro-, meso- and macroscale and may indicate a large continuous 
deposit that formed from a complex hydrothermal system. It is believed and suggested 
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herein that a comprehensive mineralogical study of ore deposits that includes the 
above methods, is critical to successful exploration, particularly where beneficiation 
is required. Presently, detailed examination is generally recommended because it is 
cost-effective and quick when compared to bulk sample testing. Furthermore, such 
information is necessary during the initiation of the exploration and beneficiation 
tests, and may guide a successful implementation of a metallurgical test programme. 
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