
GEOLOGY AND MINERAL DEPOSITS OF THE 

KETZA RIVER MINING DISTRICT, 

YUKON TERRITORY,

CANADA

by

Michael S. Cathro



ProQuest Number: 10783492

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 10783492

Published by ProQuest LLC (2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106 -  1346



T-3734

A thesis submitted to the Faculty and the Board of Trustees of the Colorado 

School of Mines in partial fulfillment of the requirements for the degree of Master 

of Science (Geology).

Golden, Colorado 

Date: _  tA tw  6  /

Signed: s .  Sczt-o
Michael S. Cathro

Approved: t - /
Dr. Richard W. Hutchinson 
Thesis Advisor

Golden, Colorado

Date: ^J(MUCW /0 ; /? 92~^

Dr/Gregory S: Holden, Associate 
Professor anti Acting Head, 
Department of Geology and 
Geological Engineering



T-3734

ABSTRACT

Stratabound gold-bearing or barren sulfide-siderite deposits occur in Lower 

Cambrian limestone in the western part of the Ketza River mining district, Yukon Territory, 

Canada. These deposits commonly have the form of subhorizontal mantos, although, 

chimney and vein-types are also known, and are mainly composed of pyrrhotite with lesser 

but locally abundant arsenopyrite, pyrite, quartz and carbonate minerals. The eastern part 

of the district contains argentiferous galena-siderite veins hosted by rocks ranging in age 

from Upper Cambrian to Mississippian. The western part of the district is dominated by 

the Ketza uplift, a broad domal structure that exposes Proterozoic(?) and Lower Cambrian 

strata beneath younger rocks. High-angle faults are present within and around the margins 

of the uplift, which is inferred to be underlain by a small, steep-walled intrusion of mid- 

Cretaceous age.

The obscuring effect of deformation makes a definitive genetic interpretation of the 

manto deposits difficult The mantos have some characteristics in common with skam, 

replacement, karst-hosted, and syngenetic exhalative mineral deposits. Although a karst- 

filling model is consistent with some of the stratigraphie and textural data, the main 

arguments against it are the lack of evidence for preexisting paleokarst channels and 

breccias, and the total absence of open space textures in the sulfides or gangue. While the 

mantos show a strong stratigraphie control and display an outward zonation from sulfide to 

manganiferous-siderite-rich deposits on a district scale, the main evidence against a 

syngenetic origin is that the sulfides consistently transect a well-developed stockwork of 

calcite veins.
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The most likely mode of formation of the mantos is a metasomadc replacement 

process. This is supported by the consistent epigenetic relationship of the sulfides 

transecting the older calcite veins, the spatial association of the gold-rich mantos with 

homfels and an inferred intrusion, and the metal suite of Au-Fe-As-Cu-Bi-Sb-Te with low 

Pb-Zn-Ag. This metal suite is typical of the retrograde stage of gold skam deposits such as 

Lower Fortitude, Copper Canyon district, Nevada; Hedley, British Columbia; and Mam, 

Yukon. The Ketza sulfide mantos are interpreted to have formed by metasomadc 

replacement of permeable limestone beds along high-angle faults, joints, and thrust faults. 

The fluids were apparendy confined beneath a thick sequence of relatively impermeable 

shales. The metals were deposited by hot, acidic, reduced fluids that may have been 

derived from the nearby Ketza uplift and its causal mid-Cretaceous intrusion. These 

deposits represent an unusual end member in the spectrum of gold deposits. In terms of 

sulfide mineralogy and structural and stratigraphie setting, they are nearly identical to the 

gold skam class of deposits; however, calc-silicate wallrock alteration is lacking.

Gold-bearing oxide ore at the Ketza River mine occurs adjacent to the sulfide manto 

mineralization, and is thought to have been formed by in situ supergene oxidation of 

sulfides. The timing of the oxidation is not constrained but it may be a recent (Quaternary?) 

phenomenon, caused by groundwater flow along high-angle faults.

Other styles of mineralization in the district include gold-bearing quartz-arsenopyrite 

veins in Proterozoic(?) clastic sedimentary rocks and barren quartz-sulfide veins in Lower 

Cambrian carbonate rocks.

A well-defined hypogene metal zonation in the district suggests that the various 

types of mineralization may all be part of a large hydrothermal system centered on the Ketza 

uplift. The zoning pattern is a half circle which extends outward from Au-As to Pb-Ag

iv
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deposits. Iron minerals mirror this trend and are dominantly pyirhorite-pyrite in the core, 

and siderite-pyrite on the periphery of the district. This is thought to be have been caused 

by cooling and sulfidation of the hydrothermal solutions as they migrated away from the 

intrusion. The pattern is similar to other intrusion-centered districts in the cordillera, in 

particular Copper Canyon, Nevada.
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INTRODUCTION

The Ketza River mining district hosts the Ketza River mine, developed on one of 

the richest lode gold deposits discovered in the Yukon Territory. In addition to its obvious 

economic importance, this deposit has a unique style of mineralization, and may represent a 

previously unknown end-member in the spectrum of carbonate-hosted precious metal 

deposits. The district as a whole exhibits an obvious concentric metal zoning outward from 

gold-rich manto to silver/lead-rich vein occurrences, and it is thought that these two types 

of deposit may be genetically related.

At present no thorough examination of the gold deposit or the district as a whole 

has been made. A thorough description of the Ketza River gold deposit should aid in the 

classification of deposits elsewhere, as well as provide an empirical model and define a 

new exploration target. A further implication for exploration is that other "silver districts" 

in the cordillera should be reevaluated for gold potential with the metal zoning in the Ketza 

district in mind.

Purpose

The main purpose of this study is to describe in detail the macroscopic and 

microscopic features of auriferous sulfide and oxide orebodies which occur in Lower 

Cambrian limestone in the Ketza River district. In addition, the silver-lead veins and other 

less important deposit types in the district are briefly described. A secondary puipose is to 

develop a hypothesis for the genesis of the sulfide deposits, and to suggest how they may 

be related to other types of occurrences in the district. Finally, the sulfide bodies in the 

Ketza River district are compared to deposits elsewhere, and the factors responsible for any
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differences are evaluated. It is hoped that this work will have useful implications for 

exploration, both within the district and elsewhere.

Scope and Methodology 

Field work was completed between June and August, 1986 and consisted mainly of 

surface mapping and/or sampling of over eighty mineral occurrences in the district 

Mapping emphasized the determination of structural and stratigraphie relationships between 

mineralization and host rocks. Where possible, samples of mineralization and host rocks 

were collected from outcrop; however, only dump samples were available from some 

inaccessible workings. In addition, approximately 1,500 m of core from over fifty 

diamond drill holes through eight occurrences was logged, and 200 m of underground 

workings were mapped at a scale of 1:100. Detailed geological mapping and core logging 

were mainly restricted to the Ketza River mine and nearby gold occurrences. Fifty-eight 

samples of mineralization were collected from the Peel zone of the mine, and were 

analyzed for gold by atomic absorption spectroscopy in order to determine which minerals 

are associated with the gold.

Regional geological mapping was limited to confirming structural and stratigraphie 

relationships in key locations, and to completing thorough descriptions of map units. 

District-scale geology presented here is mainly adapted from Canamax Resources Inc. 

maps, with some minor changes due to differences in interpretation.

Hand specimen descriptions of host rocks and mineralization were made both in the 

field, and in the lab under binocular microscope. Mineralized rock samples from the gold 

mine were studied optically in both polished sections and polished thin sections to identify 

minerals and establish paragenetic relationships. Compositions of unidentifiable minerals
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were determined using the Scanning Electron Microscope-Energy Dispersion System 

(SEM-EDS) in the Department of Metallurgy, Colorado School of Mines.

Location and Access

The study area is located in south-central Yukon Territory, Canada, approximately 

50 km south of the village of Ross River and 160 km east-northeast of the city of 

Whitehorse, the territorial capital (Fig. 1). Centered at 61°32'N latitude and 132015'W 

longitude, the thesis area covers the whole of the Ketza River mining district, an area 

roughly 7 km by 11 km in size (Fig. 2). Access to the area is by a 45 km all-weather 

gravel road that connects with the Robert Campbell Highway at a point 19 km southeast 

of Ross River (Fig. 1). Travel within the thesis area is mainly by foot. In some areas 

four-wheel drive high-clearance trucks or all-terrain vehicles can be used on abandoned 

mining roads.

Physiography. Vegetation, and Glacial Features

The study area lies within the northwest-trending Sl Cyr Range of the Pelly 

Mountains. The most pronounced topographic feature in the region is the Tintina Trench, 

which lies 23 km northeast of the thesis area. The Tintina Trench is a northwest-trending 

linear depression which is the expression of the Tintina Fault, one of the major transcurrent 

faults in the northern Cordillera.

The highest point in the area is Ml Misery at 2,170 m above sea level (Fig. 2) and 

topographic relief is about 1,070 m. The area exhibits moderately rugged topography 

with steep cliffs common, especially on limestone peaks. Most of the slopes are scree- 

covered and swamps are present in the valley bottoms. Tree line ranges between about
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Figure 1. Location map of the Ketza River mining district, Yukon Territory, Canada.
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1,370 m and 1,680 m. Vegetation includes conifers, buckbrush and rare groves of slide 

alder below tree line, with mosses and grass above tree line. Snow generally persists on all 

slopes into June, and on north-facing slopes as late as early August. Evidence of 

Pleistocene glaciation is abundant in the study area, the most obvious of which is well- 

formed U-shaped valleys. Erosional features such as cirques, arêtes, and tarns are 

common to the west, while moraines are present in some of the lower valleys, such as the 

Cache Creek drainage.

The northwest-flowing Ketza River forms the eastern boundary of the study area. 

East-flowing tributaries of the river disect the area and include the informally named 

Misery, Peel, and Cache Creeks (Fig. 2).

History

The first European to visit the area was Robert Campbell, a Hudson Bay Company 

trader, who explored the Pelly River in 1843 (Coutts, 1980). The initial geological work in 

the area was done by G.M. Dawson and J.R. Johnson of the Geological Survey of Canada 

(Dawson, 1888; Johnson, 1936); however, neither ascended the Ketza River to the vicinity 

of the study area.

The first mineral discovery in the district was a silver-lead vein found by Hudson 

Bay Mining and Smelting Co. Ltd. prospectors in 1947 (Skinner, 1961). Additional 

silver-lead veins have been discovered over the years by various individual prospectors and 

companies. Exploration and development work has included diamond drilling, trenching, 

road-building, and excavation of twelve short adits. Unfortunately, this work was not 

sucessful in developing significant tonnages of ore.

The Ketza River gold deposit was discovered in the fall of 1954 by Conwest
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Exploration Co. Ltd and has been known by different names over the years including the 

"Peel'Y'Kon", "Boom", and "Woodcock". Conwest explored the deposit from 1955 until 

1960 with trenching and 75 diamond drill holes, and developed a modest reserve of 68,000 

tonnes grading 12 grams per tonne gold (g/T Au; Woodcock, 1955; Rotherham, 1958; 

1959; Parry and others, 1984). The property then lay idle until 1984 when Pacific Trans- 

Ocean Resources Ltd. optioned the property from Conwest and entered into a joint venture 

agreement with Canamax Resources Inc. An aggressive drilling and underground 

development program culminated in the start of commercial production at the Ketza River 

mine in July, 1988. The mine was operated by Canamax Resources Inc. until September, 

1990 when it was closed due to depletion of reserves. After the pre-production tune-up 

phase, a total of 307,397 tonnes were mined at an average grade of 10.7 g/T, according to 

company annual reports. Total production (including tune-up) was 3,150.0 kg of gold 

(97,976 troy ounces) from a total of 340,684 tonnes milled. The average recovered grade 

was 9.25 g/T (0.270 oz/ton).

Previous Work

Published accounts of the geology and mineral deposits of the Ketza River mining 

district include regional scale, preliminary series geological maps by the Geological Survey 

of Canada (Wheeler and others, 1960; Templeman-Kluit, 1977a), short papers by the 

Geological Survey of Canada presenting results of field work and preliminary 

interpretations (Tempelman-Kluit, 1977b; 1979; Templeman Kluit and others, 1975;

1976), a detailed study of the Lower Cambrian biostratigraphy in the western part of the 

thesis area (Read, 1980), and annual government reports ( Skinner, 1961; 1962; Green and 

Godwin, 1964; Green, 1965; 1966; Findlay, 1967; 1968; 1969; Morin and others, 1980;
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Debicki, 1981; Lueck, 1986). In addition, a small number of articles make reference to the 

Ketza River district in the context of Yukon geology, metallogeny, or exploration (Aho, 

1963; Archer, 1967a; Gabrielse, 1969; Morin, 1977; 1981a; 1981b; Godwin and others, 

1982; Mortensen, 1982). More recent publications include two overview articles on the 

geology and mineral deposits of the district (Abbott, 1986a; 1986b), and a summary of the 

author's field work including a compilation of mineral deposit descriptions (Cathro, 1988). 

An unpublished M.Sc "term project report" on the geology and ore controls of the gold 

deposits was presented by Toohey (1986) at Queen's University. A study on the stable 

isotopes and fluid inclusions in the gold ores is being completed by J. A. Stavely at the 

University of Alberta and results have been published in abstract form (Stavely and others, 

1991).

Although the bulk of written material on the Ketza district appears large, no 

thorough description of the local geology has been published, and the rocks have not yet 

been assigned formal names. A memoir on the Quiet Lake 1:250,000 scale map sheet is 

currently being prepared by Templeman-Kluit that is expected to include formal names and 

lithologie descriptions. The most detailed, local geological descriptions and maps of the 

study area are in the form of unpublished, often confidential, company reports and 

assessment reports (Woodcock, 1955; Aho and Padgham, 1956; Rotherham, 1958; 1959; 

Archer, 1967b; 1968; MacLeod, 1959; La Prairie, 1968a; 1968b; 1968c; 1968d; Sadlier- 

Brown and Nevin, 1978; Parry and others, 1984; 1985; Orssich and others 1985). Some 

useful information is also available in published company annual reports, magazine and 

newspaper articles, and unpublished texts of presentations made by company geologists.
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REGIONAL GEOLOGY 

Tectonic Setting

The southwestern portion of Yukon Territory is part of the complex and poorly 

understood belt of "accreted terranes" extending along the Pacific coast from Baja 

California to Alaska. In simple terms, this belt is made up of numerous interleaved and 

rotated fragments, or "terranes" of continental and oceanic crust. Many of these terranes 

have been transported great distances or have unknown origins and are thus known as 

"exotic" or "suspect". A terrane is defined as having a geological history which is 

distinctive from neighboring terranes, and is separated from its neighbors by major faults, 

structurally complex zones, intrusive rocks or a cover of younger rocks (Monger and 

others, 1982).

In this lithotectonic terminology, the Ketza River mining district and the 

surrounding central Pelly Mountains are part of the Cassiar terrane (Fig. 3) which is 

considered to be a displaced sliver of the ancestral North American continental miogeocline 

(Monger and Berg, 1984). The Cassiar terrane is sandwiched between two slices of the 

allochthonous Yukon-Tanana terrane, and is thought to have been displaced 450 to 900 km 

northwesterly along the Tintina fault (Fig. 4; Gabrielse, 1985). It has a stratigraphie and 

faunal record which is very similar to rocks of the North American miogeocline which 

occur nearby, but must still be considered as"suspect" (in the strict sense of Coney and 

others, 1980) since its original position is not precisely known.

The Cassiar terrane is further defined as a "coherent" terrane which is the ideal or 

simplest kind of terrane (Monger and Berg, 1984). These have either "layer cake" 

stratigraphy or simple demonstrable internal facies changes.
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Geology of the Central Pellv Mountains 

Although the precise original location of rocks of the Cassiar terrane in the Pelly 

Mountains is debatable (Gabrielse, 1985), there is firm agreement that they were originally 

part of the ancestral North American miogeocline. It is therefore logical to describe the 

deposition of these rocks in terms of the overall development of the miogeocline.

Proterozoic through Triassic deposition

A relatively stable continental miogeocline existed in northwestern North America 

between Precambrian and Middle Jurassic time (Abbott and others, 1986). The primary 

tectonic elements of this miogeocline are shown on Figure 5. The central Pelly Mountains 

are mainly underlain by sedimentary rocks of the Pelly-Cassiar platform portion of the 

miogeocline. A diagrammatic section across the Pelly-Cassiar platform is included as 

Figure 6.

The oldest known rocks in the Pelly Mountains are Upper Proterozoic, locally 

metamorphosed, clastic rocks informally named the "Grit Unit" (Templeman-Kluit and 

others, 1975; 1976; Abbott and others, 1986). Detrital zircons from this unit have yielded 

U-Pb ages of 2.2 Ga (Erdmer and Baadsgaard, 1987). Many authors have recognized the 

similarity of these rocks to grits of the Windermere Supergroup of southeastern British 

Columbia as described by Young and others (1973). The Grit Unit is interpreted to have 

been deposited in a west-deepening clastic wedge (Abbott and others, 1986) and is 

overlain, apparently conformably, by Lower Cambrian calcareous shale and a thick 

sequence of shallow water limestone (Read, 1980).
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Proterozoic to Jurassic tectonic elements of the northern Canadian 
miogeocline. 450 km dextral offset on the Tintina fault system has been 
restored (modified after Cecile, 1982 and Abbott and others, 1986).
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Figure 6. Diagrammatic section across Pelly-Cassiar platform through the central 
Pelly Mountains in the vicinity of the Ketza River mining district Time 
lines (dotted) in the Omineca Crystalline Belt part of the diagram are 
approximate (after Templeman-Kluit, 1977b).
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Above a major mid-Cambrian unconformity, representing emergence and erosion, volcanic 

rocks and black shale of the Kechika Group were deposited throughout the Pelly 

Mountains (Templeman-Kluit and others, 1976). This sequence suggests a relatively long 

period of deeper water sedimentation, becoming more restricted-circulation in Ordovician 

time. These rocks are conformably overlain by, and interbedded with, Silurian siltstone of 

the Pelly-Cassiar platform (Templeman-Kluit and others, 1976).

The Pelly-Cassiar platform (Fig. 6) includes Silurian to Middle Devonian carbonate 

rocks, siltstone, quartzite, and minor shale that represent deposition in a predominantly 

shallow marine, stable platformal environment (Gabrielse, 1967; Templeman-Kluit and 

others, 1976; Mortensen, 1982; Gordey and others, 1987). The presence of an important 

Late Silurian-Early Devonian unconformity (Templeman-Kluit and others, 1976) suggests 

that the platform may have been emergent at this time. To the northeast and southwest of 

the Pelly-Cassiar platform, in the Selwyn basin and the Nasina outer-shelf respectively, 

deeper water clastic sediments were being deposited throughout early Paleozoic time 

(Templeman-Kluit, 1979).

Some authors believe that the Pelly-Cassiar platform actually formed much earlier 

than Silurian time. Templeman-Kluit and Blusson (1977) proposed that the platform 

developed in Late Cambrian time as an andesitic arc, based on the occurrence of mafic 

volcanic rocks (Fig. 6). Mortensen (1982), however, suggested that the presence of 

archeocyathid-bearing reef complexes indicates that shallow water conditions existed in 

Early Cambrian time. He further proposed that the Pelly-Cassiar platform may be the 

surface expression of a narrow horst that formed during Late Proterozoic or Early 

Cambrian rifting of the continental margin.

Local uplift and erosion, probably related to block faulting and foundering of the
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platform, occurred in Late Devonian (Frasnian) time. This was followed by deposition of 

the Late Devonian and Mississippian Earn Group (Gordey and others, 1987). The Earn 

Group is composed of chert, carbonaceous shale, and felsic to intermediate volcanic and 

related sedimentary rocks (Templeman-Kluit and others, 1976; Mortensen, 1982; Gordey 

and others, 1987). Structure, exhalative mineralization, geochemistry of volcanic rocks, 

and local source of sediments together suggest that the Earn Group was deposited in either 

a continental rift setting (Templeman-Kluit, 1979; Mortensen, 1982), or in extensional 

basins related to strike slip faulting (Eisbacher, 1983).

Finally, between Pennsylvanian and Late Triassic times, a thin sucession of shale, 

sandstone, and silty limestone was deposited in the Pelly Mountains, indicating a return to 

a relatively stable tectonic setting (Abbott and others, 1986).

Postdepositional events

The Proterozoic through Triassic miogeoclinal sequence in the Pelly Mountains was 

susequently affected by a number of postdepositional events, including thrusting, 

metamorphism, folding, intrusion, and transcurrent faulting (Fig. 7).

Between Late Triassic and Late Cretaceous time, allochthonous eugeoclinal rocks of 

the Anvil-Campbell allochthon (Yukon-Tanana terrane) were thrust over the miogeoclinal 

rocks (Fig. 6), probably from the southwest in response to an arc collision with North 

America (Templeman-Kluit, 1977b; 1979). The age of the emplacement of the allochthon 

is bracketed between Late Triassic and Late Cretaceous times because the thrusts involve 

rocks as old as Late Triassic, but are cut by Late Cretaceous intrusions (Mortensen, 1982). 

Northeast-directed thrust faulting, possibly caused by emplacement of the allochthon, has 

also affected the underlying Paleozoic miogeoclinal rocks (Wheeler and others, 1960;
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Templeman-Kluit and others, 1975; 1976; Templeman-Kluit, 1979; Mortensen, 1982). 

Four main sets of thrusts have been recognized by Abbott (1986b) and are shown on 

Figure 7. These strike northwesterly, dip to the southwest, and are known from bottom to 

top as the St Cyr, Cloutier, Porcupine-Seagull-Pass Peak and McConnell thrusts.

In addition to localized contact metamorphism associated with mid-Cretaceous 

intrusion, three phases of folding and metamorphism were recognized by Mortensen 

(1982) in the central Pelly Mountains. The earliest phase is represented by upright and 

tight to isoclinal folds, which trend northwesterly and are accompanied by lower 

greenschist to lower amphibolite grade metamorphism. This deformation does not affect 

thrust surfaces. Although the second phase also trends northwesterly, folding is recumbant 

and isoclinal, the thrust faults are affected, and metamorphic grade locally reaches upper 

greenschist facies. A penetrative crenulation cleavage was also developed during the 

second phase. Mortensen concluded that the first two phases of deformation and 

metamorphism were closely related in time and may reflect folding during thrusting. The 

third phase of deformation, which is typified by northeast-trending regional warps with 

locally developed crenulation cleavage, was interpreted to be related to either mid- 

Cretaceous granitic intrusion, or wrenching related to the beginning of offset on the Tintina 

fault.

Intrusion of equigranular and porphyritic, biotite quartz monzonitic plutons 

occurred during mid-Cretaceous time in the Pelly Mountains. The intrusions are related to 

two broad zones of doming, and are flanked by zones of injection migmatite as wide as 10 

km (Templeman-Kluit and others, 1976). Metamorphism of Windermere-aged clastic 

rocks foimed schistose and gneissic rocks, attaining lower amphibolite grade in places 

(Templeman-Kluit and others, 1976). K-Ar ages from mica in the plutonic rocks range
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from about 84 to 97 Ma (early Late Cretaceous; Templeman-Kluit, 1977a). The nearly 

coeval ages of allochthon obduction (thrusting) and plutonism suggest that the latter may 

have been caused by warming of the continental crust, in response to depression by the 

overlying obducted arc (Templeman-Kluit, 1979).

Late, steep-angle faults occur throughout the Pelly Mountains, and trend 

predominantly northwest and northeast (Fig. 7). These steep-angle faults offset the older 

thrust faults, and occur mainly around domal uplifts such as the Ketza and Seagull uplifts 

(Fig. 7). A sample of homfels from within 100 m of one of these faults in the Ketza uplift 

yielded a whole rock K-Ar date of 101 ± 4 Ma (K.M. Dawson, pers. comm, to 

S. E. Parry, 1986). This strongly suggests that the homfelsing, faulting, and uplift are all 

related to a buried mid-Cretaceous intrusion which may underlie the uplift

Finally, large-scale, dextral, transcuirent offset along the Tintina and Northern 

Rocky Mountain faults transported the Pelly-Cassiar platform northwesterly between mid- 

Cretaceous and Eocene or Oligocene times (Roddick, 1967; Templeman-Kluit and others, 

1976).

Summary

In summary, miogeoclinal sedimentary rocks were deposited in the Pelly Mountains 

from Late Proterozoic until Middle Devonian time. Shallow water sedimentation took place 

on the Pelly-Cassiar platform, possibly as early as Early Cambrian time. Felsic and 

intermediate volcanism, and deeper water, restricted-circulation sedimentation took place 

during Late Devonian and Mississippian times, possibly in response to continental rifting. 

Between Late Triassic and Late Cretaceous time, eugeoclinal rocks were obducted onto the 

older miogeoclinal sequence, possibly in response to an arc collision to the west. This
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event was accompanied by extensive thrust faulting, metamorphism, and folding.

Intrusion of biotite quartz monzonite plutons occurred in mid-Cretaceous time (84 to 101 

Ma), either during or after the obduction event Local fault-bounded domal uplifts, such as 

the Ketza and Seagull uplifts, probably formed at this time also, in response to intrusion. 

Finally, transcurrent faulting transported the entire Cassiar terrane, northwesterly by 450 to 

900 km, sometime in late Cretaceous or early Tertiary times.
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LOCAL GEOLOGY

The geological map (Plate 1), stratigraphie column (Fig. 8) and geological 

descriptions presented here are a combination of the author's own mapping and a 

compilation of previous government and company work. The western part of the 

geological map, and the pre-Late Cambrian part of the stratigraphie column were prepared 

in cooperation with other Canamax geologists while the author was employed by that 

company (Parry and others, 1984). The eastern part of the study area was mapped mainly 

by Orssich and others (1985), who also described most of the Ordovician and younger 

strata.

Terminology and Classification 

Carbonate rocks in the study area have been classified according to the system of 

Embry and Klovan (1971), which is a modification of the well-known classification 

scheme of Dunham (1962). The term "lime mudstone" is used here to describe fine

grained carbonate rocks composed mostly of micrite or lime mud. Because of 

metamorphism, most of the true lime mudstones in the study area have been slightly 

recrystallized; however, their original fine-grained origin is still evident The term 

"dolostone" is used heie to denote rocks with more than 50 percent dolomite, which was 

determined by inspection of weathered rocks or core. Rocks with 10 to 50 percent 

dolomite are termed dolomitic. A "carbonate buildup" is defined as a body of carbonate 

rock which differs in composition and internal fabric from surrounding strata, and displays 

topographic relief above adjacent finer-grained strata. A "reef is further defined as 

displaying evidence or potential for having grown in the wave zone (Heckel, 1974).
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Clastic sedimentary rocks and volcanic rocks were described in hand specimen only 

and therefore simple descriptive names are used. Fine-grained rocks are named shale if 

they are fissile, and argillite if not fissile. Sandstone classification is loosely based on the 

system of Pettijohn and others (1972). Metamorphism has obscured some textural detail in 

the rocks and therefore they are simply named quartzose sandstone, arkosic sandstone or 

orthoquartzite depending on tmineralogy and maturity. The prefixes siliceous, dolomitic, 

and calcareous denote the type of cement

Stratigraphy

As stated above, the rocks in the Ketza River mining district belong mainly to the 

Cloutier thrust sheet (Abbott, 1986b) which is sandwiched between the underlying St. Cyr 

thrust sheet and the overlying Seagull-Porcupine-Pass Peak thrust sheet ("Seagull sheet"). 

Only Unit 5 is considered to be part of the upper plate (Fig. 8). Rocks of the Cloutier 

thrust sheet are described first, followed by those of the Seagull sheet

Figure 9 shows a possible comparison of the stratigraphie succession in the district 

(this study; Fig. 8), with the G.S.C. stratigraphie succession developed for the broad 

region of the central Pelly Mountains (Wheeler and others, 1960; Templeman-Kluit, in 

press). In general, the stratigraphie framework established by Wheeler and others (1960) 

has proven useful. The Early Cambrian stratigraphie nomenclature worked out by 

Read (1980) has been retained with only minor changes. Read's stratigraphie units have 

proven to be very useful in the vicinity of the Ketza River gold mine. There is good 

agreement with the work of Templeman-Kluit with differences relating to structural 

interpretations and thickness of units.
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Unit 1 : Proterozoic - Lower Cambrian

The Proterozoic through Early Cambrian succession has been well-described by 

Read (1980). The following description is mainly a summary of his work with some new 

information, principally the addition of Subunit If and new information from core for 

Subunits Id and le. Read's stratigraphie column is shown in Figure 10. Unit 1 has been 

subdived into six subunits, la through If, with an aggregate thickness of greater than 500 

m. The base of the unit is not exposed. Early Cambrian fossils have been found in all 

subunits except la and If. Subunit If is poorly exposed and was not described by Read 

(1980). There are no known hiatuses in the sequence, except possibly between Subunits 

le and If where an unconformity may be present because the underlying Subunit le is 

locally missing. The contacts between subunits of Unit 1 are sharp and distinct, except for 

the contact between Subunits 1c and Id which is gradational.

Subunit la. This is the oldest rock unit exposed in the study area and is 

composed of at least 250 m of greenish-grey, recessively weathering thin-bedded argillite, 

siltstone and quartzose or arkosic sandstone. Silty and sandy facies tend to be more 

resistant, while argillite is more abundant, except to the northwest where 175 m of 

quartzite is present beneath 60 m of argillite (Read, 1980). Argillites are made up of fine 

white sericite, quartz and chlorite with accessory euhedral pyrite. Sandstones are 

composed of 50 to 74 % quartz and up to 26 % plagioclase in a white mica matrix.

Calcite and silica form the cement, and hematite coatings on quartz grains and euhedral 

pyrite are accessory minerals. Within the argillite facies, sandy beds up to 30 cm thick are 

locally present. Bed thickness within the sandstone facies ranges from 2 to 75 cm.
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Sedimentary structures are rare, but small-scale crossbeds, cut and fill structures, ripples 

and lenticular bedding are locally visible. Strong bioturbation is evident in thinly 

interbedded sandstone and argillite sequences (Read, 1980).

Argillite of Subunit la in the vicinity of the Ketza River mine has been altered to a 

rusty weathering, purplish-gray, dense, flinty biotite homfels which contains abundant 

disseminated pyrrhotite. Farther to the northeast, in the area of the Quartz Breccia showing 

(Occurrence #2, Plate 2), argillite and arkosic sandstone exhibit pervasive phyllic alteration 

and weather to a bright buff color.

Read (1980) interpreted the sandy and silty facies to have been deposited in a 

shallow marine, oxygenated subtidal environment because of the presence of bioturbation, 

cut and fill structures, ripples and small-scale crossbeds, and the lack of intertidal and 

supratidal features such as flaser bedding, herringbone crossbeds, algal mats and 

dessication features. Argillaceous facies probably represent slightly deeper water shelf 

muds. The increase in argillaceous content to the southwest may indicate an increase in 

water depth in this direction (Read, 1980).

Subunit lb. This unit is a thin, distinctive, dark grey to black, finely laminated 

quartz silt lime mudstone (Fig. 11). It ranges in thickness from 25 to 60 m, has sharp 

upper and lower contacts, and is a good marker bed. Laminations are continuous and 

even, and bioturbation is lacking. The only fossils present are rare fragments of trilobites. 

The combination of these features suggests that Subunit lb was deposited in a low-energy, 

restricted-circulation, anoxic environment.
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Subunit 1c. This unit is composed of greyish-green to brown, recessively 

weathering, thin-bedded to laminated, calcareous argillite and minor interbedded 

argillaceous lime mudstone (Fig. 12). It ranges in thickness from 75 to 100 m; however, 

this is somewhat arbitrary since the upper contact is gradational and is defined where 

carbonate content becomes greater than 50 % (Read, 1980). Calcareous argillite is 

predominant and is composed mainly of sericite, quartz, and micrite, with minor accessory 

chlorite, authigenic quartz, and pyrite (Read, 1980). The argillaceous beds are generally 

not bioturbated, except near the top of the subunit. Fossilliferous lime mudstone, and 

skeletal mdstone or wackestone interbeds are more common towards the top of the subunit, 

and are commonly bioturbated. Fossils identified include fragments of trilobites, 

echinoderms, and intact prostrate archeocyathids. Crudely laminated cryptalgal coatings 

are locally present on skeletal grains that may be surrounded by intergranular mosaic 

cements (Read, 1980).

Subunit 1c is interpreted to have been deposited in a low-energy, restricted- 

circulation, subtidal environment, mainly because of the fine grain size, presence of 

archeocyathids, and lack of current structures (Read, 1980). The upward increase in 

bioturbation, lime mud, and fossil content suggests a change to a less restricted, 

oxygenated environment.

Subunit Id. This unit is gradational and conformable with Subunit 1c and is 

mainly composed of distinctive, cliff-forming, bluish-grey, thickly bedded to massive, 

fossiliferous lime mudstone or dolostone. The subunit ranges from 120 to 180 m in 

thickness (Read, 1980) and is the host for the ore at the Ketza River mine. As stated 

above, the lower contact is gradational and arbitrarily placed where carbonate makes up





T-3734 30

more than 50 % of the rock.

Southwest and west of the study area Subunit Id contains large, distinctive 

archeocyathid buildups (Figs. 10, 13) which were the topic of a detailed study by Read 

(1980). The buildups are up to 610 m long and 60 m high and are composed of 

archeocyathid Renalcis(?) bindstone with an orange-weathering dolomitic matrix. 

(Renalcis(?) is a dark structureless coating thought to be the remains of an unknown 

binding organism, possibly a calcareous algae or foraminifera (Read, 1980)). Within the 

study area. Subunit Id is made up mainly of lime mudstone, argillaceous lime mudstone, 

skeletal mdstone or wackestone, oncoid floatstone or mdstone, and, cryptalgal-coated 

grain floatstones.

Lime mudstones contain abundant dark argillaceous material in lower beds, which 

is often wispy and contorted (Fig. 14). In general, bedding is thick to massive, although 

thin-bedded, wavy and flat-laminated bedding is common in the lower, argillaceous strata 

(Fig. 15). Rare fossils include fragments of archeocyathids, trilobites, and echinoderms. 

The lime mudstones often contain irregular, tan-weathering, mottled patches of dolomite 

(Fig. 16). These are common on weathered bedding surfaces and may represent poorly 

preserved, horizontal burrows. Wackestone and mdstone beds (Fig. 17) occur near the top 

of the subunit and include fragments of trilobites, echinoderms, and archeocyathids, in 

addition to peloids, ooids, and intraclasts (Read, 1980). Also present are floatstone or 

mdstone beds made up of oncoids or cryptalgal-coated skeletal grains.

Bioturbation is common in Subunit Id. Bedding is commonly difficult to 

distinguish, and laminations can be wispy, contorted and dismpted (Fig. 14). Other 

evidence for biological activity includes the above-mentioned mottled dolomitic patches that 

may be horizontal burrows, and peloids with the shape of fecal pellets.
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West and northwest of the Ketza River mine, limestones of Subunit Id are strongly 

dolomidzed in places, especially near high-angle faults. These dolostones are sucrosic in 

texture and weather to a distinctive orange hue. In the vicinity of the Ketza River mine and 

in other areas, Subunit Id may contain as much as 25 % calcite in veins.

Subunit Id is interpreted to have been deposited in a shallow marine, subtidal 

environment A gradual trend to intermittent or gently agitated conditions is suggested by 

numerous features, including the upward decrease in argillaceous content, and the presence 

of skeletal rudstone/wackestone and oncoid floatstone/grainstone beds at the top of the 

subunit Archeocyathid Renalcis(?) buildups occur in Subunit Id west and southwest of 

the study area and may indicate shallower water in that direction. The lack of algal mats 

and dessication features indicates that intertidal/supratidal conditions were not established.

Subunit le. This unit is composed of an interbedded sequence of distinctive pale 

greenish-grey, noncalcareous argillite (Fig. 18) and bluish-grey fossiliferous limestone 

similar in appearance to Subunit Id (Fig. 19). The lower contact is sharp and is defined by 

the first appearance of argillite. The thickness of this subunit is highly variable with a 

maximum of about 100 m. It is locally absent (Plate 4). Limestone of Subunit le is locally 

mineralized at the Ketza River mine; however, usually the green argillite of Subunit le 

forms the hanging wall to ore (Plate 4).

Argillite is predominant, and is typically recessively weathering and phyllitic or 

slaty. It is finely laminated to thin-bedded, and is composed of white mica, quartz, chlorite 

and minor accessory pyrite (Read, 1980). Interbedded with the argillite are lenses and beds 

of lime mudstone, skeletal wackestone or mdstone, ooid packstone or grainstone, oncoid 

mudstone, floatstone or mdstone and small carbonate buildups composed of archeocyathid
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floatstone or mdstone (Read, 1980).

Skeletal wackestone and mdstone beds include archeocyathids, echinoderms, 

hyolithids, brachiopods, and fragments of trilobites. Other grains include peloids and 

intraclasts. Rudstones have both cement and lime mud filling voids. Ooid packstones and 

grainstones are common and form small lenses and thin beds. The ooids are commonly 

replaced by dolomite and are enclosed by calcite cement, dolomitic mud matrix, or both 

(Fig. 20). Ooid rich beds grade laterally into oncoid mudstone, floatstone and mdstone 

beds. Nuclei for the oncoids include quartz sand, skeletal fragments, ooids, peloids or 

intraclasts.

According to Read, small archeocyathid buildups (up to 2 by 20 m) are composed 

of floatstone or mdstone with an orange-weathering dolomitic matrix. They differ from the 

large buildups of Subunit Id in that Renalcis(?) is apparently lacking, and the buildups are 

surrounded by green argillite. Read interprets these buildups to be "mud banks" due to 

their small size, lack of a rigid framework, and minimal topographic relief.

Subunit le is interpreted to have been deposited in an intermittently agitated, 

subtidal environment. Current or wave action is suggested by the presence of partially 

cemented ooid grainstones and skeletal mdstones. Greenish argillaceous material is 

probaby terrigenous in origin, and may indicate a nearby landmass or sediment source.

Subunit If. This unit is between 30 and 100 m thick and is composed of 

recessively weathering, finely laminated, pyritic, black carbonaceous slate or shale 

(Figs. 21, 22). The rock is composed of clay and silt-sized grains of quartz and 

carbonaceous material, and up to 1 % accessory subhedral pyrite (Fig. 22). The pyrite 

generally forms thin laminations. The rock is locally weakly calcareous and is interpreted
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to have been deposited in a low-energy, anoxic environment based on the presence of 

pyrite, its fine grain size, and lack of bioturbation. The age of Subunit If is not well- 

established since fossils have not been reported and the rock was not described by Read 

(1980). Templeman-Kluit (in press), however, described the rock and included it as the 

uppermost member of the Lower Cambrian in the area.

Unit 2 : Upper Cambrian- Ordovician-Silurian

Unit 2 mainly includes recessively weathering shaly rocks and has been subdivided 

into two subunits. The lower contact is probably an unconformity and the upper contact is 

probably gradational.

Subunit 2a. This unit is equivalent to Templeman-Kluit's (1977a) uCOsl unit. It 

is at least 1,000 m thick and is composed of buff and orange-weathering grey and greenish, 

locally calcareous phyllite or shale (Fig. 23), and phyllitic limestone or dolostone. It is 

commonly strongly deformed and hosts irregular discontinuous quartz-ankerite(?) veins. 

According to Templeman-Kluit, this unit locally includes lenses, sills, and flows of green 

basalt and basaltic tuff. It is the same age as Unit 5 described below. The true thickness of 

Subunit 2a is difficult to ascertain because of structural disruption and possible thrust 

repetition.

Subunit 2b. This unit is equivalent to the OS si unit of Templeman-Kluit (1977a) 

and is about 50 to 100 m thick in the study area. It is mainly composed of fissile, 

graphitic, graptolidc black shale or slate, but may contain interbedded calcareous, silty and 

muddy beds, algal-laminated dolostone, and basalt. It mainly occurs in the southeastern
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part of the study area. Templeman-Kluit and others (1976) noted that this unit locally 

attains 1,000 m in thickness, and merges with uCOsl (Subunit 2a) to the southwest to form 

a third facies of phyllite and greenstone, which is equivalent to Unit 5 of this study.

Unit 3 : Silurian-Devonian

Unit 3 mainly includes clastic and carbonate rocks of the Pelly Cassiar platform 

(Templeman-Kluit, 1977b). The lower contact is interbedded and gradational but a major 

Late Silurian-Early Devonian disconformity or angular unconformity separates dolomitic 

siltstone of Subunit 3a from overlying orthoquartzite (Subunit 3b) and carbonate rocks 

(Subunit 3c).

Subunit 3a. This unit locally overlies Subunit 2b and is equivalent to the Ss unit 

of Templeman-Kluit (1977a). It is thin, generally less than 100 m thick, and is composed 

of buff-weathering, grey, thinly laminated dolomitic slate or siltstone, and locally includes 

well-indurated dolostone breccia with a dark grey dolomite matrix. Fragments of solitary 

coral (?) up to 1 cm in diameter were located by the author at the Lower Switchback 

showing (#66; Plate 2).

Subunit 3b. This unit is equivalent to Unit Sq of Templeman-Kluit (1977a) and 

is a resistant, white to medium grey, siliceous or dolomitic orthoquartzite. It is medium- 

grained, well-sorted, thickly bedded, and massive, and is generally at least 150 m thick. 

This unit may include sandy dolostone beds, especially to the north.



T-3734 42

Subunit 3c. This unit includes over 200 m of carbonate rocks equivalent to Templeman- 

Kluifs (1977a) SDd, SDdq, and muDc units. In the north it includes resistant, grey to 

buff-weathering, dark-grey fossiliferous dolomitic mudstone (SDd unit), which is 

gradational to orange-weathering, medium-grained sucrosic dolostone (SDdq unit). East of 

the Hoey showing (#70; Plate 2) a resistant, grey, bioclastic limestone is present and is 

named the muDc unit by Templeman-Kluit (in press). Since this limestone overlies 

orthoquartzite of Subunit 3b in this location, it may be equivalent to the dolomitic rocks 

which are mapped to the north.

Unit 4 : Upper Devonian-Mississippian

Unit 4 is composed mainly of black shale, chert, and intermediate to felsic alkalic 

volcanic and volcaniclastic rocks. These Ethologies exhibit rapid facies changes and are 

commonly intercalated, although generally rocks at the base are shaly and become more 

volcanic-rich upwards. Mortensen (1982) conducted a detailed geological and geochemical 

study of the volcanic facies northwest of the study area. Despite the fact that they are 

metamorphosed and altered, Mortensen determined that the volcanic rocks are mainly 

highly alkalic trachytes of Mississippian age. He proposed that they were formed in a rift 

setting based on immobile trace element abundances and geological considerations.

Subunit 4a. This unit is a recessive and rusty weathering graphitic, siliceous 

 ̂ shale, slate, or tuffaceous siltstone with minor interbedded chert, sandstone, chert pebble 

conglomerate and greenish tuff. It is roughly equivalent to unit uDMs of Templeman-Kluit 

(1977a), which is up to 500 m thick and may contain thickly laminated barite lenses up to 

50 m thick (Templeman-Kluit and others, 1976). In the study area, however, the shales
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are generally only about 200 m thick and barite has not been found.

Subunit 4b. This unit is commonly present above the shale and is composed of 

buff, green, orange, and grey-weathering lapilli tuff, cherty tuff, siltstone, and intermediate 

volcanic flows, and may include volcanic breccia and thin limestone beds. It is equivalent 

to units Mva, Mv, and Mt of Templeman-Kluit (1977a), and ranges in thickness from 100 

to 600 m (Mortensen, 1982). The volcanic rocks range in composition from trachyte to 

andésite according to Mortensen.

Subunit 4c. This unit is composed of greenish-grey trachyte and syenite sills, 

plugs, and dikes, and is equivalent to Templeman-Kluit's My unit These rocks are 

generally fine-grained and equigranular, although quartz and pink feldspar phenocrysts are 

locally present. This unit commonly cuts Subunits 4a and 4b although a few dikes have 

been located within Subunit 2a in the southern part of the district (Plate 1). Only one plug 

has been identified in the study area, and is located east of the Key 3 showing (#51, Plate 

2) in the northeast part of the district. It is surrounded by a pyritic alteration halo.

Unit 5 : Upper Cambrian-Ordovician

Unit 5 is equivalent to the uCOsl unit of Tepleman-Kluit (1977a) and is part of the 

Seagull thrust sheet as outlined above. The unit is composed of recessively weathering 

grey phyllite, green chlorine phyllite or schist, and more resistant amygdaloidal greenstone. 

The greenstone occurs as thick lenses within phyllite, and was probably originally a basalt 

in view of its mafic composition and amygdaloids. The unit occurs in two areas in the 

eastern part of the study area where it lies in apparent thrust contact on top of Units 2, 3,
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and 4 (Plate 1). The thickness of the unit is difficult to estimate because it is recessively 

weathering and usually strongly deformed; however, Templeman-Kluit and others (1976) 

estimated 1,500 to 2,000 m based on exposures elsewhere in the Pelly Mountains. As 

stated above, those authors consider this unit to be the facies equivalent of units uCOsl and 

OS si (Subunits 2a and 2b, this study).

Plutonic Rocks and Contact Metamorphism

With the exception of the Mississippian trachytic dikes, sills and plugs described 

above, no plutonic rocks have been located in the study area. There is good evidence, 

however, that an intrusion is present at depth in the western part of the study area, and mid- 

Cretaceous biotite quartz monzonite intrusions are common to the southwest A 2 km wide 

mid-Cretaceous quartz monzonite stock is present 8 km south of the study area and is 

surrounded by a zone of homfels up to 1 km wide (Wheeler and others, 1960). A similar 

undated stock is situated near the center of the Seagull uplift 18 km west of the Ketza 

district (Abbott, 1986a). Both of these stocks are similar in composition to the 20 by 80 

km Nisutlin Batholith which is situated 20 km southwest of the study area. K-Ar dates 

from mica range from 84 to 97 Ma (early Late Cretaceous; Templeman-Kluit, 1977a).

In the Ketza uplift in the west-central part of the study area, homfels is developed in 

argillite of Subunit la over an area of approximately 1 by 1.5 km (Plate 1). The homfels is 

rusty weathering (Fig. 24), purplish-brown, dense, and highly siliceous and contains up to 

2% disseminated pyrrhotite. In thin section the rock is seen to be composed of quartz and 

pleochroic biotite with minor carbonaceous material and anhedral pyrrhotite (Fig. 25). A 

sample of this homfels yielded a K-Ar (whole rock) date of 101 ± 4 Ma (K.M. Dawson, 

pers. comm, to S.E. Parry, 1986). To the northeast of the homfels, clastic rocks of
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Subunit la are bleached, iron stained, pervasively sericitized, and cut by a stockwork of 

quartz-arsenopyrite veins over an area about 1 km in diameter (Fig. 26; Plate 1).

Structure also provides good evidence for the presence of an intrusion. As outlined 

by Read (1980), the rocks in the western part of the study area are "exposed in a broad, 

irregular dome or culmination roughly 12 km across" known as the Ketza uplift (Fig. 7; 

Plate 1). The oldest strata in the district. Subunit la, occur in the center of the Ketza uplift, 

and the rocks become progressively younger outwards from this structure (Plate 1).

Within and around the margins of the Ketza uplift, there are numerous high-angle 

faults as described below (Fig. 7; Plate 1). These faults offset the thrust faults and form a 

rectilinear pattern (Peel, Oxo, Fury Ridge, Mt Misery, and other unnamed faults on 

Plate 1). This pattern of high-angle faults is similar to radial and tangential fractures which 

occur around small, steep-walled, cylindrical porphyritic intrusions (Seraphim and 

Hollister, 1976).

Regional Metamorphism 

Throughout the study area pelitic rocks have been metamorphosed to lower 

greenschist facies. Argillites and shales have been converted to slates, phyllites, or schists 

consisting of quartz, chlorite, and muscovite (Read, 1980). Metamorphic effects are 

difficult to discern in the thick carbonate or quartzite sequences of Units 1 and 3 although 

Read (1980) noted that micrite in Unit 1 has been coarsened through aggrading 

neomorphism. Carbonaceous material has been locally recrystallized to graphite in black 

slates of Subunits la, 2b, and 4a.
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Structure

The study area includes the eastern side of the Ketza uplift (Fig. 7; Plate 1; Read 

(1980). Abbott (1986b) further defined the uplift to be the eastern lobe of the Ketza- 

Seagull arch, "a broad window in which strata of the Cloutier thrust sheet are exposed 

beneath strata of the Seagull-Porcupine-Pass Peak thrust". The northern and eastern 

margins of the uplift are fault-bounded and the western and southern margins are "hinged", 

or dipping gently outward (Fig. 7; Read, 1980). Only the eastern margin is exposed in the 

study area and is coincident with the Mt Misery, Fury Ridge, and Oxo faults.

Within the study area, strata are disturbed by northeast-directed thrust faults which 

are cut by younger steeply dipping high-angle faults. Drag folding is associated with both 

thrust and high-angle faults. Axial planar cleavage and crenulation lineations have been 

developed throughout the area, and are best observed in argillaceous rocks.

Thrust faults

Three different occurrences of thrust faults are known and all dip to the southwest; 

a large displacement thrust at the base of Unit 5; thrusts within Unit 1; and small-scale 

thrusts within Subunit Id at the Ketza River mine. Whether these three occurrences are 

related to the same phase of thrusting is difficult to determine. In view of their similar 

attitudes it is likely that they are related but multiple phases of thrusting cannot be ruled out.

Two small fragments of the Seagull-Porcupine-Pass Peak thrust sheet (Unit 5, this 

study) have been mapped by Templeman-Kluit (1977a) and Abbott (1986b) in the eastern 

part of the study area (Plate 1). The Seagull-Porcupine-Pass Peak thrust (SPT) is one of 

three main thrust faults in the Pelly Mountains, all of which strike northwesterly and dip
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shallowly to the southwest Shortening on the SPT has not been accurately determined but 

is estimated by Abbott (1986b) to be at least 30 km. Stratigraphie throw on the SPT in the 

study area is estimated by this author to be at least 1,100 m. Age of movement on the 

thrust faults is bracketed between Late Triassic and Late Cretaceous based on geological 

relationships elsewhere in the Pelly Mountains (Templeman-Kluit, 1979).

A number of thrust faults occur in the southwest part of the study area and involve 

Lower Cambrian strata of Unit 1 (Plate 1). Two of these faults near Tam Lake trend 

northwesterly, dip shallowly southwesterly, and verge northeasterly. Stratigraphie throw 

is estimated to be 50 to 250 m. Moderately south-dipping reverse faults and associated 

drag folds are easily visible on the ridge to the west (Fig. 13). These reverse faults appear 

to be the extensions of the Tam thrusts, and may be steeper because the thrusts are stepping 

up-section. A thrust fault is also interpreted to be present west of the Ketza River mine 

where Subunit la appears to lie structurally above Subunits le and If (Plates 1, 3, 4). 

Additional drilling is needed to determine if this contact is in fact a thrust fault, or possibly 

an extension of the Peel reverse fault.

Small-scale low-angle faults are common in the undeground workings of the Ketza 

River mine and generally dip south or southwest (Plate 6). These low-angle faults are 

filled with clay gouge, limonitic clay gouge (Fig. 27) or sulfides (Fig. 28). Movement 

along these structures is indicated by shearing, stretching and alignment of calcite veins. 

Ptygmatically drag-folded calcite veins (Fig. 29) adjacent to these structures have nearly flat 

axial planes (Fig. 29) providing evidence for plastic-state horizontal transposition. The 

amount of displacement along these faults could not be estimated but could be on the order 

of tens or hundreds of meters in view of the degree of disruption of the strata.
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High-angle faults

Moderate and steeply dipping normal and reverse faults are common in the study area and 

trend mainly northwest, north, and east-northeast (Plate 1). In all cases these faults 

crosscut the thrust faults and are therefore younger. Most of the faults have nearly straight 

surface trends despite the rugged topography, suggesting that they are nearly vertical in 

orientation. Dip-slip motion appears to be dominant. The exact locations and dips of these 

faults can rarely be determined because of cover, their presence is usually inferred because 

of juxtoposition across valleys of rocks of different ages. Many of the faults are short and 

appear to die out or are cut off by faults of the same class. In many places the faults enter 

thick, homogeneous, recessively weathering strata and cannot be traced.

The relative ages of the various high-angle faults is not well-understood. In some 

places east-northeast faults are offset by northwest faults; however, the opposite has been 

documented also. Of the north and northwest faults, all but a very few are downdropped 

on the east side. The east-northeast faults are generally downdropped on the south side, 

except for the Cache Creek fault which has an opposite motion.

There are considerable differences between the location of the faults on Plate 1 in 

comparison with Templeman-Kluit's (1977a) map. These differences can be mainly 

attributed to differences in interpretation; however, some are based on drill information or 

new mapping in critical areas such as the vicinity of the Ketza River mine and the Misery 

Creek valley.

The Fury Ridge and Mt Misery faults trend northwesterly and together form the 

eastern, faulted boundary of the Ketza uplift (Plate 1). These faults are near vertical and 

appear to have variable offsets along their lengths, suggesting a "scissor" or "piano-key"
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type of motion. Templeman-Kluit (1977a) shows a single curving fault in this area, 

extending from the Oxo showing (#38, Plate 2) in the south, through the saddle at the east 

end of Fury Ridge, to the Mt Misery showing (#50, Plate 2) in the north. Detailed 

mapping by the author along the inferred trace of the fault north of Misery Creek has 

shown that the fault is not present in this area. In this study, the fault exposed at the Mt 

Misery showing (Fig. 30) is interpreted to extend down the Misery Creek valley in a 

southeasterly direction (Plate 1). A second fault, here named the Fury Ridge fault, trends 

northwesterly, parallel to and 1 km west of the Mt Misery fault The Fury Ridge fault is 

responsible for the 250 m of offset at the gap on Fury Ridge (Fig. 30), and is the main 

east-bounding fault of the Ketza uplift

South of Cache Creek, the north-trending Oxo fault has at least 1,000 m of offset 

at the Oxo showing (#38, Plate 2), with the east side downdropped relative to the west A 

north-trending anticline on the west side of the fault is probably a drag feature. A 

subparallel fault is present to the west, and has an offset of approximately 150 m. These 

two faults may be the southward extensions of the Mt Misery and Fury Ridge faults.

High-angle northwest-trending faults are also common in the Ketza River mine and 

are shown on Plate 3, a detailed surface geological map of the mine area. On this map 

northwest faults offset the Peel fault and other older northeast-trending faults. The 

northwest faults form a graben which is 50 m wide at the northwest end widening to 125 m 

at the southeast end. Subunits le and If are downdropped about 50 m as shown on cross 

sections through the area (Plate 4; Sections B, D).

In the eastern part of the study area , north-trending faults are more common 

(Plate 1). This fault set includes the faults at the Stump (#72), Hoey (#70) and numerous 

other showings. These faults strike at 340° to 020° and dip steeply either west or east







T-3734 56

(Fig. 31). In most cases the east sides are downdropped relative to the west

The Peel fault is an important reverse fault that trends east-northeast, dips steeply 

north, and is downdropped on the south side. It is exposed on surface and in underground 

workings in the Ridge zone of the Ketza River mine, where it juxtaposes homfels of 

Subunit la against Subunits Id, le, and If (Plate 4). Offset is at least 220 m and may be 

as much as 400 m. This structure appears to extend for a considerable distance in an east- 

northeast direction, and may be responsible for possible offset of the Mt Misery, Fury 

Ridge, and Oxo faults. Far to the northeast, an inferred extension of the Peel fault, here 

named the Cache Creek fault, is interpreted to be responsible for observed offset of strata 

across the lower Cache Creek valley (Plate 1). The relative motion on this fault appears to 

be north side down.

Folds

Strata in the study area are generally flat to moderately dipping and gently folded, 

however, tight folds are locally present The folds are associated with both thrust faults 

and high-angle faults, although the former are the most important.

Thrust-related drag-folding is common in the southwestern part of the study area, 

especially near Tam Lake (Plate 1). The rocks in this area are folded about northwest- 

trending, southwest-dipping axial planes. The northern limbs tend to be steeply dipping or 

locally overturned, and the southern limbs are flat or shallowly south-dipping (Fig. 13). 

Pelitic rocks, and even limestones, can be very tightly folded in these areas. This folding is 

also developed adjacent to small-scale low-angle faults as noted above (Fig. 29). A well- 

developed southwest-dipping cleavage is distinguishable in pelitic rocks and is interpreted 

to be axial planar to the thrust-related folds. Other foliation attitudes have been measured
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(Plate 1) and are probably related to other phases of folding identified by Mortensen (1982; 

see Chapter 2). A thorough study of metamorphism and structure is warranted but is 

beyond the scope of this study.

The broad Peel Creek anticline, named by Toohey (1986), strikes easterly and is 

located just north of the Peel fault near the Ketza River mine. It occurs in homfelsed 

argillite of Subunit la. Minor fold axes measured by Toohey plunge shallowly west and 

foliation in the area strikes 100° and dips 65°N (Plate 1; Templeman-Kluit, 1977a). This 

fold is probably a drag feature related to the east-northeast-striking Peel fault and is further 

evidence for intrusion-related doming of the Ketza uplift. The Oxo anticline occurs in the 

south part of the study area and is a north-trending open fold situated adjacent to the Oxo 

fault. It also appears to be a drag fold.

Solution Features in Subunits Id and le 

In the vicinity of the Ketza River mine, postdepositional solution features in 

Subunits Id and le include stylolites, calcite veins, and rare karst structures. In general the 

limestones are massive and there is very little evidence for large-scale paleokarsting.

Stylolites are common in the lower, argillaceous part of Subunit Id. In places the 

stylolites look like wispy argillaceous layers, and surround subrounded limestone clasts 

(Fig. 14). This gives the rock a vague brecciated appearance, refered to as "stylolitic 

breccia" by company geologists. The stylolites are usually subhorizontal, suggesting 

formation by compaction dissolution. In core it can be seen that the stylolites transect, and 

are locally transected by, numerous thin calcite veins, suggesting that the two features may 

have formed contemporaneously (Fig. 14).

In addition to the thin calcite veins, Toohey (1986) noted the presence of calcite-
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ankerite(?) veins in drillholes which reach the lower part of Subunit Id. These veins are up 

to 30 cm wide, planar, moderately dipping, and regularly spaced, which gives the core a 

"candy-stripe" appearance. These veins are generally transected by stylolites and are 

thought to be older (Toohey, 1986).

Calcite veins up to 1 m wide are commonly present in the upper part of Subunit Id, 

and are generally transected by sulfide manto mineralization where both are present. These 

have been intersected in numerous drillholes and underground workings and are often 

strongly folded (Figs. 29, 32). The temporal relationship of these wide calcite veins to the 

deeper thin calcite veins and the"candy-stripe veins" could not be determined.

Karst-like collapse breccias have been noted in a few places in the Ketza River 

mine. In the 1,510 m tunnel a 10 m wide, poorly consolidated, heterolithic rubble breccia 

is present in Subunit Id beneath an irregular depression on the surface. The breccia has a 

brownish-grey muddy matrix and some calcite cement, which enclose angular fragments of 

Subunits Id and le, and sulfides. The sulfide minerals include pyrite, galena, and 

sphalerite, of which the latter two are otherwise rare in the deposit

Limonite manto ore bodies (described below) often have a thin layer of 

unconsolidated, laminated greenish mud or clay on their hanging wall contacts with 

limestone. This material has the appearance of waterlain cave-fill sediment

A few small solution cavities were mapped by the author in the 1,430 m ramp at 

the mine (Plate 6). These features crosscut the older calcite veins and are partially filled by 

drusy calcite. They locally contain angular sulfide fragments (Fig. 33). One of these is 

about a 30 cm in diameter, subvertical, and is situated only a few meters south of the 

faulted(?) sulfide/oxide boundary (Plate 6).

"Zebra-rock" has been rarely encountered in drillholes which cut Subunit Id. This
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striking  r o ck  is   co mposed   o f  alternating  layers   o f  grey  micrite   and  white   sparry  calcite  

(Fig.   34).   T h e  p o ss ib le   or ig ins   o f  this   texture   are   numerous,   and   will   be   d is c u ss e d   in  

C h a p t e r  5.
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ECONOMIC GEOLOGY 

General

In terms of their metallic components and host rocks, the known mineral 

occurrences have been classified into five types as follows:

TYPE 1 - Gold-bearing quartz-arsenopyrite veins hosted by sericitized clastic 

sedimentary rocks of Subunit la (Proterozoic ? and Lower Cambrian).

TYPE 2 - Gold-bearing pyrrhotite-arsenopyrite or gold-poor siderite mantos, 

chimneys, and veins hosted by limestone of Subunit Id (Lower 

Cambrian).

TYPE 3 - Gold-bearing iron oxide mantos and chimneys hosted by limestone of 

Subunit Id.

TYPE 4 - Gold-poor quartz-chalcopyrite-arsenopyrite veins hosted by limestone of 

Subunit Id.

TYPE 5 - Silver-bearing galena-siderite veins hosted by Units 2 to 5 (Upper 

Cambrian to Mississippian).

The types of occurrences will be described in the order listed above which is not 

meant to reflect their relative importance, but is simply based on decreasing age of host 

rocks. The bulk of the work described here was concentrated on Type 2 sulfide mantos 

mainly because they are unusual and are superbly exposed on surface and in underground 

workings.
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Type 1

Gold-Bearing Ouartz-Arsenopvrite Veins in Subunit la 

Auriferous quartz-arsenopyrite veins are hosted by clastic sedimentary rocks of 

Subunit la near the center of the Ketza uplift, in the west-central part of the study area (#1 

to 7, Plate 2; Appendix). The bulk of the veins are associated with a broad zone of 

bleaching, iron-staining and sericitization (phyllic alteration) which is located on the steep 

south-facing slope of Fury Ridge, approximately 1.5 km north of the Ketza River mine 

(Plate 2). These showings form a northwest-trending zone approximately 300 m wide and 

700 m long. The veins are generally narrow (less than 2 m) but can be very rich; grades 

in excess of 1,000 g/T Au have been reported from surface samples (Northern Miner 

Magazine, March, 1987, p.35). Two showings are slightly different The Peg-Fury 

showing (#7) does not crop out but consists of fericrete-cemented soil which is probably 

derived from nearby Type 1 veins. Fred's vein (#6), hosted by homfelsed argillite of 

Subunit la, is sulfide-rich and quartz-poor.

Type 1 veins range in thickness from a few millimeters to a maximum of about 

5 m. The average thickness of individual veins is about 0.5 m. At the Quartz Breccia 

showing (#2) at least three parallel 20 cm wide veins are present and form a sheeted zone. 

The strike length of individual veins could not be ascertained in most cases because of poor 

exposure. The Shamrock vein is at least 100 m long, and Fred's vein is about 500 m 

long. The predominant trend of veins is northwest (320° to 330°), with moderate to steep 

east dips. The exceptions are Fred's vein (070°/90?) and Showing #3 (290°/80N).

The veins are composed mainly of coarse granular quartz with up to 10 % euhedral 

arsenopyrite. Pyrite is rarely present. In surface exposures the veins are commonly
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strongly oxidized to a vuggy greenish rock consisting of quartz and scorodite. 

Mineralization at the Shamrock vein (#1) consists of a stockwork of fine (<2 mm wide) 

greenish quartz-scorodite veins that cut sericitized and locally argillized siltstone (Fig. 35). 

In hand specimen the siltstone has been converted to a soft, fine-grained pale-greenish rock 

consisting of sericite and quartz, with sparse limonite after pyrite. This phyllic alteration is 

pervasive over an area at least 1 km in diameter (Plate 1). From a distance, this alteration 

gives the hillside a bleached and iron-stained appearance (Figs. 26, 30).

Fred's vein (#7) is hosted by a fault in homfelsed argillite (Fig. 25). The vein 

consists mainly of pyirhotite and lesser quartz with local concentrations of pyrite, 

arsenopyrite, and chalcopyrite. Under the microscope, the vein minerals exhibit features 

indicative of dynamic metamorphism such as undulose extinction, strain twinning, grain 

elongation, cataclasis and local triple junctions. These features suggest late movement on 

the vein.

Tvpe 2

Gold-Bearing Sulfide-Siderite Mantos. Chimnevs. 

and Veins Hosted bv Subunit Id 

Sulfide or siderite mantos, chimneys, and veins are hosted by Lower Cambrian 

limestone of Subunit Id in the western part of the district (Plate 2). These showings are 

stratabound at the top of the limestone unit beneath green noncalcareous argillite of Subunit 

le, and occur over an area of about 15 square kilometers, For the purposes of this study 

the term "manto" refers to a concordant or semiconcordant tabular or tubular body of 

mineralization, and the term "chimney" refers to a discordant, subvertical tubular body.

The actual shape of these bodies is quite irregular; mantos may change along strike into
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veins and chimneys. All terminate abruptly against unaltered or very weakly altered 

limestone.

Sulfide bodies are made up of nearly massive pyirhotite with lesser arsenopyrite, 

pyrite, marcasite, minor chalcopyrite, and rare native gold, bismuth minerals, galena, 

sphalerite, and sulfosalt minerals. Magnetite is present in one occurrence (# 21) in the 

southwest comer of the study area. Gangue minerals include abundant quartz and calcite, 

variable siderite, ankerite, ferroan dolomite, dolomite, and rare muscovite. Siderite is 

common in the showings south of Cache Creek, where it commonly exceeds the percentage 

of sulfides.

A number of these showings have been subjected to considerable drilling for gold, 

but as yet no production has taken place. The best orebody is the Peel sulfide zone (#8) 

which has drill-indicated reserves of 499,000 tonnes grading 8.9 g/T Au (Northern Miner 

newspaper, February 9,1987). The main obstacles to production are the erratic gold 

distribution and the refractory and acid-generating nature of the ore. Other showings with 

significant gold contents are aligned along an 070° trend which extends to the west from 

the Peel zone. These are the Bluff (#11), Lab (#12), Penguin (#13), Flint (#14), and Tam 

(#15) showings (Plate 2).

Shape, attitude, stratigraphie position, and size

The form of the limestone hosted bodies is extremely irregular. Manto, chimney, 

and vein-like bodies pinch and swell over very short distances, and change from one to 

another along strike. Correlation of mineralized intercepts between drillholes is difficult, 

and underground mapping has proven to be the only reliable method of determining the true 

shape of these bodies (Plate 6).
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Subhorizontal and semiconcordant tabular mantos are most common, and these are 

typically composed of massive or semimassive sulfide or siderite which may grade laterally 

into vein zones. These mantos are generally elongated in an east-northeast direction 

(Plate 2; Plate 5), making them somewhat tube-shaped in cross section (Plate 4, Section 

B). Northwest-trending thickenings of the sulfide bodies are also common, and these 

appear to follow northwest faults (Peel zone, Plate 5; Bluff zone, Plate 2).

On a local scale, the sulfides mainly appear to follow bedding planes (Figs. 36, 37) 

and locally extend vertically into fractures or joints . Some of the thinner subhorizontal 

sulfide bodies are clearly hosted by low-angle faults (Fig. 28). More rarely, the sulfide 

bodies have the form of true fissure veins (Figs. 38, 39) or subvertical tubular chimneys 

(Fig. 40). Examples of sulfide veins include the Bluff showing (#11; 135°/steep NE dip), 

the Thrust vein (#16; 120°/45S), and a small number of showings south of Cache Creek 

(#23, 24, 30, and 31). These veins are generally less than 3 m wide and up to 100 m 

long.

In terms of stratigraphie position, the sulfide bodies occur most commonly in the 

top 30 m of Subunit Id, although some showings are known to be as much as 130 m 

below the top. In many cases the top of the manto mineralization occurs directly beneath 

green argillite of Subunit le, and rarely, beneath black shale of Subunit If if Subunit le is 

missing. This variable stratigraphie position is best illustrated by comparing cross sections 

through widely separated mantos. In the Peel zone (Plate 4) the mineralization occurs from 

0 to 110 m beneath Subunit le, and locally is split into several vertically stacked zones. In 

the central and eastern parts of the deposit an upper sulfide body is locally present beneath 

Subunit le (Sections, B, C, D, Plate 4). The main sulfide body, however, occurs lower in 

Subunit Id, with the top ranging from 8 to 25 m beneath Subunit le. In one rare instance,
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a 7.5 m sulfide body is hosted by limestone of Subunit le, sandwiched between beds of 

green argillite (Hole 86-130, Section C, Plate 4).

At the Flint zone (#14; Fig. 41) located 1 km west of the Peel zone, a thick sulfide 

manto is present directly beneath green argillite of Subunit le. The sulfides total 37 m in 

true thickness, and stacked, stratabound, massive sulfide mantos are separated by thick 

zones of sulfide-veined limestone. At the Oxo showing (#38; Fig. 41), 3 km south of the 

Peel zone, sulfides are present 22 to 24 m beneath Subunit le. An upper zone of 

mineralization occurs directly beneath Subunit le but is mainly composed of quartz and 

carbonate minerals with only minor sulfides.

The average size and thickness of the mantos is difficult to determine because of 

incomplete exploration. At the Tam showing(#15) sulfides crop out or have been drilled 

over an area of 75 by 175 m. The average thickness from drilling is 5.2 m (Parry and 

others, 1984). At the Flint zone (#14; Fig. 41) three drillholes intersected sulfides ranging 

from 18.1 to 39.1 m in thickness. This occurrence does not crop out but the holes were 

drilled into the center of coincident airborne magnetic and electromagnetic anomalies which 

suggest the zone may be about 1,500 m long (Parry and others, 1984).

The Peel zone is the most thoroughly explored sulfide manto. By the end of 1986, 

over 100 holes had been drilled on a roughly 30 by 30 m grid, allowing a detailed 

definition of the geometry of the zone. Plate 5 is an isopach map of the thickness of 

sulfides in the western part of the zone. Only the western part of the Peel zone was 

considered in this isopach study because farther east the zone is structurally complex and 

oxidized. The map was prepared from the length of sulfide intercepts in each drillhole; 

however, in some holes true thicknesses were calculated because the zone is dipping or the 

drillholes are inclined. In most cases the thickness of the sulfide zone was calculated from
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the first to the last occurrence of sulfide in each drillhole, even if the zone contained short 

(less tha 5 m) internal zones of barren or weakly veined limestone. In some of the holes to 

the east, however, two stacked zones are present and are separated by at least 15 m of 

barren limestone. For these holes (designated by * on Plate 5), the two sulfide zones were 

simply added together to define the total sulfide thickness. It should be noted that the 

isopach map also shows the position of outcropping sulfide bodies. In the area of these 

outcrops, and to the south of them, the sulfide intercepts are undoubtedly abnormally thin 

because part of the zone has been eroded.

Plate 5 shows that the flat-lying Peel zone, is a roughly NE-trending irregularly 

shaped body with NE and NW-trending thickened portions. In the eastern part of the map 

area, a NW-trending thickening and a more subtle NE-trending thickening are present. The 

NW-trending zone is at least 200 m long and 80 m wide, has an average thickness of 

11.1 m, and is locally as thick as 25 m. A NE-trending zone connects with the NW- 

trending zone, is 200 m long by 50 m wide, and averages 4.9 m in thickness. Both 

zones are associated with inferred high-angle faults, and the thickest portions of the entire 

Peel zone occur near where the faults intersect A NNW-trending zone in the west part of 

the map is a minimum of 200 m long, averages 70 m wide, and has an average thickness 

of 8.2 m. Its maximum thickness is 15.1 m. Outcrop exposure in the vicinity of this 

NNW-trending zone is poor so it is not known whether this zone is associated with a fault

Detailed textural relationships

Sulfide textures are classified according to the core-logging system established by 

Canamax Resources Inc. geologists (Parry and others, 1984). Mineralization is subdivided 

into 3 main classes named "vein", "poddy", and "massive" in order of increasing sulfide
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content and the resulting textures. No genetic interpretation is implied by these terms. It 

should be emphasised that sulfide content is gradational and that the classifications are 

somewhat arbitrary.

The term vein sulfide is used when sulfide comprises less than 20 % of the rock 

volume. The sulfides generally occur in distinct veinlets (Fig. 42). The term poddv sulfide 

is used when sulfides comprise 20 to 50 % of the rock volume, and occur as irregularly 

distributed vein-masses, patches, and pods within the limestone host rock. Often the 

sulfides appear to engulf and surround irregular, subangular to subrounded, unrotated 

fragments of limestone (Fig. 43). The term massive sulfide is used when sulfide makes up 

50 to 100 % of the rock volume. A few irregular remnant limestone fragments are present 

and are completely engulfed by sulfides (Figs. 44, 45).

On a local scale the sulfides are generally massive and textureless, displaying no 

internal lamination or crustiform banding. They commonly have abrupt terminations with 

wallrock, and transect earlier-formed textures in the limestone such as calcite veins, 

bedding, and stylolites. As stated above, pyrrhotite is locally found filling low-angle faults 

(Fig. 28) or irregular masses (Figs. 46 and 47) which cut across the calcite veins. In 

Figure 47, massive pyrrhotite and arsenopyrite surround and engulf fragments of calcite- 

veined limestone. The alignment of these calcite veins across the sulfide patches indicates 

that the limestone fragments were not rotated prior to the introduction of the sulfide 

minerals.

Plate 6 is an underground geologic map of the west wall of the 1,430 m tunnel 

which intersects part of the the Peel sulfide manto. The plate shows the extreme 

irregularity in shape and mineralogy within part of the Peel zone. The sulfide body 

(including massive, poddy, and vein sulfides) pinches and swells in thickness from less
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than 1 m to more than 3 m, and mainly consists of massive and poddy sulfides in this 

case. It is hosted by limestone with an estimated 5 to 20% calcite veins by volume. The 

attitude of these calcite veins is highly variable because of folding, but three sets appear to 

be the most common: 045°/25S; 090°/50-80S; and 325750-80SW.

Plate 6 shows that the manto is a sinuous, subhorizontal, continuous body of 

massive sulfide 40 m long which is locally surrounded by patches of poddy sulfides. Vein 

sulfides occur mainly beneath the massive and poddy sulfides, although there are small 

(maximum 1 m by 2 m) patches on top also. Two zones of massive arsenopyrite (>80 % 

arsenopyrite) occur near the thickest portions of the sulfide zone. The arsenopyrite zones 

are roughly 5 m long by 1 to 2 m in thickness, and are surrounded by massive or poddy 

pyrrhotite in most instances. The sulfide manto merges to the north with a large, 

subvertical calcite-quartz vein (with minor disseminated pyrrhotite and pyrite) trending 

330°. Where the two merge, the calcite-quartz vein is surrounded on both sides by a zone 

of poddy sulfides up to 30 cm wide. A number of large calcite/quartz veins are also 

present at the south end of the sulfide zone, although the relationship between the veins and 

the sulfides is more complicated. Here the sulfides cut across a large calcite vein trending 

315°/70N, which is in turn cut by a narrow vein fault (used here to mean a vein occupying 

a fault) trending roughly 045°/45S. The latter vein is composed of calcite with minor 

pyrrhotite and pyrite, and forms the hanging wall to the sulfides on the west wall. On the 

east wall (not shown) the sulfide body cuts across the vein fault.

Mineralogy and alteration

The sulfide deposits are composed mainly of pyrrhotite with variable but locally 

abundant arsenopyrite, pyrite, and marcasite, minor but ubiquitous chalcopyrite, and rare
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galena, sphalerite, native gold, native bismuth, bismuthinite, magnetite, and sulfosalts. 

Gangue minerals include quartz, calcite, and rare siderite, ankerite, ferroan dolomite, 

dolomite, and muscovite. Calc-silicate minerals are absent The sulfides are generally 

massive and granular, and display no mineralogical lamination, crustiform banding, or 

breccia textures. Locally present are nearly monominerallic lenses of arsenopyrite. 

Crosscutting relationships between sulfides are rare in hand specimens, thus making 

paragenetic observations difficult. In a few places, sulfide fragments are found in clay or 

calcite matrix breccias. These were described earlier in the section entitled "Solution 

Features".

Pyrrhotite is the main constituent in most of the occurrences, locally comprising 

nearly 100 % of the rock. It is medium to coarse-grained, massive or semimassive, and 

structureless (Figs. 28, 36 to 38, 43 to 47). It is usually weakly magnetic and appears 

somewhat fractured and oxidized in surface exposures (Figs. 36 to 38, 40). In reflected 

light pyrrhotite is generally strained , elongated, and twin-banded (Fig. 48) with local 

sutured grain boundaries. It is locally recrystallized to a hypidiomorphic granular texture 

with equant grains up to 2 mm in diameter separated by straight crystal faces and triple 

junctions (Fig. 49). Where it is mixed with arsenopyrite and pyrite, pyirhotite commonly 

occurs as inclusions or fills fractures in the harder sulfides. In some places arsenopyrite 

and pyrrhotite have an irregular boundary suggesting replacement of one mineral by the 

other (Fig. 50). It rarely forms a thin overgrowth rim around euhedral arsenopyrite 

(Fig. 51). Pyrrhotite is also commonly finely intergrown with hypidiomorphic granular 

carbonate grains or fills the interstices between subhedral quartz grains (Fig. 52).

Arsenopyrite averages 5 to 10 % by volume in the Peel and Bluff zones but is 

generally less common in the other showings, perhaps averaging 1 to 5 % in the Tam,
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Penguin, and Flint zones. It is a rare constituent of the siderite-rich mantos south of Cache 

Creek. Locally, especially in the Peel zone, it forms nearly monominerallic lenses up to 3 

by 20 m in size (Plate 6). In general though, the arsenopyrite is disseminated through the 

pyrrhotite groundmass (Figs. 43, 45, 47) occurring as subhedral and euhedral rhomb- 

shaped grains up to 5 mm in diameter. Rarely it forms a crude rim around remnant clasts 

of limestone, with the rhomb-shaped crystals projecting into the limestone (Fig. 45).

Under the microscope the arsenopyrite euhedra are seen to be strongly cataclasdc (Fig. 53) 

and fractures are filled with softer sulfides or gangue minerals (Figs. 50, 53, 54).

"Skeletal" arsenopyrite grains are common and contain subhedral and euhedral inclusions 

of carbonate (Fig. 55).

A rare late stage of fine-grained drusy arsenopyrite occurs in narrow veinlets with 

quartz and chalcopyrite (Fig. 56). Grains of arsenopyrite of this stage rarely exceed 50 ji 

in size and are somewhat disagregated (Fig. 56).

Pyrite generally occurs with pyrrhotite and averages 1 to 5 % of total sulfides. It 

commonly occurs as large subhedral or rounded masses that appear to float in pyrrhotite 

(Figs. 45, 57), or as narrow veins with quartz (Fig. 42). The pyrite masses are up to 5 cm 

in diameter, and have the appearance of porphyroblasts (Figs. 45, 57). Under the 

microscope, these masses can be seen to be rounded and strongly cataclastic, with fractures 

infilled by pyrrhotite, carbonate and other softer minerals. The rounded pyrite masses are 

surrounded by strained pyrrhotite giving the impression that they have been rolled or milled 

in the flowing pyrrhotite (Fig. 57).

Late pyrite is euhedral, medium-grained (less than 200 ji), and is associated with 

chalcopyrite and quartz in open spaces in arsenopyrite and pyrrhotite (Fig. 58). A few late 

pyrite-arsenopyrite-quanz veins locally cut the pyrrhotite. Pyrite in these veins is
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hypidiomorphic granular in texture and is up to 1 mm in diameter. Locally pyrrhotite is 

altered to a distinctive porous "bird's-eye" texture (Figs. 56, 59) which is composed of a 

mixture of pyrite and marcasite. This bird's-eye pyrite-marcasite generally occurs adjacent 

to fractures or late veins.

Chalcopyrite is ubiquitous but rarely exceeds about 1 % of total sulfides by volume 

(Fig. 43). It is very fine-grained and appears to form patches or a fine network interstitial 

to other sulfides. Under the microscope, the chalcopyrite is seen to form irregular anhedral 

masses which usually fill fractures in arsenopyrite and pyrite (Figs. 54, 56, 57, 58) or 

forms irregularly shaped inclusions in pyrrhotite. Fracture-filling chalcopyrite is usually 

associated with pyrrhotite, quartz, and carbonates.

Native gold occurs as small inclusions (less than 20 p. in diameter) in arsenopyrite 

(Fig. 60), or more commonly as a fracture-filling in arsenopyrite associated with 

pyrrhotite, chalcopyrite, native bismuth, and quartz. (Figs. 60,61, 62). Gold grains in the 

fracture-filling are extremely irregular in shape, and rarely exceed 40 ji in size (Figs..61, 

62). In rare instances, gold occurs in quartz without associated sulfides (Fig. 63).

Bismuth grains are intimately associated with the fracture-filling gold and are 

usually less than 40 j i in size but occasionally reach 100 p. (Figs. 61, 62). Other 

associated minerals include bismuthinite and galena, which occur as rare, minute inclusions 

(less than 20 p.) in arsenopyrite. Because of their fine grain size, these minerals could only 

be identified using the SEM-EDS.

Galena, sphalerite, and sulfosalts are generally absent in the sulfide bodies although 

a few occurrences have been noted in the Peel zone and at the Creek showing (#17). The 

main exception is the Oxo showing (#38) which contains abundant galena and sphalerite 

(Fig. 41). Under the microscope the Oxo mineralization is seen to be composed of









T-3734 92

cataclastic, euhedral, skeletal pyrite grains up to 4 mm , anhedral, intergranular galena, 

sphalerite, chalcopyrite, and pyrrhotite, and hypidiomorphic granular quartz and carbonate. 

Also present are interstitial, fine-grained anhedral bird’s-eye pyrite and marcasite, and rare 

rounded inclusions of tetrahedrite in galena.

In the Peel zone, macroscopically visible galena and sphalerite have been identified 

in only two places; a vein cut by two drillholes, and in the heterolithic breccia in the 

1,510 m tunnel. In the former case a 20 cm wide vein encountered in drillholes 85-83 and 

85-84 contains coarse-grained pyrite, pyrrhotite, galena, sphalerite, arsenopyrite, and 

sulfosalts in a gangue of quartz and calcite. Also present are masses of hypidiomorphic 

granular pyrite, and chalcopyrite with inclusions of sphalerite. Galena is finely intergrown 

with pyrrhotite and contains fine inclusions of anhedral pyrite and euhedral arsenopyrite.

Rare sulfosalt inclusions in galena include tetrahedrite and two bundles of lath

shaped minerals tentatively identified as boulangerite (PbsSbqSn) and jamesonite 

(Pb4FeSb6S 14). In the latter case galena, sphalerite, and pyrite occur in breccia fragments 

floating in a poorly consolidated muddy matrix with some calcite cement. This breccia also 

contains clasts of various rock types.

Magnetite has only been identified in one small showing (#21) in the southwest 

comer of the study area. The magnetite occurs as euhedra to 2 mm in size associated with 

coarse euhedral arsenopyrite.

Gangue components of the sulfide bodies are mainly quartz and calcite with variable 

siderite, ankerite, ferroan dolomite, dolomite, and rare muscovite. As stated above siderite 

is the main constituent of the mantos south of Cache Creek (Plate 2). Some of the mantos 

are composed of over 90 % siderite with only minor quantities of sulfide minerals, quartz, 

and calcite. The siderite grains are coarse, up to 3 mm in size and weather brownish.
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Quartz and calcite are common in nearly all of the showings and occur as intimate 

intergrowths with sulfide minerals (Figs. 48, 49, 51, 52) or as monominerallic inclusions, 

patches, and fracture-fillings within the sulfide minerals (Figs. 50, 53 to 55, 58 to 63). 

They are invariably coarse-grained. The quartz locally occurs as veins which appear to be 

coeval with sulfides (Figs. 39, 42, Plate 6). In addition, the sulfide vein showings (Thrust 

vein. Bluff showing), contain a higher proportion of quartz than the mantos, and locally 

change along strike to massive quartz and calcite with only minor sulfides (Fig. 39).

In core and underground exposures of the Peel sulfide manto, a slight silicification 

and pale greenish-grey bleaching is locally developed in lime mudstone adjacent to sulfide 

minerals (Figs. 64, 65). This vague alteration forms thin diffuse selvages in the lime 

mudstone and rarely extends more than 1 cm from the sulfide minerals. In thin-section 

these quartz and carbonate grains are generally seen to be recrystallized to a medium to 

coarse-grained hypidiomorphic granular texture (Figs. 51, 52). The composition of 

carbonate grains is difficult to determine optically and therefore they were determined by 

SEM-EDS (described below). Calcite is the main constituent but other carbonate minerals 

are also present including dolomite, ferroan dolomite, ankerite and siderite. Muscovite is 

rare but is locally associated with recrystallized quartz.

Mineralogical association of gold

Company geologists have noted a crude correlation between gold grades and 

arsenopyrite content in the Peel sulfide manto (Parry and others, 1984). In an attempt to 

quantify this association and to test for other associations, a program of detailed sampling 

was undertaken. Fifty-eight rock samples were collected from the walls of the 1,430 m
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tunnel in the Peel zone. Where possible, nearly monominerallic samples were obtained. 

Modal percentages of sulfide, oxide, and gangue minerals were estimated under the hand 

lens. The samples were analyzed for gold by Dan Zarchikoff at the Ketza River Assay Lab 

using a "rapid assay" technique. Following pulverization a 10 g split was digested in aqua 

regia and analyzed by atomic absorption spectrometry. The sample suite consists of 43 

sulfide-bearing samples and 15 samples of iron oxide mineralization (Type 3). 

Unfortunately, the latter 15 samples turned out to be uniformly low in gold and therefore 

will not be discussed further. The results for the 43 sulfide-bearing samples are included in 

Table 1.

The samples contain variable amounts of pyrrhotite, arsenopyrite, pyrite, 

chalcopyrite, quartz, calcite and limestone. In addition, some contain a small percentage of 

"bleached" or altered limestone (Table 1). The gold content of the samples is plotted 

against the modal percentages of a) total sulfide, b) arsenopyrite, c) pyrrhotite, and d) 

pyrite on Figure 66.

A fair correlation exists between gold content and total sulfide content (Fig. 66a). 

Samples with less than 50 % sulfides are low in gold (less than 2 g/T), and samples with 

greater than 50 % total sulfides have a higher but erratic gold content. In fact, of ten 

samples with greater than 95 % sulfides, only two have gold contents higher than 6 g/T. 

These highly sulfide-rich samples are mainly composed of pyrrhotite or pyrite, with very 

little arsenopyrite or chalcopyrite.

The best correlation is between gold content and arsenopyrite (Fig. 66b). Of 21 

samples containing arsenopyrite, a total of 16 have gold values over 5 g/T. All of the 

samples with greater tha 75 % arsenopyrite have gold contents higher than 11 g/T Au. 

Even samples with only small quantities of arsenopyrite (less than 20 %) are sometimes
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enriched in gold.

Gold has a weak negative correlation with pyrrhotite content (Fig. 66c). A total of 

16 samples contain greater than 40 % pyrrhotite and have gold values ranging from 0.2 to

15.4 g/T; however, of these, all but two samples contain less than 5 g/T. Samples with 

less than 10 % pyrrhotite have much higher gold values, with 14 out of 22 assaying 

greater than 5 g/T, and ranging up to 114.5 g/T. This is somewhat misleading, however, 

as these low "pyrrhotite samples" are correspondingly high in arsenopyrite.

The gold content of pyrite-bearing samples is relatively low (Fig. 66d). Only four 

out of 26 samples containing pyrite have gold grades higher than 5 g/T, and two of these 

(#42 and #56) also contain small amounts of arsenopyrite. Sample #15, composed of 

90 % pyrite and 10 % pyrrhotite, is a notable exception, containing 26.9 g/T Au.

Not shown on Figure 66 is the correlation between chalcopyrite content and gold 

grade. Chalcopyrite content rarely exceeds 0.5 % and therefore it is very difficult to 

estimate in hand specimen. Nevertheless, 14 samples which contain trace to 0.5 % 

chalcopyrite average 12.2 g/T Au (Table 1). Eight of the 14 samples contain more than 

5 g/T Au, and all of these contain arsenopyrite, whereas the six samples with less than 

5 g/T Au contain no arsenopyrite. Similarly, the data show a crude correlation between 

quartz and gold. 14 out of 21 samples with trace to 40 % quartz contain greater than 

5 g/T Au (Table 1). Again , all of these samples also contain arsenopyrite.

In summary, this study shows that although gold is erratically distributed, it 

generally shows a good correlation with arsenopyrite content in the 1,430 m tunnel. 

Although there is a fair correlation with total sulfide content, it is apparent that the high gold 

values are associated with massive sulfide samples which contain some arsenopyrite. In 

fact some samples with greater than 95 % sulfide (as pyrrhotite or pyrite) are relatively low
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Table 1. Gold content and modal mineral percentages of mineralized rock samples, 
1430 m tunnel. Peel sufide manto, Ketza River gold mine.

Sample Au ___________________________ Modal Mineral Percentages_________________________________
# (g/T) pyrrhotite pyrite arsenopyrite chalcopyrite quartz calcite limestone other /  remarks

1 10.5 20 0 60 0 0 0 10 10% bleached Imst.
2 20.5 5 0 80 0 5 2 0 8% bleached ImsL
3 19.1 10 0 80 0.5 5 2 0 3% bleached ImsL
4 31 .7 5 0 85 0.5 3 2 0 5% bleached Imst.
5 35 .9 5 0 90 tr. tr. 3 0 2% bleached Imst.
6 114.5 2 0 80 0 20 tr. 0
7 11.8 3 0 80 0 5 0 10 2% bleached ImsL
8 15.6 5 0 85 tr. 8 2 0
9 25.3 5 0 75 0 10 5 0 5% bleached ImsL
10 9.1 tr. 0 60 0 0 0 0 40% bleached Imst.
11 23.5 0 0 85 0.5 5 5 5
12 11.3 2 0 80 0.5 10 5 3
13 14.6 2 0 55 0.5 0 3 0 40% bleached Imst.
14 5.6 10 90 0 0 0 0 0 10cm py. mass
15 26 .9 10 90 0 0 0 0 0 15cm py. mass
16 0 .6 10 90 0 0 0 0 0 py. cubes
17 3 .4 10 80 0 0 0 10 0 py. vein
18 0.5 1 5 0 0 0 94 0
19 0.4 0 5 0 0 0 95 0
20 0.4 0 5 0 0 0 50 45
22 1.3 65 2 0 0 0 0 0 33% bleached Imst.
23 1.4 99 tr. 0 0 0 0 tr.
24 1.5 90 0 0 0 0 0 0 10% bleached Imst.
25 0 .2 98 tr. 0 0 0 0 0 2% siderite (?)
26 3 .9 40 10 0 tr. 10 10 30
27 0.7 99 0 0 tr. 0 0 0
29 0.7 85 5 0 tr. 0 0 10
30 1.9 90 10 0 0 0 0 0
31 1.1 95 2 1 tr. tr. 0 2
32 0 .2 95 0 0 tr. 3 0 2
36 1.1 2 60 0 0 tr. 38 0
37 0 .2 tr. 70 0 0 0 30 0
38 6.2 5 0 65 0 tr. 30 0
39 2.7 20 20 20 0 40 0 0
40 2.3 5 70 0 0 0 5 20
41 0.6 10 80 0 0 0 10 0
42 10.9 55 5 tr. tr. 10 0 0 30% bleached Imst.
43 0.7 10 30 0 0 0 0 0 10% clay, 50% Feox
54 3.9 95 3 1 0 0 0 2
55 3.6 90 2 1 0 5 1 1
56 15.4 85 tr. 10 tr. 5 tr. tr.
57 4 .9 90 5 0 tr. 2 2 tr.
58 1.1 80 1 5 0 3 2 0 10% bleached Imst.

Abbreviations: tr: trace, Imst: limestone, py: pyrite, Feox: iron oxide.
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Figure 66. Mineralogical association of gold in the Peel sulfide manto, Ketza River 
mine. Gold grade versus modal percentage of a) total sulfides, 
b) arsenopyrite, c) pyrrhotite, and d) pyrite. Best fit polynomial curves 
were calculated and drawn by computer (total sulfides: 2nd order, 
arsenopyrite and pyrrhotite: 3rd order, pyrite: 4th order).
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fact some samples with greater than 95 % sulfide (as pyrrhotite or pyrite) are relatively low 

in gold Therefore, within the Peel sulfide manto, the best visual guide for gold is the 

presence of arsenopyrite, regardless of the relative percentages of pyrrhotite, pyrite and 

other constituents.

Gold Fineness

A total of eight microscopic gold grains in three samples from the Peel sulfide 

manto were analyzed in order to determine their fineness and what impurities are present 

Semiquantitative results were obtained using the SEM-EDS (Table 2). The only 

contaminants present in the gold grains are silver and iron. In terms of weight percent, Ag 

ranges from 2.1 to 6.5 % and Fe ranges from 0 to 1.8 % with a single analyses of 4.5 %. 

Au content ranges from 91.8 to 97.1 % (fineness of 918 to 971).

Table 2. Semiquantitative analyses of submicroscopic gold grains in three samples 
from the Peel sulfide manto, Ketza River mine.

Sample # Analaysis  Weight percent  Associated minerals
Au Ag Fç Total

MC-6 1 93.7 4.5 1.8 100.0 po, bi, cpy, gn, qtz, aspy
3 91.8 3.7 4.5 100.0 po, bi, cpy,gn, qtz, aspy
7 97.1 2.1 0.8 100.0 qtz, aspy
10 95.2 3.9 0.9 100.0 qtz, aspy

PZ-2 5 92.2 6.4 1.4 100.0 aspy, po, bi, qtz
6 92.0 6.5 1.6 100.0 aspy, po, bi, qtz

MC-42 7 96.0 4.0 0.0 100.0 aspy, qtz, cal
8 94.9 5.1 0.0 100.0 qtz, po

Abbreviations: po: pyrrhotite, bi: bismuth, cpy: chalcopyrite, gn: galena, aspy: 
arsenopyrite, qtz: quartz, cal: calcite.
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Gold-Bearing Iron Oxide Mantos and Chimnevs 

Hosted bv Subunit Id 

Gold-rich iron oxide or "limonite" ore was mined at the Ketza River mine from 

1988 until 1990. A total of 3,150 kg of gold were produced from just over 340,000 

tonnes of ore milled. This ore occurs as manto, and chimney-shaped bodies including the 

Ridge, Peel, and Break oxide zones (#8 to 10, Plate 2). These orebodies are located 

directly adjacent to the Peel sulfide manto, described above.

The limonite ore is generally reddish-brown in color, but ranges from tan and 

greenish to black. Cellular boxwork, fluffy, and earthy textures are the most common 

(Figs. 67, 68, 69). This material is a mineralogically complex mixture of goethite, 

hematite, scorodite, unidentified hydrous ferric oxide minerals, and various admixed 

impurities including quartz, clay, carbonate, and sulfide minerals. Gold is often associated 

with an unusual and distinctive iron-bearing substance, tentatively identified as 

"hisingerite", a hydrous Fe-Si-Al-Ca-Mg-Mn mineraloid (Figs. 69, 70).

Shape, attitude, and size

The Peel oxide zone is a northwest-trending manto-shaped body which extends 

northeasterly from the Peel sulfide zone (Plate 3, 4). It is nearly horizontal and is 

completely hosted within lime mudstone of Subunit Id (Plate 4; Sections B, C, D).

Subunit Id dips southerly at about 30° in this area; therefore, the oxide orebody cuts across 

the stratigraphy at a low angle. In fact, to the northeast, the orebody is nearly 110 m 

beneath Subunit le (Hole 85-107, Section C, Plate 4). The Peel oxide manto has
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dimensions of approximately 200 m in a north-south direction and 150 m in an east-west 

direction. It ranges in thickness from 2 to 25 m, averaging about 10 m. Boundaries with 

limestone wallrock are generally sharp, although limonite-filled fractures are commonly 

present above and peripheral to the main oxide orebody. In many places a thin layer 

(< 30 cm) of finely laminated, unconsolidated, greenish or brownish clay is present at the 

hanging wall contact of the limonite (Fig. 68). Near the top of the 1,430 m ramp (Plate 6), 

blocks of limestone up to 2 m in diameter appear to float in the limonite beneath the clay 

deposits. In addition, poorly consolidated clay bands are locally present within the limonite 

ore (Plate 6). The origin of these clay deposits will be discussed in detail in Chapter 5.

To the northwest the Peel oxide manto merges with the Ridge oxide chimney (Plate 

4, Section B). On the surface the Ridge zone is an oval-shaped gossan about 30 m wide 

and 100 m long, which occurs to the south (foot wall) of the east-northeast-trending Peel 

fault (Plate 3). The thickest part of the chimney plunges steeply to the north, and extends 

down to at least 175 m below surface, the limit of drilling (Plate 4, Section B). The 

thickest part of the zone is coincident with the projected intersection of the Peel and 

Northwest faults (Plate 3). Drillholes and underground workings show that in addition to 

limonite, the Ridge zone is comprised of clay gouge, quartz, and angular fragments of 

Subunits la, Id, le, and If.

Detailed mapping of the limestone on surface above the intersection of the Peel and 

Ridge zones has led to the recognition of a zone of pervasive jointing centered around the 

collar of hole AX-22 (Plate 3). The limestone in this area is broken up into cubes several 

centimeters across. The jointing overlies the thickest part of the oxide mineralization in the 

mine area.
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Mineralogy and textures

In hand specimen the iron oxide mineralization consist sof easily identifiable 

goethite, hematite, and scorodite and minor quartz, clay, sulfide minerals, and rock 

fragments. The limonite undoubtedly also contains a variety of hydrous ferric oxides and 

amorphous compounds, all of which are difficult to identify. A thorough mineralogical 

study would be useful and should comprise x-ray diffraction studies and chemical 

analyses.

Early company geologists noted the association of high gold grades with an unusual 

substance which they tentatively identified as "hisingerite" (Rotherham, 1959). It has a 

cryptocrystalline, conchoidally fracturing habit (Fig. 70), is quite brittle and soft (hardness 

of 3 to 4), is often shiny (Fig. 69), and ranges in color from pale tan to bright red and dark 

brown. Whelan and Goldich (1961) reported that hisingerite is not truly a mineral but is a 

hydrous iron compound of uncertain structure which contains Si, Al, Ca, Mg, and Mn. 

They also reported that samples of hisingerite produce broad weak x-ray diffraction peaks 

at 1.5, 1.7, and 2.6 angstrom d-spacings. Microprobe and x-ray diffraction data reported 

by Toohey (1986) offered partial, but not unequivocal, support for the identification of this 

substance as hisingerite; many iron oxide minerals have similar compositions and x-ray 

diffraction patterns.

Limonite textures are described according to the classification scheme established 

by Blanchard (1968). The oxide material is generally porous and massive and displays 

little internal structure or banding. In hand specimen it is usually earthy or granular in 

appearance (Fig. 69), and is very soft and easily disaggregated. Cellular boxwork and 

cellular sponge textures are also common and are composed mainly of goethite (Fig. 67).
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Fluffy limonite locally fills fractures along the margins of, and above the Peel and 

Ridge zones, and has impregnated oolitic limestone beds. This fluffy limonite is usually 

barren of gold.

Tvpe 4

Gold-Poor Ouartz-Sulfide Veins

At least ten showings of quartz-sulfide vein and stockwork mineralization occur in 

the western part of the district, and are mainly hosted by Subunit Id. They occur in the 

same area as the Type 2 sulfide manto occurrences described above. These vein showings 

are small and only weakly anomalous in precious metals. Consequently they are of little 

economic importance. Nevertheless they represent a different style of mineralization and 

provide further evidence for hydrothermal activity in the district.

The veins consist primarily of quartz with locally subordinate calcite, and generally 

less than 2 % sulfides; usually chalcopyrite or arsenopyrite but rarely including pyrite, 

pyrrhotite, or tetrahedrite. Limonite, malachite, and scorodite are common on surface 

exposures. Many of the veins are surrounded by selvages up to several tens of meters 

wide of sucrosic, blocky, and orange-weathering dolostone (Fig. 71). The veins 

themselves rarely exceed 1 to 2 m in width. At the Sue showing (#41), the vein is up to 

3 m wide and is surrounded by a wide zone of quartz veinlets which cut orange blocky 

dolostone.

Many of the veins are situated in steeply dipping faults striking NW or NNE to NE. 

Some of the faults juxtapose Subunit Id against Subunits le, If, and 2a (Plate 2). The 

attitudes of these vein-filled faults are the same as the two main fault sets in the western part 

of the district, as outlined in Chapter 3. At the Sauna (#39) and MC (#40) showings,
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narrow veins are distributed in a random stockwork pattern (Fig. 71). The quartz-sulfide 

veins in these occurrences rarely exceed 10 cm in width and comprise less than 10 % of 

the rock by volume. The Sauna stockwork zone covers an area of roughly 150 by 300 m, 

and the MC zone covers an area of only about 10 by 20 m.

Tvpe 5

Silver-Bearing Galena-Siderite Veins Hosted bv Units 2 to 5 

Thirty small silver-bearing galena-siderite fissure veins are hosted by Upper 

Cambrian and younger rocks (Units 2 to 5) in the eastern part of the district 

(Occurrences #49 to 79, Plate 2; Appendix). The veins are predominantly composed of 

galena and siderite with lesser but locally abundant pyrite, chalcopyrite, quartz, calcite, 

dolomite, and wallrock fragments, and rare tetrahedrite, sphalerite, and arsenopyrite. The 

metallic minerals usually occur as discrete lenses, pods, or shoots within the siderite 

gangue, or rarely as semimassive, stratabound manto-like lenses within calcareous rocks. 

Weakly disseminated galena is locally hosted by dolostone breccia of Subunit 3a and black 

slate of Subunit 2b.

Most of the showings are narrow and discontinuous and of little economic 

importance, but a few are larger and have recieved drilling or underground development,. 

This group includes the Mt Misery (#50), Key 3 (#51), Lap 10 (#54), F2 (#70), Stump 

(#72), and K18B (#74) veins. The Stump vein has reserves of 49,800 tonnes grading 

20 % Pb and 719 g/T Ag, and the K18B vein has reserves of 8,065 tonnes grading

14.4 % Pb and 873 g/T Ag (Orssich and others, 1985). Over the years, a small amount 

of hand-sorted ore has been produced from the Key 3 showing. In 1961 a shipment of

13.6 tonnes graded 3,320 g/T Ag, and 62.8 % Pb, and in 1979 a shipment of
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32.6 tonnes graded 2,110 g/T Ag and 25.5 % Pb.

Galena-rich samples (>70 % Pb) grade between 1,000 and 4,000 g/T Ag, and 

samples containing tetrahedrite grade up to 17,000 g/T Ag (Woodcock, 1955; Green,

1966; Findlay, 1967; 1968; 1969). Gold values are generally less than 1 g/T except in 

showings with arsenopyrite, which have values up to 6.9 g/T (Occurrences #56, 63, 64, 

65; Woodcock, 1955). At the F2 vein, a small quartz-pyrite zone averages 21.6 g/T Au 

over a width of 0.7 m and a strike length of 9.14 m (Orssich and others, 1985).

Spatial extent, stratigraphie position, attitude, and size

The majority of the showings occur in a northwest-trending belt 2 km wide and 

7.5 km long. This belt is located in the eastern part of the district and is roughly parallel 

to, and west of, the northwest-flowing Ketza River (Plate 2). A few showings are isolated 

from the main belt, including Occurrences #49, 50, 78, and 79. There does not seem to be 

any elevation control on the mineralization or silver grades; veins are known to be present 

at all elevations ranging from 1,300 to 2,300 m.

The showings are hosted by nearly all rock types ranging from Unit 2 to 5 (Upper 

Cambrian to Mississippian in age), however, certain lithologies appear to be better hosts. 

The largest and most continuous veins, and the largest number of showings occur in 

Subunit 2a (calcareous phyllite), Subunit 3a (dolomitic siltstone), Subunit 3b 

(orthoquartzite), and Subunit 4b (tuff, siltstone, and volcanic rocks). Numerous small and 

discontinuous veins occur in greenstone of Unit 5 (Seagull-Porcupine-Pass Peak thrust 

sheet).

The great majority of the veins have northerly strikes and steep east or west dips.

Of 23 veins for which attitudes could be determined, 15 have strikes ranging from 340° to
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015° and dips of 60W to 70E. The Key 3 (#51) and Lap 10 (#54) have similar strikes but 

dip shallowly (15° to 45°) to the west. Two veins (#57, 60) strike northwesterly (310° and 

320°) and dip shallowly (10° to 40°) to the southwest. A few showings have widely 

divergent attitudes including the Key 35 showing (#62; 057°/68N) and a subsidiary vein at 

the Sharon showing (#78; 110°/70N).

The amount of movement on the vein faults appears to be minimal in most cases, 

however, a few have significant offsets. The Mt Misery vein (#50) is hosted by a fault 

with an estimated offset of 100 m (Fig. 30). The movement appears to be mainly vertical 

with the east side relatively downdropped. The Hoey vein (#70) is hosted by a steeply 

east-dipping reverse fault with an offset of at least 20 m (Fig. 31). The nearby Canyon 

(#69) and Gem (#71) veins are hosted by a parallel structure with normal movement. The 

veins range in width from a few centimeters to up to about 5 m. The larger veins average 

1 to 2 m wide and have been traced for hundreds of meters in length; the Stump vein has 

been traced for over 250 m, the Hoey for 275 m and the Lap 10 for 140 m.

A few showings appear to be stratabound. The Key 16B showing (#65) is a 

crudely conformable, manto-like lens of pyrite, arsenopyrite, and siderite which dips 

shallowly west within calcareous phyllite of Subunit 2a. The mineralization occurs 

adjacent to a north-trending, steeply west-dipping fault (Orssich and others, 1985). A 

similar manto-shaped body of pyrite-arsenopyrite occurs at the Key 13a showing (#63) and 

is adjacent to a north-trending galena-siderite vein. Both the Key 13a and Key 16b 

showings occur adjacent to the inferred east-northeast-trending Cache Creek fault

At the nearby Key 35 showing (#62) pyrite and subordinate galena occur as 

disseminations along foliation planes in a thin bed of black slate. The slate is probably 

Subunit 2b (Silurian) but may be Subunit 4a (Devonian-Mississippian).Similar weakly
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disseminated galena mineralization in black slate (Subunit 2b?) is reported by Sadlier- 

Brown and Nevin (1978) at the F3 showing (#68).

Weakly disseminated galena is also hosted in the matrix of dolomitic rubble breccia 

and stylolitic dolostone of Subunit 3a at the Lower Switchback (#66), Upper Switchback 

(#67), Canyon (#69), and F4 (#74) showings. In some cases the breccia-hosted 

mineralization occurs directly above a faulted contact with black slate of Subunit 2b. In all 

cases the disseminated mineralization occurs adjacent to north-trending galena-siderite 

veins.

Mineralogy and textures

The veins are mainly composed of gangue, although sulfide minerals locally form 

massive or semimassive shoots. Sided te is by far the most abundant gangue mineral, 

although quartz and lesser calcite and dolomite are locally present The sided te and other 

gangue minerals are usually very coarse-grained (Figs. 72, 73), up to 1 cm in diameter, 

and have a hypidiomorphic granular texture (Figs. 72, 73). Quartz is usually present in 

small amount, and is locally the main gangue constituent, such as in the tunnel at the Hoey 

showing (#70).

SEM-EDS data presented below show that the sided te is the main carbonate mineral 

at the Stump and K18B showings, despite some field descriptions of "ankerite" in old 

company reports. It is possible that iron carbonate in some of the other showings may be 

ankerite.

Galena is the most common sulfide mineral in the veins and occurs as massive, 

coarsely anhedral disseminations in the gangue (Fig. 72), coarse, hypidiomorphic granular 

masses (Fig. 73), or massive fine-grained "steel" galena. The steely texture is the result of
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pulverization and smearing of the galena due to late movement on the vein faults. Locally 

the steel galena contains angular or rounded fragments of wallrock and gangue minerals 

resulting in a "durchbewegung" texture (Yokes, 1969). Pyrite locally comprises up to 

20 % of the vein and occurs as hypidiomophic granular masses or bands (Fig. 72), or as 

coarse anhedral to subhedral grains disseminated in the gangue. Chalcopyrite locally 

comprises up to 5 % of the veins and occurs as anhedral grains or veinlets interstitial to 

gangue or other sulfides (Fig. 72). Tetrahedrite is rarely visible in hand specimens except 

in veins with higher silver grades, such as the Key 3 (#51), K18B (#74), and F4 (#75) 

showings. Under the microscope it is observed as fine rounded inclusions in galena or 

irregular fracture fillings in pyrite.

Sphalerite is usually absent but is abundant in a few showings, notably the Zinc 

(#52), Carl 1 (#79), and Carl 2 (#49) showings. Grades up to 25.5 % Zn have been 

reported (Sadlier-Brown and Nevin, 1978). The sphalerite is brown or black in color 

suggesting a high iron, cadmium, or manganese content content.

Arsenopyrite occurs in six showings (#50, 56, 57, 63, 64, and 65), most of which 

are hosted by, or occur near, the Mt Misery or Cache Creek faults. Arsenopyrite in these 

occurrences is coarse-grained and euhedral and is associated with galena, pyrite, siderite, 

and quartz. As stated above, two of these showings (#63 and 65) are partly conformable 

lenses and have the appearance of mantos. Arsenopyrite-rich samples are generally 

elevated in gold, grading up to 6.9 g/T (Woodcock, 1955).

Lead Isotope Studies

Godwin and others (1982) conducted a comprehensive lead isotope study of 73 

base metal deposits in the northern cordillera, in order to define ages of mineralization and
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the basement sources of the lead. In their study, samples were collected from shale-hosted 

Ba-Zn-Pb, carbonate-hosted Zn-Pb, and Ag-rich epigenetic deposits from northern British 

Columbia and Yukon Territory. The Ag-rich epigenetic group includes twelve samples 

from Type 5 galena-siderite veins from the Ketza River district Lead was separated from 

galena and analyzed for ~^Pb, ^^P b , and ~^Pb by mass spectrometer. Isotopic ratio 

plots are included as Figure 74.

The Ag-rich epigenetic group, including the Ketza River samples, have highly 

radiogenic leads and a clearly defined secondary isochron (Fig. 74). According to Godwin 

and others (1982), the highly radiogenic leads probably formed from preferential leaching 

of lead from uranium-rich crustal rocks. Because many of the Ag-rich deposits are 

associated with Cretaceous (70 to 100 Ma) intrusions (i.e. Keno Hill, Tombstone, Casino, 

Ram), the authors interpreted that this was the age of mineralization. They calculated a 

Hudsonian (1,710 Ma) source for the lead and other metals in these deposits. The 

epigenetic deposits were interpreted to have been "deposited from hydrothermal solutions 

mobilized and possibly contributed to by Cretaceous intrusions" (Godwin and others, 

1982). Unfortunately, the Godwin study did not include any samples of galena from Type 

1,2,3, and 4 deposits hosted by Lower Cambrian or older rocks.

Carbonate Mineral Compositions

Certain carbonate minerals are nearly impossible to distinguish from one another 

both in hand specimen and optically. Because they are common gangue constituents in 

Type 2 and 5 deposits, it was important to properly identify these carbonate minerals, 

andchemical analyses were needed. Semiquandtadve analyses were accomplished using 

the SEM-EDS in the Department of Metallurgy, Colorado School of Mines. A total of 43



T-3734 114

k -0® 

—
.32

1.71

GROWTH CURVE; AGE IN B.X 

^  SILVER DEPOSITS; • 0-1 BY.

0  ZN-BA SHALE HOSTED; -3 7  B.X 

^  ZN-PB GARB. HOSTED (YOUNGk - 0 37 BX 

^  ZN-PB CARS. HOSTED (OLD); - 0-52 BX ,
0>

3 V  GALEN*

"•Pe '-P b

Figure 74. Plot of isotopic ratios for northern Canadian Cordillera base metal deposits
(from Godwin and others, 1982). The data define three distinct isotopic 
signature named "old carbonate", "young carbonate", and "silver".
Samples from Type 5 galena-siderite veins from the Ketza River mining 
district fall into the silver -rich epigenetic group. The diagram in the upper 
left comer illustrates the ages of mineralization and source of lead and other 
metals for the three classes of deposits.
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Fe, Mg, and Mn. Up to 1 % Si was encountered in some grains and probably reflects 

some admixed quartz. With Si removed, the cation pecentages were normalized to 100 and 

are include in Table 3.

The calcite group (CaCOg) of carbonate minerals is complicated by a wide range of 

compositional substitutions. Various cations, including Mg, Mn, Fe, Co, Zn, Cd, Li, Na, 

Ba, Sr, and Pb may replace Ca (Palache and others, 1951). Unfortunately, there are no 

strict rules regarding nomenclature, and not all solid solutions have been experimentally 

tested (Deer and others, 1966; Essene, 1983). With the exception of dolomite, minerals of 

the calcite group crystallize in the scalenohedral class. Mg and Fe may substitute for Ca in 

small amounts. In low Ca varieties, complete series extend from siderite (FeCOg) to both 

magnesite (MgCOg) and rhodochrosite (MnCOg), and a partial series extends from 

magnesite to rhodochrosite (Fig. 75; Hurlburt, 1957).

The dolomite group (Ca, Mg (COg)2) crystallizes in the rhombohedral class. The 

Ca:Mg ratio rarely exceeds 1.33:1, or 57 % Ca (Essene, 1983). Fe and Mn frequently 

substitute in the Mg position. Fe-rich varieties are arbitrarily divided into ankerite (less 

than 4:1 Mg:Fe) and ferroan dolomite (more than 4:1 Mg:Fe; see Figure 76). Partial series 

extend from ankerite to CaCOg, MgCOg, and MnCOg (Essene, 1983).

A total of eight analyses were made on carbonate grains from two Type 5 galena- 

siderite veins (Table 3). The carbonate minerals contain from 80.9 to 85.0 % Fe, 0.3 to 

1.2 % Ca, 5.3 to 10.1 % Mg, and 7.2 to 10.6 % Mn. With Ca removed, the 

normalized results are plotted on Figure 76, confirming that the grains are siderite with high 

Mn and Mg contents.

Ten analyses were made on carbonate grains from three widely separated Type 2 

gold-poor, iron carbonate-sulfide mantos (Table 3). In all cases iron carbonate minerals are
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Table 3. Carbonate mineral compositions from Type 5 galena-siderite veins and Type 
2 sulfide or siderite mantos.

Occurrence Analysis
Ca Mg

Atomic % 
Mn Fe Total

Name Plotted on:

lYP£„. 5 - A rgentiferous G alena-Siderite Veins

Stump (#72) 3-1 1.0 7.3 8.4 83.4 100.1 siderite Figure 76
3-2 1.2 9.3 8.6 80.9 100.0
3-3 1.1 10.1 7 .2 81.7 100.1
3-4 1.0 9.1 8.2 81.7 100.0

K18B (#74) 1-1 0.9 5.6 10.6 83.0 100.1
1-2 1.0 5.3 8.7 85.0 100.0
1-3 0.7 10.1 7.7 81.5 100.0
1-4 0.3 8.2 9 .0 82.4 99.9

Tvpe 2 - G old-Poor siderite-sulfide mantos

Occurrence #32 Kon 79-1 1.2 6.5 9 .2 83.1 100.0 siderite Figure 76
Kon 79-2 1.3 6.3 10.2 82.2 100.0
Kon 79-3 1.1 6.4 10.5 82.1 100.1

Occurrence #26 Kon 77-1 1.8 7 .0 10.2 81.0 100.0
Kon 77-2 2.3 9.1 9.3 79.3 100.0
Kon 77-3 1.8 8.6 9.1 80.5 100.0

Occurrence #29 Kon 93-1 3.7 4 .9 9.4 82.2 100.1
Kon 93-2 2.3 3.5 9.3 85.5 100.1
Kon 93-3 2.6 4.3 9.9 83.2 100.0
Kon 93-4 3 .0 4.3 10.2 82.5 100.0

continued..
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Table 3. (continued)

Occurrence Analysis
Ca Mg

Atomic % 
Mn Fe Total

Name Plotted on:

T ïP e 2 Gold-Rich sulfide ..Mantos
Peel zone MC-6-11 55.5 28.3 1.7 14.5 100.0 ankerite (group 1) Figure 76

MC-6-12 55.1 28 .2 1.6 15.2 100.1 ankerite (group 1) Figure 76
MC-11-1 3 .0 0.3 0.9 96.7 100.0 siderite (group 3) Figure 75
MC-11-2 1.8 0.7 0 .0 97.5 100.0
MC-11-3 0.8 0.7 0 .0 98.5 100.0 " "
MC-11-4 0.6 0.7 0 .0 98.7 100.0 ''
MC-42-1 55.9 33.1 2.3 8.7 100.0 fer. dol. (group 1) Figure76
MC-42-2 53.7 15.6 1.3 29.4 100.0 ankerite (group 1) Figure 76
MC-42-3 55.5 32.3 3.1 9.0 99.9 ankerite (group 1) Figure 76
MC-42-9 9.1 6.0 1.7 83.2 100.0 siderite* (group 4) not plotted

MC-42-10 6.9 6.6 1.9 84.6 100.0 siderite* (group 4) not plotted
M C-42-11 2 .4 4 .4 1.8 91.5 99.9 siderite (group 3) Figure 75
MC-42-12 2 .0 1.3 0 .0 96.6 99.9 siderite (group 3) Figure 75
M C-42-15 63.6 34.5 0 .0 2.0 100.1 dolomite** (group 2) not plotted
MC-42-16 13.0 3.5 1.7 81.8 100.0 siderite* (group 4) not plotted
M C-42-17 57.5 30.5 3 .0 9.0 100.0 ankerite (group 1) Figure 75

PZ-2-1 57.8 35 .2 1.9 5.1 100.0 fer. dol. (group 1) Figure 75
PZ-2-2 62.2 30.7 1.7 5.6 100.0 fer. dol.** (group 1) not plotted
PZ-2-3 59 .0 32.5 1.5 7.0 100.0 fer. dol.** (group 1) Figure 75
PZ-2^ 62.7 27.7 2.1 7.5 100.0 ankerite** (group 1) not plotted

PZ-64-1 62.8 35.5 0 .0 1.7 100.0 dolomite** (group 2) not plotted
PZ-64-2 60.6 36.6 0.0 2.8 100.0 dolomite** (group 2) not plotted
PZ-64-3 96 .0 1.0 0.9 2.1 100.0 calcite not plotted
PZ-64-4 66.3 29.9 1.1 2.7 100.0 fer. dol.** (group 1) not plotted
PZ-64-5 64.3 26 .4 2.5 6.8 100.0 ankerite** (group 1) not plotted

*  CaC03 content in siderite rarely exceeds a few mol %. High Ca content may relect some admixed calcite. 
** CaC03 content in dolomite and ankerite rarely exceeds 57 mol %. High Ca content may reflect admixed 
calcite.

Abbreviations: Per. dol.; Ferroan dolomite
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Figure 75. Normalized composition (mol %) of carbonate minerals from Type 2
mantos and Type 5 veins, plotted in the system MgCOg-MnCOg-FeCog. 
Carbonate minerals with more than 5 % CaCog are excluded. The range of 
natural compositions is taken from Essene (1983).
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Figure 76. Normalized composition (mol %) of carbonate grains from the gold-rich
Peel zone sulfide manto, plotted in the system CaMg(C03)2-CaFe(C03)2- 
CaMn(C03)2- Only carbonates with between 40 and 60 % CaCo3 are 
included for this diagram. The range of natural compositions is taken from 
Essene (1983) and the arbitrary boundary between ferroan dolomite and 
ankerite (Mg:Fe ratio of 4:1) is taken from Deer and others (1966).
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intergrown with pyrrhotite, arsenopyrite, and pyrite. The compositions of these iron 

carbonate grains range from 79.3 to 85.0 % Fe, 1.1 to 3.7 % Ca, 3.5 to 9.1 % Mg, 

and 9.1 to 10.5 % Mn. With Ca removed, the normalized results are plotted on Figure 

76, and fall into the siderite field. The compositions of the carbonate grains are almost 

identical to those for Type 5 galena-siderite veins, including the high Mn and Mg contents.

Twenty-five analyses of carbonate grains were made on five samples of Type 2 

gold-bearing sulfide manto mineralization from the Peel zone. Calcite is always present 

and is easily identifiable, but iron carbonate minerals are not obvious in hand samples. 

Under the microscope, however, the gangue is mostly composed of quartz, carbonate 

minerals, and minor muscovite. Analyses of these carbonate grains are quite variable, and 

can be classified into four groups, in addition to calcite. These are ferroan dolomite- 

ankerite, dolomite, pure siderite, and siderite with admixed calcite. All are low in Mn 

relative to the gold-poor mantos and galena-siderite veins.

Group 1 carbonates (12 grains) fall into the ferroan dolomite and ankerite fields on 

Figure 76. These grains contain from 53.7 to 63.3 % Ca, 15.6 to 35.2 % Mg, 1.3 to 

3.1 % Mn, and 5.1 to 29.4 % Fe. Since Ca in these grains ranges up to 64.3 % (higher 

than the limit of 57 % Ca) it is probable that some grains may contain some admixed 

CaCOg.

Group 2 carbonates (3 grains) are dolomite and are similar in composition to Group 

1 except they contain less Mn and Fe. They contain 60.6 to 66.3 % Ca, 29.9 to

36.6 % Mg, 0 to 1.1 % Mn, and 1.7 to 2.8 % Fe. Again, since Ca exceeds 57 % it is 

probable that some admixed calcite is present.

Group 3 carbonates (6 grains) are nearly pure siderite and are plotted on Figure 76. 

These grains contain negligible Ca, Mg, and Mn.
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Finally, Group 4 carbonates (3 grains) are similar to group 3 siderite except they 

contain significantly higher Ca (6.9 to 13.0 %). As stated above, Ca may substitute in the 

siderite structure in very small amounts, suggesting that these analyses represent siderite 

with some admixed calcite.

Geochemical Studies 

Limited multielement geochemical data are available for Type 2 sulfide manto and 

Type 3 oxide chimney mineralization. Analyses reported by Morin (1981a) and Parry and 

others (1985) are included as Tables 3 and 4. Morin analyzed 12 samples of pyrrhotite- 

arsenopyrite mineralization from a single drillhole in the Peel zone manto. Seventeen trace 

elements were analyzed, however, no information is given regarding the analytical methods 

used or the detection limits for each element. Parry and others (1985) presented the results 

of analytical work for bulk samples collected from the Peel sulfide manto and the Ridge 

oxide chimney. One bulk sample from each deposit was analyzed for 16 major and trace 

elements plus pyrite and pyrrhotite. The analyses were conducted by Lakefield Research, 

Toronto, but no analytical methods were presented.

The Morin (1981a) data (Table 3) show that the Peel zone sulfide manto is highly 

anomalous in Au (up to 6,800 ppb), Cu (up to 1,330 ppm), As (up to 66,000 ppm), Bi 

(up to 320 ppm), Sb (up to 170 ppm) and Te (up to 19.0 ppm). Zn and Cd show weak 

enrichment in the hanging wall (3,060 ppm Zn and 37 ppm Cd). One sample at the foot 

wall of the zone was highly anomalous in T1 (40 ppm) and two samples of sulfide-bearing 

material were weakly anomalous in W (13 and 15 ppm). It is important to note that the 

samples were uniformly low in Ag (< Ippm) and Pb (all < 32 ppm except one of 380 

ppm), in addition to B, Se, Tl, Hg, and Mo.
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Table 4. Trace element geochemistry for a drillhole through the Peel sulfide manto 
(from Morin, 1981a). All values in ppm, except Au and Hg in ppb.

Sample # 
('description)

Au Ag B Mn Cu Zn As Se Tl Pb Bi Sb Te W Hg Mo Cd

68 (hw-lmst) 6 <1 <10 190 29 3060 10 . 24 1.4 0.3 <0.1 1 <10 <2 37
69 (po) tr - <10 180 1320 300 430 - - 20 32 2.8 <0.1 1 <10 <2 3
70 (Imst, po, py) 1700 - < 101890 920 240 3600 - - 16 20 6.2 0 .7 13 <10 4 4
71 ((po) 2100 - <10 720 480 84 4000 - - 20 80 6.0 0 .8 15 <10 4 <1
72 (qtz, po) 9600 - <10 440 460 62 16000 - - 20 320 28.0 4 .4 - <10 4 1
73 (Imst, cal, py) 490 <1 <10 460 7 20 590 - - 16 8.8 3.1 0.3 <1 <10 8 <1
74 (po, py, cal) 6800 - <10 480 940 31 61000 - - 20 120 130 17.0 - <10 4 <1
75 (Imst, po, py) 1700 -< 1 0 2 6 5 0 630 34 34000 - - 16 36 80.0 11.0 - <10 4 <1
76 (po, Imst, py) 4800 - <10 290 1330 45 64000 - - 24 140 53 .0 14.0 - <10 4 <1
77 (cal, Imst, po) tr - <10 23 26 16 150 - - 4 1.4 1.3 <0.1 1 40 4 <1
78 (po, Imst, cal) 5500 - <10 730 130 28 66000 - - 380 110 170 19.0 - 20 4 <1
79 (fw- Imst, cal) 63 1 15 980 12 21 720 - 40 32 7.3 5.5 0 .2 3 <10 4 1

Abbreviations: hw: hanging wall, fw: foot wall, 1mst: limestone, cal: calcite, qtz: quartz, po: pyrrhotite, py: 
pyrite

Table 5. Trace element and major element geochemistry for bulk samples from the 
Peel sulfide manto and the Ridge oxide chimney (from Parry and others, 
1985). All values in %, except Au and Ag in ppm.

Sample Au Ag Cu Pb Zn Ni As Sb Te Hg

Peel sulfide 9.95, 11.0 <2.0 .096 .004 .002 .001 8.82 .009 <.0003 <.0001

Ridge oxide 13.8, 14.0 2.7 0.17 .005 .022 .007 7.17 .013 <.0003 <.0001

Sample S S i02 CaO MgO A1203 C02 Pyrite Pyrhotite

Peel sulfide 25.9 8.86 3.09 1.28 .077 3.94 5.10 31 .0

Ridge oxide 0.18 13.10 5.15 0.25 1.75 2.58 0.11 0.32
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The data of Parry and others (1985) show similar trends (Table 4). Both sulfide 

and oxide bulk samples are enriched in Au (11 and 14 ppm), Cu (0.096 and 0.017 %), As 

(8.82 and 7.17 %), and Sb (0.009 and 0.013 %). It is interesting to note that the oxide 

sample contains slightly anomalous Ni (0.007 %). Ag is very low (2.0 and 2.7 ppm) as is 

Pb (0.004 and 0.005 %). The Au:Ag ratio of is 5.1:1 for the oxide sample and greater 

than 5:1 for the sulfide sample. With respect to the relative concentrations of elements, the 

oxide sample is enriched in Au, Ag, Cu, Zn, Ni, Sb, SiC>2, CaO, and AI2O3, and depleted 

in As, S, MgO, CO2, pyrite, and pyrrhotite relative to the sulfide sample.
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DISCUSSION AND INTERPRETATION

Prior to discussing the ore deposits, it is relevant to address problems of regional 

and local geology, including age relations of sedimentary, metamorphic, and structural 

events, and textural and structural features of the host rocks. As in most mineral deposits 

these factors are critical in understanding the origin of the mineralization. Only the 

stratigraphie relationships of the important Lower Cambrian strata will be discussed here: 

the reader is referred to Chapter 3 for a summary of Upper Cambrian and younger rocks.

Lower Cambrian Carbonate Rocks 

The sulfide and oxide mantos are strongly stratabound on a regional scale. 

Depositional and diagenetic features, zebra rock, dolomitization, position of the sub-Upper 

Cambrian unconformity, and solution features, therefore, are all features that may have 

exerted control on the position of the ore deposits.

Depositional and diagenetic features

The Lower Cambrian carbonate rocks are thought to have been deposited in a 

subtidal, shoaling-upward middle shelf setting, based on sedimentary structures, bedding 

characteristics, and fossil evidence (Read, 1980; Fig. 8).

In terms of bedding character and argillaceous content, limestone of Subunit Id 

becomes progressively more thickly bedded and less argillaceous upward. The 

argillaceous material is dark grey in color and forms flat to wavy laminated interbeds within 

lime mudstone (Fig. 15), or irregular, contorted, wispy layers which have the appearance 

of stylolites (Fig. 14). According to Wilson and Jordan (1983), irregular and wavy
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bedding of this type is typical of shelf sedimentation. The wavy lamination in Subunit Id 

locally approaches true "flaser bedding" which is thought to be caused by differential 

compaction and solution of interbedded argillaceous and micritic layers.

When carried to the extreme, the process of differential compaction can result in an 

irregular, nodular structure which has a stretched or flowing appearance. Relatively pure 

micrite nodules are surrounded by contorted argillaceous layers known as 

"microstylolites", which probably indicate the dissolution of calcium carbonate (Wilson and 

Jordan, 1983, p. 303). Textures of this type are common at the argillite-rich base of 

Subunit Id (Fig. 14) and are termed "stylolitic breccia" by company geologists. As 

outlined in the earlier section on solution features, these stylolites both cut across, and are 

cut by, narrow calcite veins, suggesting that the two features formed contemporaneously 

(Fig. 14). It is likely that the calcite which was dissolved from the rocks by compaction 

was redeposited nearby as calcite veins. The presence of the calcite in discrete veinlets 

suggests that the limestone was at least partly lithified and competent when this 

compaction, dissolution, and deposition took place.

Another group of calcite veins are present in the upper part of Subunit Id. These 

veins often occur in close proximity to sulfide manto mineralization (Figs. 32, 46, 47).

The veins occur on top of, beneath, and peripheral to the sulfide mantos, and locally make 

up as much as 25 % of the rock volume. These veins are commonly folded and contorted, 

suggesting that they formed earlier than at least the latest phase of deformation. Almost 

without exception, the veins are transected by the sulfide manto mineralization, indicating 

that the calcite is older.

The possible origins of the calcite veins are numerous, including dissolution and 

reprecipitation of calcium carbonate by diagenetic or burial compaction, karsting, tectonic
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deformation, contact metamorphism or hydrothermal processes. Without additional 

information it would be speculative to suggest which of these processes is responsible for 

the veining. It is clear, however, that the limestone was at least partially lithified and 

competent prior to fracturing and subsequent calcite precipitation.

Zebra rock

In a few very rare places, "zebra rock" has been encountered in Subunit Id in drill 

holes (Fig. 34). This texture, also known as "zebra spar", is more common in dolomitic 

rocks and is often associated with carbonate-hosted mineral deposits (Lovering and others, 

1978; Horton and De Voto, 1990). Numerous theories have been proposed to explain its 

presence including: 1) spar-filling of open spaces between algal mats (Wilson, 1975);

2) spar-filling of parallel shrinkage cracks caused by dewatering or dessication in a sabkha 

environment (Wilson, 1975); 3) spar-filling of parallel cracks which have formed along 

karst channelways and peripheral to breccia bodies (Lovering and others, 1978; Horton and 

De Voto, 1990); 4) development of "stromatactis structure", formed by sea-floor diagenetic 

lithification (Bathurst, 1982; Landis and Tschauder, 1990); and 5) hydrothermal 

replacement (Lovering and others, 1978). In short, zebra rock is common in many 

carbonate-hosted mineral deposits and its origin is very problematic. Although occurrences 

are known in the Ketza area, they are very rare, and therefore will not discussed farther 

here.

Dolomitization

There is undoubtedly a complex history of dolomitization in the Cambrian carbonate 

rocks. Both structurally and stratigraphically controlled dolomitization have been
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recognized. Unfortunately, due to the effects of metamorphism and hydrothermal 

alteration, the timing and causes of the dolomitization are difficult to ascertain because of 

probable overprinting. Vein and fault-related sucrosic dolomite is present in Subunits Id 

and 2a, and is clearly a hydrothermal feature. In general, sulfide manto mineralization 

occurs in limestone which has been unaffected by dolomitization.

Stratigraphically controlled dolomitization has been documented in a number of 

different settings. Immediately west of the study area, Templeman-Kluit (in press) 

identified several large areas of massively dolomitized Lower Cambrian limestone. The 

dolostone occurs as large, irregularly shaped lenses of massive, coarsely crystalline, and 

sucrosic dolomite. The dolostone may have been formed by many different processes 

including early diagenetic replacement, metamorphism, hydrothermal alteration, or a 

combination of these. It is often nearly impossible to determine which of these possible 

causes was responsible for dolomitization (Wilson, 1975), especially in older rocks like 

these which have a long history of metamorphism, deformation, and mineralization.

If only diagenetic processes are considered , the Dorag model of Badiozamani 

(1973) is probably most likely because of the nearby presence of a landmass, as indicated 

by the presence of greenish terriginous clay in Subunit le. In this model, fresh phreatic 

water mixes with sea water to create a fluid which is undersaturated with respect to calcite 

and supersaturated with respect to dolomite. The resulting fluid would be dolomitizing, 

and with gradual shoaling and emergence, the dolomitizing interface would move through a 

great thickness of sediment (Wilson, 1975). Furthermore, the Dorag model does not 

require the nearby presence of evaporite beds to concentrate Mg-rich brines, which are 

required by both the evaporative reflux and evaporative pumping models (Wilson, 1975). 

Evaporites have not been located in the Ketza River area.
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Within the study area, the matrix of skeletal rudstone/wackestone or ooid 

packstone/grainstone beds in Subunits Id and le may be replaced by dolomite (Figs. 17; 

20). Dolomite also replaces irregular, mottled, subhorizontal patches in limestone which 

have the appearance of burrows (Fig. 16). Read (1980) noted that archeocyathid buildups, 

which occur to the southwest of the study area, also have an orange-weathering dolomitic 

matrix.

The common occurrence of dolomite preferentially replacing the finer-grained 

matrix portions of these rocks suggests that dolomitization must have occurred before the 

complete cementation of the rocks by calcite. In general, if the rocks are thoroughly 

cemented by calcite prior to dolomitization, then the dolomitization produces a more 

thoroughly cemented, sucrosic texture (Wilson, 1975). Therefore, the partial 

dolomitization probably occurred prior to the compaction which resulted in the formation of 

stylolites and calcite veins described above. Again, the Dorag model of dolomitization may 

be responsible for the formation of the dolostone, although metamorphic and hydrothermal 

origins cannot be ruled out.

With respect to mineralization, only a few of the sulfide manto showings (#17, 28 

to 32) occur in rocks with stratigraphically controlled dolomitization. This may be because 

the process of dolomitization actually reduced the permeability of the host limestone 

(instead of increasing permeability which is more common), perhaps due to massive 

recrystallization and overall mass gain. Type 4 quartz-sulfide veins, in contrast, are 

commonly surrounded by a selvage of dolomitized limestone. This occurrence of dolomite 

is clearly hydrothermal.
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Position of suh-Upper Cambrian unconformity

The absence of Middle Cambrian rocks in the Pelly Mountains (Fig. 8) suggests 

that an important unconformity is present beneath Upper Cambrian strata (Templeman- 

Kluit, 1977a; 1977b; Templeman-Kluit and others, 1976; Read, 1980). Unfortunately the 

exact position and nature of this unconformity is not precisely known because no detailed 

paleontological dating has been done. In addition to a break in the sedimentary sequence, a 

period of subaerial exposure may be indicated by any of the following: 1) alteration or 

weathering zone; 2) soil facies; 3) caliche or calcrete facies; 4) surface landforms such as 

troughs and pinnacles etc; 5) speleothems; 6) collapse structures; or 7) dolomitization 

(Esteban and Klappa, 1983). The development of collapse structures, in particular, has 

obvious implications for the control of mineralization in these carbonate rocks.

As outlined in Chapter 3, the sub-Upper Cambrian unconformity probably occurs 

either below or above black pyritic shale of Subunit If. The latter position is apparently 

favored by Templeman-Kluit (in press). He includes the black shale as the upper member 

of the Lower Cambrian sequence; however, no fossil evidence has been presented to 

support this age, and thus it is the author's opinion that the major period of erosion 

probably occurred before the depostion of the black shale. In other words, Subunit If may 

be Upper Cambrian in age. Specific evidence for erosion beneath Subunit If include 1) the 

widely varying thickness, and local absence of the underlying Subunit le (Plate 4; Fig.41), 

and 2) an abrupt change in depositional environments from shallow marine carbonate 

deposition with terrestrial input (Subunit le) to a restricted-circulation, anoxic, basinal 

setting (Subunit If). Unfortunately, features indicative of subaerial exposure have not been 

noted, with the possible exception of dolomitization (described above), which of course
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can also be explained by other processes. The absence of features diagnostic of weathering 

may mean that 1) the unconformity was simply a period of nondeposition; or 2) the 

unconformity has been obscured by later events, such as deformation, metamorphism, 

recrystallization, or mineralization.

Solution features

The importance of karstification in the localization of carbonate-hosted base metal 

deposits has been well-documented (Brown, 1970; Kyle, 1983; Ohle, 1985; De Voto, 

1987); therefore, it is important to investigate the effect of this process on carbonate rocks 

in the study area. As outlined in Chapter 3, karst structures are very rare in the Lower 

Cambrian carbonate rocks in the Ketza River mining district Those structures that have 

been found appear to be postsulfide in age, and occur in areas with current groundwater 

flow.

No unequivocal evidence of presulfide paleokarst development in the Lower 

Cambrian limestones has been found and none is reported in the literature. If 

paleokarstification took place, one would expect to find remnants of features such as 

collapse breccias, cave sediments, speleothem coatings, and cavernous porosity (Estaban 

and Klappa, 1983). It is possible, though unlikely, that these features, if originally 

present, have been completely replaced or overprinted by later mineralization, 

metamorphism, or solution events.

Two features in the rocks may provide partial, though by no means unequivocal, 

evidence for presulfide paleokarsting. Calcite veining and zebra rock textures (described 

above) have been ascribed to karst collapse by other authors (Wilson, 1975; Horton and De 

Voto, 1990), although other processes can also be responsible. These features are
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considered by the author to be very weak evidence for paleokarsting.

Other features indicative of dissolution and local collapse include partially druse- 

filled subvertical channels ("chimneys"), the poorly consolidated heterogeneous breccia in 

the 1,510 m tunnel, and laminated cave(?) muds. The druse-filled chimneys are thought to 

be younger than the sulfide mantos because they contain fragments of sulfide manto 

mineralization (Fig. 33). These structures are partially filled with coarse, drusy calcite, and 

transect the Peel sulfide manto less than 5 m from its boundary with the Peel oxides 

(Plate 6), suggesting that the oxidation was caused by groundwater flow which may have 

been partially controlled by the chimneys. In addition, the contact between sulfide and 

oxide mineralization generally follows a northwest-trending fault (Plates, 3; 4; 6), 

indicating that the oxidizing fluids may also have been channeled along the fault The 

faulted contact area and the chimneys currently produce a high water flow in the 

underground workings, indicating that they are actually controlling some of the modem 

groundwater flow. This suggests that recent (Quaternary?) groundwater may have been 

responsible for producing the druse-filled chimney structures, in addition to oxidizing the 

sulfide bodies. Alternatively, the drusy calcite may simply be filling older (pre or 

postsulfide?) channels. The presence of sulfide fragments in the drusy breccia filling 

indicates that the filling is younger than the sulfide manto mineralization, but how much 

younger is open to speculation.

The 10 m wide heterolithic breccia in the 1,510 m tunnel may also be a late karst 

structure. It occurs along the trace of the NW fault (Plate 3), is hosted by Subunit Id, 

contains angular fragments of Subunits Id and le, and sulfides, and has a poorly 

consolidated matrix of brown mud with coarse calcite cement The presence of sulfide 

fragments indicates that this feature is also younger than the sulfide manto mineralization.
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Its occurrence along the NW fault indicates that it may be a tectonic breccia, although the 

variety of rock fragments, and its large size suggest that some solution activity and collapse 

may have taken place. Dissolution and collapse are farther supported by the brown mud 

matrix, which is almost certainly insoluble residue from the dissolution of the host 

limestone. The age of this structure is not well-constrained, except that it appears to be 

younger than the sulfide manto mineralization.

Unconsolidated deposits of laminated green or brown clay generally occur above 

and within limonite manto ore (Plate 6; Fig. 68). These deposits are similar to laminated 

"cave" sediments in karst caverns elsewhere as in the Pine Point district, N.W.T. (Kyle, 

1983), suggesting that the clay was deposited in an open space by flowing water. The clay 

deposits in the Ketza River mine, however, are spatially associated with limonite ore, and 

therefore appear to be genetically related. Toohey (1986) proposed that modem 

groundwater interacted with the sulfide mantos, oxidizing them in situ. The oxidation of 

the sulfide minerals would have resulted in the acidification of the groundwater, which was 

then more able to dissolve the adjacent limestone host rock, leaving voids and the insoluble 

clay residue.

Economic Geology

Tvpe 1 - Quartz-arsenopyrite veins hosted bv Subunit la

Seven gold-bearing vein occurrences are hosted by Proterozoic(?)-Lower Cambrian 

clastic sedimentary rocks near the junction of the Fury Ridge and Peel faults (#1 to 7,

Plate 2; Appendix). The Type 1 quartz vein mineralization is unusual in that it is very
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gold-rich, and is associated with strong phyllic alteration, reminiscent of alteration 

developed in and near porphyry W-Mo, Cu-Mo, and Cu-Au deposits (Evans, 1980). In 

addition, the veins are spatially associated with homfels, and the phyllic alteration appears 

to have overprinted the homfels. The occurrence of the veins close to the junction of the 

Peel and Fury Ridge faults, and the parallelism of the veins with the trend of the Fury 

Ridge fault suggest an obvious association of the veins with these structures. These faults 

are considered to be the main bounding faults of the Ketza uplift, and may be tangential 

faults related to a mid-Cretaceous intrusion which is inferred to underlie the uplift

The veining and alteration are similar to portions of stockwork and porphyry W- 

Mo-Sn deposits described elsewhere in Yukon (Fig. 77; Sinclair, 1986). These deposits 

are associated with mid-Cretaceous granitoid intrusions of the "Eastern suite". In 

particular, the veins are remarkably similar to the "outer zone" which surrounds the Kalzas 

sheeted vein and stockwork W-Mo-Sn deposit near Mayo, Yukon (Figs. 77, 78; Lynch, 

1989).

The Kalzas mineralization is hosted in the Proterozoic "Grit Unit", which is 

equivalent to Subunit la at Ketza. The Kalzas stockwork and sheeted veins are 

concentrically zoned outward from an inferred buried mid-Cretaceous intrusion, which is 

indicated by a biotite-pyrrhotite homfels aureole (Fig. 78), which is also similar to Ketza. 

In the core of the system, the veins are composed of orthoclase, quartz, tourmaline, and 

wolframite with minor apatite, molybdenite, bismuthinite, pyrite, pyrrhotite, galena, 

chalcopyrite, and rutile. The wallrocks in this zone are strongly tourmalinized and 

sericitized. In the middle zone the veins consist of quartz, muscovite, tourmaline and 

scheelite, with minor cassiterite and beryl. Finally, in the outer zone, the rocks exhibit 

pervasive phyllic alteration, and are cut by quartz veins containing minor galena and
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arsenopyrite (Lynch, 1989). The outer veins are barren of W-Mo-Sn mineralization 

(Lynch, 1989) but it is not known if they were assayed for gold.

The quartz-arsenopyrite veins are hydrothermal deposits interpreted to have formed 

above a buried mid-Cretaceous intrusion. The composition of this intrusion is not known, 

although it may be similar to other mid-Cretaceous intrusions to the south, which are quartz 

biotite monzonite. The veins are associated with a zone of pervasive phyllic alteration 

which appears to overprint an older homfels to the west. Similarities with the "outer zone" 

which surrounds the Kalzas W-Mo-Sn deposit suggests that the same type of stockwork 

W-Mo-Sn mineralization may be present at depth beneath the Ketza veins.

Tvpe 2 - Sulfide-siderite mantos. chimnevs. and veins hosted bv Subunit Id

Sulfide or siderite-dominant manto, chimney, and vein deposits in the western part 

of the Ketza River mining district are stratabound in limestone of Subunit Id (Lower 

Cambrian). On a district-wide scale, the most important controls on the position of these 

deposits are stratigraphie position, east-northeast and northwest faults and thrust faults 

(Fig. 79).

In terms of the stratigraphie control. Subunit Id becomes less argillaceous, more 

bioturbated, and thicker bedded upward. Perhaps most importantly, the upper ore-hosting 

portion of the unit contains an abundance of "cleaner" high-energy deposits such as 

rudstone, floatstone, and grainstone beds. These features indicate that the original 

permeability of the unit was probably highest at the top. Furthermore, these clean 

limestone beds are capped by impermeable argillite and black shale, which may have acted 

as a cap to upward-mi gratin g fluids.

On a more local scale, sulfide deposits are associated with high-angle faults which
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trend east-northeast and northwest. Sulfide bodies appear to be associated with thrust 

faults in numerous unnamed showings south of Cache Creek (#28 to 32; Plate 2) and in 

underground exposures of the Peel zone (Fig. 28, Plate 6). The high-angle faults and 

thrust faults, therefore, appear to have acted as conduits for the sulfide-bearing solutions. 

Although difficult to prove, thrust faults may also be responsible for controlling the larger 

sulfide mantos. The thrust surface could have acted as a channelway for hydrothermal 

solutions, which replaced the adjacent limestone, and removed evidence of the thrust fault

Paragenesis. Interpretive paragenetic relationships for the Peel sulfide manto are 

shown on Figure 80. Four main stages are shown: 1) early calcite; 2) main sulfide; 3) late 

quartz-sulfide; and 4) bird's-eye pyrite-marcasite. It is important to note that the sulfide 

minerals display no texures which might indicate sedimentary or open space precipitation, 

such as fine laminations, rhythmic crustification, colloform banding, or comb structures .

Stage 1 calcite veins are the oldest features, and occur at the top of Subunit Id 

(Figs. 29, 32, 46, 47). Calcite veins also occur deeper in Subunit Id where they locally 

transect and are transected by stylolites (Fig. 14). As discussed above, these mutually 

crosscutting relationships suggest that the calcite veins and stylolites may have formed 

contemporaneously, probably due to diagenetic compaction and dissolution. The calcite 

veins at the top of Subunit Id are invariably transected by the sulfide mineralization, 

indicating that the calcite is older. Whether or not the calcite veins formed during 

diagenesis or compaction is difficult to determine.

Stage 2, the main sulfide stage, transects the calcite veins wherever the two occur 

together (Figs. 46, 47, Plate 6). The sulfide stage includes two subdivisions; an early 

arsenopyrite substage, and a later pyrrhotite substage. Arsenopyrite, pyrite, and quartz of
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Stage 2a are generally subhedral or euhedral and are cataclastically deformed. Arsenopyrite 

locally has a sieve texture (Fig. 55) with inclusions of carbonate. This texture suggests 

unobstructed, rapid growth of arsenopyrite which engulfed the early formed carbonate 

minerals, perhaps due to original crystallization (Craig and Vaughan, 1981) or 

metamorphic recrystallization. Rare fine-grained inclusions of gold in arsenopyrite 

(Fig 60) indicate that gold may have been deposited at this time also.

Pyrrhotite, the most common sulfide mineral in the deposit, is mainly part of 

Stage 2b. It is commonly strain-twinned, gneissic, and sutured (Figs. 48, 57) indicating 

that deformation has occurred. The pyrrhotite is locally annealed with 120° interfacial 

angles (Fig. 49). Fractures in Stage 2a arsenopyrite and pyrite are filled by pyrrhotite, 

chalcopyrite, gold, bismuth, bismuthinite, galena, quartz, calcite, and iron carbonate 

minerals of Stage 2b (Figs. 50, 52, 54, 60, 61, 62). In some of these fractures, pyrrhotite 

and arsenopyrite have mutually interpenetrating boundaries, indicating the partial 

replacement of arsenopyrite by pyrrhotite (Fig. 50). Pyrrhotite is also locally found 

rimming arsenopyrite euhedra (Fig. 51).

Stage 3 is volumetrically unimportant but includes fine-grained euhedral pyrite, 

drusy arsenopyrite, and quartz which fill fractures and voids in main sulfide stage minerals, 

including pyrrhotite (Figs. 56, 58). Quartz and chalcopyrite fill the same fractures and 

locally appear to brecciate the arsenopyrite, suggesting that they may be slightly younger.

Bird's-eye pyrite-marcasite (Stage 4) is also volumetrically unimportant and appears 

to be caused by late supergene oxidation. The pyrite-marcasite replaces pyrrhotite and 

occurs adjacent to fractures and Stage 3 veins (Figs. 56, 59).

Finally, not shown on Figure 80 are volumetrically insignificant sulfide fragments 

which occur in late calcite-matrix vein and solution breccias (Fig. 33) or in the heterolithic
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mud-matrix breccia in the 1,510 m tunnel. As described in above, it is clear that these 

features are younger than the manto mineralization since they contain fragments of the 

latter. The age of the galena-sphalerite-sulfosalt vein mineralization encountered in 

drillholes 85-83 and 85-84 is not known since crosscutting relationships are not available.

Metamorphic effects. It is well-known that sulfide-bearing mineral deposits are 

particularly prone to postdepositional metamorphic changes because of the easily deformed 

properties of the minerals (Stanton, 1964; Yokes, 1969; Clark and Kelly, 1973). Thermal 

and dynamic metamorphism may result in grain-twinning, recrystallization, development of 

gneissic or schistose textures, destruction of colloform banding or sedimentary layering, 

and mineralogical changes (Craig and Vaughan, 1981). Most importantly, these changes 

will obscure or obliterate the original paragenetic relationships between the various ore 

minerals. Furthermore, portions of the deposits can be easily remobilized into epigenetic 

cusps, veins, and piercement structures which reflect solid-state plastic flow and possible 

local fluid-state mobilization (Maiden and others, 1986). Consequently, genetic 

interpretations based on textural evidence and paragenetic relationships can be very 

misleading.

In terms of mineralogical changes, thermal metamorphism often results in the 

removal of sulfur from the ores. This commonly results in the replacement of pyrite by 

pyrrhotite, and eventual replacement of both pyrite and pyrrhotite by magnetite at higher 

metamorphic grades (Evans, 1980).

Evidence of postdepositional dynamic metamorphism is abundant in the sulfide 

manto deposits. These bodies are composed of nearly massive pyrrhotite which, on a 

microscopic-scale, is strongly strained, twinned, and gneissic (Figs. 48, 57) denoting
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plastic flow due to deformation. Locally, the pyrrhotite has a very coarse, hypidiomorphic 

granular texture with 120° triple junctions (Fig. 49), indicating that complete 

recrystallization has taken place. Arsenopyrite euhedra are commonly fractured and 

invaded by softer sulfide minerals (Figs. 50, 53, 54, 60 to 62). This fracturing is probably 

due to postmineral deformation. Subhedral or rounded pyrite masses up to 5 cm in 

diameter float in the pyrrhotite, and have the appearance of porphyroblasts (Figs. 45, 57). 

These are similar to the "rolled" pyrite from Sulitjelma, Norway which have been rounded 

and brecciated through deformation and milling in the matrix pyrrhotite (Yokes, 1969).

Not surprisingly, the paragenetic sequence for the "main sulfide stage" described 

above (Fig. 80), is essentially equivalent to the expected "crystalloblastic series" for these 

minerals. In general, minerals with higher forces of crystallization, such as arsenopyrite 

and pyrite, tend to form euhedral crystals, while softer minerals tend to form anhedral 

intergranular growths and fracture-fillings within and between the euhedral grains (Stanton, 

1964). The latter group includes pyrrhotite, chalcopyrite, galena, gold, bismuth, and 

bismuthinite, which are found in paragenetically late sites in the sulfide bodies.

The fact that gold and bismuth are found with arsenopyrite and not pyrite, suggests 

that these elements may have been originally deposited with arsenopyrite, and may have 

been exolved later due to metamorphism.

Late quartz, pyrite, and fine-grained arsenopyrite of Stage 3 are apparently 

undeformed (Fig. 58) or only weakly deformed (Fig. 56), and appear to have been 

deposited after the main deformation event. Gold and bismuth are apparently not 

associated with this stage.

Temporal relationships between ore and host rocks. With the evidence of 

dynamic metamorphism in mind, it is now relevant to discuss temporal relationships
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between the ore and wallrocks. Interfaces between ore and the host limestone are 

commonly sharp (Figs. 36 to 38, 40, 44, 46, 47), although thin selvages of pale green 

alteration are locally developed in the limestone wallrock (Fig. 64). This alteration is 

mainly composed of quartz and carbonate minerals (calcite, dolomite, siderite, and ferroan 

dolomite-ankerite) with minor muscovite indicating that silica, magnesium, and iron were 

introduced into the limestone during the process of sulfide mineralization. Muscovite may 

have formed by alteration of insoluble clays in the limestone.

The sulfide bodies appear to transect the calcite veins (Figs. 46, 47). This 

crosscutting relationship may be interpreted in two ways: 1) the sulfides are younger than 

the calcite-veined limestone; or 2) deformation and the competency contrast between 

sulfides and limestone has resulted in an apparent crosscutting relationship. The latter 

possibility is considered to be unlikely because limestone fragments within the sulfides are 

not appreciably deformed or rotated. Although microscopic evidence for plastic flow of 

pyrrhotite is abundant, evidence that this process has happened on a large-scale is lacking. 

In fact, the opposite is true; wallrock fragments which occur in the sulfides are generally 

not rotated, and in some cases calcite veins can be traced between adjacent unrotated 

limestone fragments (Fig. 47). In addition, flow textures, such as rounded and milled 

wallrock fragments ("durchbewegung" of Yokes, 1969) and flow banding are lacking.

Other evidence for epigenetic emplacement of the sulfides includes sulfide veins 

which fill fractures in the limestone both within and on the peripheries of the mantos (Figs. 

42, 47, 64). Within the massive sulfide mineralization, subangular to subrounded, 

undeformed, sulfide-veined fragments of limestone float in the sulfides (Fig. 44). This 

texture is named "poddy sulfides", and the limestone fragments are interpreted to be 

remnant, unreplaced fragments which have been engulfed by sulfides.
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In some places, cusp-shaped bodies of sulfides invade limestone (Figs. 36 to 38, 

46). Maiden and others (1986) have shown that cusp and piercement structures may be 

present on the margins of deformed, syngenenc exhalative deposits, and result from 

competency contrasts between ore and wallrock (Fig. 81). On the other hand, these kinds 

of structures could also develop by direct replacement of limestone along fractures and 

joints. The authors also note that "metamorphically generated fluid concentrates in the low- 

pressure zones (cusp and vein extremities)...producing quartz veins extending out from the 

cusps and local enrichment in minor metals such as copper and silver". This may help to 

explain why mantos and sulfide veins at Ketza locally change along strike to sulfide- 

bearing quartz veins (Peel zone, Plate 6; Bluff, Thrust, Oxo showings; see Appendix).

Although there is some evidence for local metamorphic remobilization into veins, it 

is this author's opinion that the large-scale crosscutting relationships between sulfides and 

limestone are primarily the result of epigenetic replacement of limestone by sulfides.

Evidence for epigenesis includes: 1) sulfides transect the calcite veins; 2) wallrock 

adjacent to the sulfides is locally altered; and 3) wallrock fragments within the sulfides are 

not appreciably deformed or rotated. Despite microscopic evidence for deformation of the 

sulfide minerals, this process does not appear to have obscured the original ore-wallrock 

relationships.

Geochemistry. Mineralogical and geochemical work has shown that the gold- 

bearing sulfide bodies are primarily composed of Fe, As, and Cu sulfide minerals, and 

contain elevated levels of Bi, Sb, Te, and negligible Ag, Pb, Zn, Cd, Hg, Mo, and Ni.

This geochemical association of Au-Fe-As-Cu-Bi-Sb-Te with anomalously low values of 

Pb-Zn is typical of the retrograde stage of Au skam deposits (Meinert, 1989). In
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Figure 81. Development of cusps and veins of sulfide minerals in a) ductile wallrock, 
and b) brittle wallrock, due to deformation (from Maiden and others, 1986).
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particular, with the exception of Ag and As, the geochemical values are nearly identical to 

those reported for the Copper Canyon district, Nevada by Theodore and Nash (1973). 

Skam ore in the West orebodies at Copper Canyon contains anomalous quantities of Au, 

Ag, Cu, Bi, Hg, and Co, and low values of Pb, Zn, and Mo. Studies of the nearby 

Fortitude deposit indicate that it is also enriched in As, in addition to the other elements 

(Wotruba and others, 1986). The Au skam orebodies at Hedley, British Columbia are 

highly enriched in As, Bi, Co, Te, and Ni, and weakly anomalous in Zn and Cu (Meinert, 

1989). Finally, Au is associated with Fe, As, Cu, Bi, Mo, W, Zn, Ag, and Te minerals at 

the Mam skam deposits in the Tombstone Mountains, Yukon (Brown and Nesbitt, 1987). 

It is important to note that these Au-Cu skam orebodies occur in nearly identical 

stratigraphie settings to the Ketza mantos; that is, predominantly siliciclastic sequences with 

locally well-developed ore-hosting carbonate beds.

Gold is often associated with many of these elements in other types of stratabound 

deposits. Up to 6.7 ppm Au has been reported from modem, submarine, volcanogenic 

massive sulfide (VMS) deposits by Hannington and Scott (1989). In these deposits Au is 

associated with very high levels of Zn (0.14 to 30.9 %), Pb (.0.1 to 0.59 %), Cu (0.09 to 

25.0 %), Ag (up to 400 ppm), As (up to 640 ppm), Sb (up to 500 ppm), T1 (up to 

98 ppm), Hg (up to 21 ppm), and Mo (up to 350 ppm). The important difference 

between the VMS deposits and Au skam deposits is that the VMS deposits have much 

higher Pb and Zn, lower As, and negligible Bi and Te contents.

Carbonate mineral compositions. Analyses of carbonate minerals by SEM- 

EDS has shown that the gold-poor siderite-sulfide mantos contain siderite (FeCOg) which

is high in Mg and Mn (up to 9.1 and 10.5 mol % respectively; Table 3; Fig. 75). With the
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exception of calcite, carbonate minerals are not as common in the gold-rich mantos, 

however, the compositions of these carbonate minerals are much more variable. In 

addition to ubiquitous calcite (which may be remnant calcite vein material), the mantos 

contain dolomite, ferroan dolomite-ankerite, and siderite (Table 3; Figs, 75,76). The Mn 

content of these carbonate grains is low, ranging from nil to 3.1 mol %.

The difference in the composition of the carbonate minerals between the gold-poor 

and gold-rich mantos is puzzling. If the gold-poor and gold-rich mantos formed from a 

single solution which emanated from the Ketza uplift, then perhaps the solution became 

relatively enriched in Mn and depleted in Ca as it moved outward and cooled.

Alternatively, if a syngenetic hypothesis is considered, the outward change in carbonate 

composition may represent a primary carbonate facies change.

The change in carbonate composition may be related to the fact that iron occurs 

dominantly in sulfide minerals in the gold-rich mantos, but in both siderite and sulfides in 

the gold-poor mantos. The outward increase in the proportion of iron carbonate to iron 

sulfide may indicate that the mineralizing solutions were originally highly reduced, and 

became increasingly oxidized as they moved outward from the Ketza uplift. It is interesting 

to note that magnetite is present in only one occurrence (#21), which is coincidentally one 

of the furthest showings from the uplift (Plate 2).

Genesis. Although it was shown above that the mineralization has been affected 

by late deformation, it is nevertheless important to attempt to see through the obscuring 

effects of later events to detemine how and when the mineralization formed. There are 

three possible hypotheses for the formation of the sulfide-siderite manto, chimney, and 

vein deposits: 1) direct metasomatic replacement of permeable limestone beds along thrust
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faults and high-angle faults by sulfide minerals; 2) epigenetic "filling" of a preexisting 

paleokarst channel network by sulfide minerals; and 3) a syngenetic-exhalative model in 

which the sulfide minerals were deposited at the same time, or soon after the deposition of 

the host limestone. Any hypothesis of the genesis of the deposits must take into account 

the following characteristics of the deposits:

1) late deformation and local remobilization into epigenetic veins,

2) stratigraphie control at the top of the limestone, beneath impermeable shales and 

an important unconformity,

3) thickening and elongation of sulfide bodies along NW and ENE high-angle 

faults, and local filling of thrust faults,

4) spatial association of gold-rich mantos and veins with the Peel fault and homfels,

5) spatial association with an inferred mid-Cretaceous intrusion,

6) massive, structureless character of the ores including lack of fine laminations, 

and crustiform banding,

7) lack of evidence for a preexisting paleokarst channel network or breccias,

8) Au-Fe-As-Cu-Bi-Sb-Te geochemical association with low Ag-Pb-Zn values,

9) differences in Fe sulfide/Fe carbonate ratio between gold-rich and gold-poor 

deposits, and

10) differences in composition of carbonate minerals between gold-rich and gold- 

poor deposits.

Epigenetic replacement hypothesis. It has been shown above that the sulfide 

manto mineralization transects calcite veins, indicating that the sulfides were deposited 

later. The age of the calcite veins is not constrained; however, the rocks must have been
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lithified and competent to permit fracturing on such a scale. Both the calcite veins and 

sulfide bodies have been affected by a later stage of deformation; however, the original, 

consistent, crosscutting relationship is still evident.

The common occurrence of thick vein sulfide zones both within and adjacent to the 

sulfide bodies is good evidence for replacement of limestone by sulfides along fractures 

and faults. These textures suggest that metasomatic replacement was a gradual process 

which began with replacement along small fractures, and culminated in wholesale 

replacement of limestone by massive homogeneous sulfides. A few fragments of limestone 

remain and appear to be floating in the sulfides.

The sulfide bodies occur at the top of a thick, Lower Cambrian limestone unit 

(Subunit Id), which becomes less argillaceous, higher energy ("cleaner"), and 

consequently more permeable and competent upwards. These changes are indicated by an 

upward increase in the abundance of course-grained rudstone, grainstone, and wackestone 

beds, and a decrease in the proportion of argillaceous material (Read, 1980).

Hydrothermal solutions appear to have been confined within these permeable beds, beneath 

the overlying, relatively impermeable shale units (Subunits le and If).

The gold-rich sulfide bodies, in particular Fred's Vein and the Peel and Bluff 

zones, are spatially associated with the Peel Fault, and the homfels developed in argillite of 

Subunit la (Plate 2). In fact, Fred's Vein occurs in a fault which is parallel to, and just 

north of the Peel Fault, and which cuts across the homfels. As discussed above, both the 

Peel Fault and the homfels are interpreted to have formed by intrusion of a mid-Cretaceous 

(101+4 Ma), steep-walled intrusion. The close spatial association of the gold-rich sulfide 

bodies and these features suggest a genetic link between the ore and the pluton. The fact 

that the Fred's Vein transects the homfels suggests that the mineralization may be slightly
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younger than the homfels. Therefore, the mineralizing event may have been a waning 

phase of the intrusive event.

The geochemical association of Au-Fe-As-Cu-Bi-Sb-Te with low Pb-Zn values is 

an additional piece of evidence for metasomatic replacement of limestone. As outlined 

above, this suite of metals is typical of "gold skam" deposits as defined by Meinert (1989). 

The obvious difference between gold skam deposits and the Ketza mantos is the absence of 

calc-silicate minerals at Ketza (although homfels is present adjacent to the mantos). In gold 

skam deposits, high gold values generally occur with the sulfide-rich, calc-silicate-poor ' 

"retrograde skam" stage which overprints an earlier-formed calc-silicate skam stage 

(Meinert, 1989). In some districts such as Copper Canyon, the gold-rich deposits occur at 

a great distance from the causal intrusion, near the limit of skamification of the carbonate 

rocks. It may be that the early skarn stage is missing at Ketza, perhaps because 1) the 

deposits occur further from the intrusive source, or 2) the mineralizing hydrothermal 

solutions were cooler.

Although they are very rare, gold-rich pyritic "replacement" deposits similar to the 

Ketza River mantos have been reported from a few diverse locations. These include the 

Buckeye Gulch deposits near Leadville, Colorado (Pohl and Beaty, 1990), the Black Cloud 

#3 orebody at Leadville, Colorado (Gray and Titley, 1990), and the Cariboo gold district 

near Wells, British Columbia (Alldrick, 1983). In all cases, the mineralization occurs as 

massive pyrite with lesser galena, sphalerite, pyrrhotite, arsenopyrite, sulfosalts, and 

bismuth and telluride minerals. Skamification of carbonate host rocks is not developed, 

although in both of the Colorado examples there are nearby intrusive rocks.

In addition to Au skam and replacement deposits, the sulfide-siderite bodies in the 

Ketza River district share some similarities with highly reduced W skam deposits at
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Canning and Mactung, Northwest Territories (Dick, 1979) and the Sn replacement deposits 

at Renison Bell, Tasmania (Patterson and others, 1981; Patterson, 1982, Hutchinson, 

1982). In all of these deposits, the main sulfide mineral is pyrrhotite with lesser but 

variable amounts of pyrite, chalcopyrite, cassiterite, molybdenite, arsenopyrite and 

sphalerite. At Renison Bell, the sulfide bodies are surrounded by envelopes of magnesian 

siderite with minor pyrrhotite, which is reminiscent of the siderite-pyrrhotite bodies at 

Ketza.

It is proposed here that the sulfide-siderite deposits were formed by direct 

metasomatic replacement of permeable limestone beds along high-angle faults, thrust faults, 

and fractures, by hot, acidic, highly reduced, sulfide-bearing solutions. These solutions 

dissolved the limestone host rock and deposited a sulfide assemblage nearly identical to the 

retrograde stage of gold skam deposits (Meinert, 1989). The solutions may have been 

derived from a mid-Cretaceous intrusion which is inferred to be present less than 1 km 

north of the Peel sulfide manto. The solutions probably ascended along high-angle faults, 

that may have formed in response to intrusion, and then moved laterally in the permeable 

limestone beds, beneath an impermeable capping of green argillite (Subunit le) and black 

shale (Subunit If). As the solutions moved away from the intrusive source, they cooled 

and became oxidized through reaction with carbonate rocks, depositing mainly sulfide 

minerals and gold close to the source, and siderite with lesser sulfides farther out. Late 

dynamic metamorphism caused minor, microscopic-scale shearing and local annealing, but 

does not appear to have obscured the original ore-wallrock relationships. The replacement 

theory is supported by 1) the stratigraphie control by "clean" limestones beneath a shale 

capping; 2) association of the ore bodies with high-angle faults; 3) spatial association of 

mineralization with homfels dated at 101 ± 4 Ma (mid-Cretaceous); 4) massive
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homogeneous character of mineralization; 5) consistent relationship of sulfides transecting 

an earlier-formed system of calcite veins; and 6) the geochemical association of Au-Fe-As- 

Cu-Bi-Sb-Te.

Karst-filling hypothesis. The occurrence of the Lower Cambrian limestone 

beneath an important sub-Upper Cambrian unconformity is an ideal setting for development 

of a karst channel network and associated collapse breccias.

With respect to the overall stratigraphie position, the manto deposits share many 

characteristics with Mississippi Valley-type Pb-Zn deposits (Brown, 1970; Kyle, 1983). 

These include: 1) presence of nearby carbonate buildups (reefs) and secondary dolomite;

2) occurrence of mineralization in the lowest, thick, "clean" carbonate unit above 

siliciclastic or crystalline basement; and 3) presence of an overlying unconformity and 

"capping" of impermeable shales (Subunits le and If). Absent at Ketza is good evidence 

for paleokarst channels and breccia deposits which are ubiquitous in the Mississippi Valley- 

type deposits (Zuffardi, 1976; Kyle, 1983). In the Mackenzie Mountains to the east, rocks 

of approximately the same age host Mississippi Valley-type Pb-Zn deposits (Gabrielse, 

1969; McLaren and Godwin, 1979) and Skam W and base metal deposits (Dick, 1979).

Although there is evidence for very limited late solution activity (see above), 

evidence for a large-scale presulfide karst network is extremely weak. Zebra rock and 

calcite veining are locally developed, but these features are not restricted to karst 

environments. Furthermore, open-space and breccia textures, which are common in karst- 

hosted mineral deposits, are nearly completely lacking; those that are present contain sulfide 

fragments and are therefore younger. It is possible, though highly unlikely, that 

mineralization, metamorphism, and deformation could have completely obscured all
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evidence of these features.

Syngenetic exhalative hypothesis. The sulfide-siderite bodies have some 

characteristic in common with syngenetic exhalative deposits. These include the regional 

stratigraphie control on the deposits, and the apparent zoning outward to manganiferous 

siderite deposits. It is the author's opinion, however, that a syngenetic exhalative model 

for sulfide deposition is unlikely because: 1) the sulfides transect an older calcite vein 

network; 2) there is a complete lack of sulfide lamination and similar textures common to 

exhalative deposits; and 3) the deposits have a metal suite which is quite different from 

known syngenetic exhalative deposits.

Although the mineralization has a strong stratigraphie control, consistent 

crosscutting relationships suggest that the sulfide minerals were introduced into the 

limestone after an earlier stage of calcite veining, as outlined above. It is possible that these 

crosscutting relationships could have been caused by deformation and competency contrast, 

however, the consistency of the relationship argues against this scenario. If competency 

contrast were responsible, then some mutually crosscutting examples might be expected. 

Although there is excellent microscopic evidence for later dynamic metamorphism of the 

sulfides, the lack of flow banding and "milled" and deformed wallrock fragments within 

the sulfides suggests that deformation was not sufficient to mobilize sulfides into the 

consistent epigenetic textures which are now displayed.

The homogeneous, nonlaminated character of the massive sulfide manto 

mineralization is an additional piece of evidence against a syngenetic exhalative origin.

Fine laminations or banding of sulfide minerals and host sediments are common in 

syngenetic exhalative deposits, and are considered to indicate direct deposition of sulfide-
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rich sediments on the seafloor (Craig and Vaughan, 1981). Some exhalative deposits, 

however, do not exhibit good banding; for example the pyrrhotitic western part of the 

Sullivan deposit in British Columbia (Hamilton and others, 1982). This deposit consists of 

"massive to poorly bedded sulfide with subordinant interbedded sediment" ... "although 

close examination of the pyrrhotite reveals internal layering which is generally parallel to 

the sedimentary layering in the enclosing rocks". Even deposits that have undergone 

intense thermal or dynamic metamoiphism generally retain some vestiges of this banding 

(i.e. Broken Hill, Australia; Maiden and others, 1986). It is, however, possible that early 

diagenetic replacement of massive, bioturbated, seafloor carbonate sediments by exhalative 

solutions would produce massive sulfide bodies similar to the Ketza mantos.

Finally, the mineral assemblage and geochemical association of the Ketza River 

sulfide mantos are unlike any known syngenetic exhalative mineral deposits. The 

association of gold with very high contents of As, Bi, and Te and the coincident low values 

of Pb, Zn, and Ag do not fit with carbonate-hosted Pb-Zn-Ba, sedex Pb-Zn, VMS Cu-Zn- 

Pb-Au-Ag, or exhalative gold deposits. Although high gold values have been well- 

documented in the exhalative deposits they almost always occur with ore grade 

concentrations of Cu in volcanic rocks (Hutchinson and Burlington, 1982; Large and 

others, 1989; Hannington and Scott, 1989).

Tvpe 3 - Gold-bearing iron oxide mantos and chimnevs

Highly auriferous iron oxide mineralization occurs in fault-controlled, pipe-shaped, 

subvertical chimneys and a flat-lying manto deposit (Occurrences #8 to 10; Plate 2; 

Appendix). The gold-bearing iron oxide deposits occur directly adjacent to the sulfide 

deposits and clearly formed by supergene oxidation of the latter. In the Peel zone, the
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sulfide minerals were probably oxidized in situ by recent (Quaternary?) groundwater flow, 

which was channeled primarily by northwest-trending high-angle faults. The Ridge oxide 

chimney contains a higher proportion of quartz, clay, and rock fragments and is located at 

the junction of the Peel and Junction faults. This chimney deposit also appears to have 

been formed by in situ supergene oxidation, probably due to downward-percolating 

oxidizing groundwater (Fig. 79). Local remobilization of oxide minerals and gold cannot 

be ruled out, however, since supergene remobilization processes have been well- 

documented (Webster and Mann, 1984).

The oxidation of the sulfide deposits would have resulted in a volume reduction due 

to the removal of sulfur, carbonate, and other easily dissolved components. Toohey 

(1986) recognized that the interaction of groundwater with sulfide minerals would have 

resulted in acidification of the groundwater. The acidic groundwater was then more able to 

dissolve the adjacent limestone host rock, resulting in local subsidence, and collapse, and 

resulted in large blocks of limestone being included in the oxide ore. In addition, intense 

jointing was locally developed in the limestone hanging wall of the oxide manto. The 

laminated clay deposits probably represent insoluble material left after the dissolution of 

limestone.

Tvpe 4 - Gold -poor quartz-sulfide veins

Gold-poor quartz-calcite veins containing minor sulfides occur in limestone of 

Subunit Id in the western part of the district (Occurrences #39 to 48; Plate 2; Appendix). A 

few of the veins are hosted by argillaceous limestone of Subunits 1c and 2a. The age and 

origin of these veins is uncertain. They occur in generally the same area and host rocks as 

Type 2 sulfide-siderite manto deposits, but have a much lower proportion of sulfides and
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very little gold. In addition, they are associated with dolomitization, while the mantos are 

not.

In terms of mineralogy and attitude, these veins are quite similar to the quartz-rich 

veins that project away from the sulfide-rich deposits. For example, quartz-sulfide veins 

are known to extend from the Oxo, Bluff, and Thrust vein sulfide deposits, in addition to 

the Peel sulfide manto (see Plate 6). It seems plausible that Type 4 quartz-sulfide veins are 

the same age as the sulfide mantos, and perhaps represent the silica-rich fluid remaining 

after the sulfide minerals were deposited. Alternatively, these veins may have been 

deposited from fluids produced by metamorphic devolatilization of the sulfide manto 

deposits, a process described by Maiden and others (1986). In either case, the close spatial 

association of these deposits with the sulfide manto deposits suggests a common origin and 

metal source.

Tvpe 5 - Silver - bearing galena-siderite veins

At least thirty showings of silver-bearing galena-siderite vein mineralization occur 

in the eastern part of the district (Occurrences #49 to 79; Plate 2; Appendix). For the most 

part, these deposits are vein occurrences hosted by north-trending fault structures; 

however, stratabound occurrences are also known. The Type 5 deposits are mainly 

epigenetic fissure veins of hydrothermal origin. Late reactivation of the fault structures has 

obscured the original vein textures and paragenetic relationships, but it is nevertheless 

apparent that the sulfides were deposited within the fault structures, and that very little 

replacement of wallrock took place. The veins are clearly younger than the major thrusting 

event (bracketed between Late Triassic and Late Cretaceous), since they occur both above 

and below the Seagull-Porcupine-Pass Peak Thrust fault (Plate 2).
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Pb isotope studies of Ketza galena veins and 72 other base metal occuirences in the 

northern cordillera suggest that the Ketza veins may be mid-Cretaceous in age (Godwin and 

others, 1982). The Ketza veins fall into a well-defined Ag-rich epigenetic group with 

highly radiogenic leads and a clearly defined secondary isochron (Fig. 74). The highly 

radiogenic leads probably formed from preferential leaching of lead from uranium-rich 

crustal rocks (Godwin and others, 1982). A Hudsonian (1,710 Ma) source for the lead 

and other metals was calculated. In short, based on Pb isotope data, the epigenetic deposits 

were interpreted to have been deposited "from hydrothermal solutions mobilized by, and 

possibly contributed to by Cretaceous intrusions". This interpretation fits well with the 

inferred presence of a 101 Ma intrusion in the western part of the district.

The galena-siderite veins of Type 5 are similar to veins in numerous "silver camps" 

in the cordillera, most notable of which are the Keno Hill district, Yukon (Boyle, 1965), 

and the Couer d'Alene district, Idaho (Fryklund, 1964). In many of these districts, galena, 

sphalerite, other sulfide minerals, and sulfosalts, occur in a gangue of siderite, ankerite, 

calcite, and quartz. The veins cut thick sedimentary sequences and are often associated 

with felsic intrusions.

Although the bulk of these galena-siderite showings are clearly epigenetic, there are 

some that are stratabound and which may be syngenetic exhalative in origin. In particular, 

the disseminated galena mineralization in black shale of Subunit 2b (Occurrences #62, 68) 

has similarities with shale-hosted Pb-Zn deposits in the Selwyn Basin to the northeast 

(Abbott and others, 1986). In addition, volcanogenic exhalative Pb-Zn-Ag-Ba 

mineralization has been documented in Devono-Mississippian rocks in the Pelly Mountains 

to the west of the study area (Morin, 1977; 1981b; Mortensen, 1982). Clearly this type of 

mineralization may be present within the the study area, and metal-rich black shales similar



T-3734 158

to Subunits 2b, and 4a may be the source for Pb and Ag in the Type 5 veins.

District-scale mineral and metal zoning

It is clear from the foregoing discussions that metals and deposit types in the Ketza 

River mining district are not distributed in a random pattern (Plate 2). Hypogene 

mineralization appears to be both spatially and strati graphically zoned. This suggests that 

mineralization may have been caused by either a large, spatially zoned hydrothermal 

system, or else multiple, unrelated hydrothermal events.

Timing. It has been impossible to determine temporal relationships between the 

various deposit types in the district, mainly because they are widely separated and occur in 

different rock types. In almost all cases, however, it is possible to say that the mineral 

occurrence are unaffected by the major period of thrusting and folding in the Pelly 

Mountains, which occurred sometime between Late Triassic and Late Cretaceous times 

(Templeman-Kluit, 1979). In particular, the galena-siderite veins (Type 5) have consistent 

attitudes throughout the district, and occur both above and below the Seagull-Porcupine- 

Pass Peak thrust fault (Plate 2). Similarly, the sulfide-siderite mantos and veins (Type 2) 

are often found filling the thrust faults, suggesting that they are younger than the thrusts. 

The relationship of the quartz-arsenopyrite veins (Type 1) to the thrusting and folding event 

is not known.

In addition, many of the occurrences in the district appear to have been affected by a 

later, poorly defined stage of deformation, which is indicated by microscopic deformation 

textures of ore minerals in many of the occurrences. This event apparently caused 

reactivation of the older mineralized fault structures. The late deformation event may be
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related to offset of the Tintina transcurrent fault, 15 km to the north (Fig. 7). Movement on 

this fault is interpreted to have occurred between mid-Cretaceous and Eocene or Oligocene 

times (Roddick, 1967; Templeman-Kluit and others, 1976, Gabrielse, 1985).

Stratigraphie zoning of mineralization. In terms of stratigraphie control on 

mineralization, there is a drastic difference in the metal content of deposits hosted by Lower 

Cambrian and older strata, in comparison with deposits hosted by Upper Cambrian to 

Mississippian strata. The Lower Cambrian and older rocks in the district are host to Au- 

bearing quartz-arsenopyrite veins (Type 1), Au-Bi-Te-bearing or barren pyrrhotite- 

arsenopyrite-pyrite-chalcopyrite-siderite mantos (Type 2), and barren quartz-chalcopyrite 

veins (Type 4). Pb, Zn, and Ag minerals are extremely rare in these deposits, with the 

exception of the Oxo manto deposit (#38; Plate 2).

The Upper Cambrian to Mississippian rocks, on the other hand, mainly host Ag- 

bearing galena-siderite veins (Type 4). These veins contain minor but locally abundant 

pyrite, chalcopyrite, sphalerite, tetrahedrite, quartz, calcite, and dolomite. Gold values are 

generally low. Pyrrhotite, arsenopyrite, and elevated gold values have been noted in a few 

showings which are hosted by calcareous argillite of Subunit 2a (Upper Cambrian).

The stratigraphie control of metals may be related to a number of factors. The 

simplest explanation is that the As-Au and Pb-Ag mineralization are unrelated, and 

Proterozoic-Lower Cambrian strata is richer in Au and As, while the Upper Cambrian and 

younger rocks contains more Pb, Zn, and Ag. Alternatively, the Pb-Ag veins may be the 

same age, and distal to the intrusion-related As-Au mineralization. It should be pointed out 

that because of the Ketza uplift and doming, the rocks become progressively younger 

outward, and thus it makes sense the distal Pb-Ag veins occur in younger rocks.
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Spatial zoning of mineralization. In terms of spatial distribution of metals 

and minerals, the gold-bearing and barren deposits comprised mainly of pyrrhotite, 

arsenopyrite, pyrite, chacopyrite, quartz, and siderite (Types 1,2,4) occur mainly in the 

western and centrals part of the district while the Ag-bearing galena-siderite veins occur to 

the east (Plate 2). This spatial zoning of elements is particularly evident on Figures 82 and 

83 which show the distribution of arsenopyrite and galena respectively. These minerals 

serve as index minerals for gold and silver mineralization respectively.

Figure 82 shows that arsenopyrite is a major sulfide component in occurrences 

which form a northeast-trending belt in the western part of the district. This belt is 

coincident with the Ketza uplift and overlies the area of homfels and sericitic (phyllic) 

alteration north of Peel Creek (Fig. 82). As discussed above, the Ketza uplift, homfels, 

and sericitizanon are thought to be underlain by a small, steep-walled intrusion of mid- 

Cretaceous age. Arsenopyrite is also a minor component of scattered showings elsewhere 

in the district, many of which are associated with east-northeast and northwest high-angle 

faults (Fig. 82). These faults form a rectilinear pattern and are interpreted to have originally 

formed due to intrusion of the mid-Cretaceous stock. The arsenic and gold-rich fluids were 

probably channeled along these faults to the outlying deposits.

Galena is the major sulfide constituent of showings in the eastern part of the district 

(Fig. 83). These showings are distributed in a concentric, half-circle pattern around the 

Ketza uplift, suggesting that they are genetically related to this feature. Galena is also a 

minor component of three manto showings in the western part of the district, as discussed 

above.
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Figure 82. Distribution of arsenopyrite in mineral occurrences in the Ketza River 
mining district. Geology base from Plate 1.
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Figure 83. Distribution of galena in mineral occurrences in the Ketza River mining 
district. Geology base from Plate 1.
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Finally, Figure 84 shows the spatial distribution of iron minerals in mineral 

occurrences in the district. Pyrrhotite and lesser pyrite are the dominant iron minerals in a 

northeast-trending belt of occurrences in the western part of the district. This belt overlies 

the homfels and Ketza uplift and is essentially coincident with the arsenopyrite belt in 

Figure 82. To the east and south, siderite and lesser pyrite are the dominant iron minerals 

in the occurrences. A few showings in the southwest part of the district contain siderite 

with pyrrhotite (Fig. 84). The distribution of siderite-pyrite is more or less equivalent to 

the distribution of galena (Fig. 83), although some manto showings in the southwest 

comer of the study area contain siderite and iron sulfides without galena.

Zoning of carbonate minerals. With respect to the composition of the 

carbonate minerals in the showings, it was noted above that the galena-siderite veins and 

Au-poor siderite-sulfide manto deposits contain siderite with an identical composition 

(Fig. 76; Table 3). These siderites contain up to 10.1 % Mg and 10.5 % Mn. Although 

carbonate minerals are not abundant in the the Au-rich Peel sulfide manto, it does contains 

some dolomite and ferroan dolomite/ankerite, in addition to siderite (Figs. 76; 77; Table 4). 

In addition, all the carbonate minerals in the Peel zone, including siderite, contain much 

less Mn (less than 3.0 %) than siderite in the Au-poor mantos or galena-siderite veins (Fig. 

76; Table 4). In other words, the Au-rich Peel zone which, is proximal to the homfels and 

Ketza uplift, contains a variety of carbonate minerals, including siderite, ferroan 

dolomite/ankerite and dolomite, all of which contain negligible Mn. The Au-poor siderite- 

sulfide mantos and Ag-bearing galena-siderite veins, which are more distal from the Ketza 

uplift, contain up to 10.5 % Mn.

The carbonate composition data presented above appear to support a genetic link
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between the sulfide-siderite manto deposits (Type 2) and the galena-siderite veins (Type 5). 

The Au-poor mantos and galena-siderite veins contain siderite with identical compositions, 

despite the fact that they occur in completely different host rocks. This is good evidence 

that the siderite in the two types of deposits was deposited from the same hydrothermal 

solution.

Fluid Evolution. If the Type 1, 2, and 5 deposits formed from a single 

hydrothermal fluid which emanated from the Ketza uplift, then the change outward from 

pyrrhotite-arsenopyrite-pyrite-gold-bismuth to siderite-galena-pyrite suggests that the fluid 

was highly reduced and became cooled and oxidized as it moved outwards.

Metal zoning in other districts. The pattern of mineral and metal zoning 

presented here matches well with empirical zoning patterns in other intrusive-centered 

districts in the cordillera. In particular, the zoning is similar to the outer two zones in the 

Copper Canyon district, Nevada (Theodore and Nash, 1973). The Copper Canyon district 

is zoned outward from garnet and chalcopyrite-dominant Cu-Au-Ag skams which occur 

proximal to a granodiorite porphyry (West, East orebodies), more distal pyroxene and 

pyrrhotite-dominant Au-Ag skarns which extend out to the marble front (Fortitude, 

Tomboy-Minnie orebodies), and finally a peripheral zone of Pb-Zn-Ag veins (Wotruba and 

others, 1986). In the distal Au-rich Fortitude deposit, gold is associated with a retrograde 

skam assemblage of actinolite, epidote, K-spar, pyrrhotite, marcasite, arsenopyrite, 

bismuth and telluride minerals (Meinert, 1989).
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SUMMARY AND CONCLUSIONS

Structural and Stratigraphie Setting 

The host rocks to the Ketza River mining district are part of the miogeoclinal Pelly- 

Cassiar platform, and range in age from Proterozoic(?) or Lower Cambrian to 

Mississippian. The stratigraphie sequence includes clastic and carbonate rocks deposited in 

a platform environment, restricted-marine black shales, and rift-related intermediate to felsic 

volcanic rocks and associated volcaniclastic deposits. Two small thrust sheets of 

eugeoclinal greenstone are also present, and were apparently transported into the area from 

the southwest, in response to arc-continent collision and allochthon obduction. This event 

is interpreted to have occurred between Late Triassic and Late Cretaceous times. The 

thrusting event also produced small-scale thrusts in the underlying rocks, in addition to 

northwest-trending folds, foliation, and lower greenschist facies metamorphism.

High-angle faults trend north, northwest, and east-northeast and are younger than 

the thrust faults. They form a rectilinear pattern around the Ketza uplift, which is inferred 

to be underlain by a small, steep-walled pluton. Other evidence for the presence of a buried 

intrusion include a well-developed 1 km wide zone of homfels and a zone of pervasive 

phyllic alteration with sheeted quartz-arsenopyrite veining. A whole rock K-Ar date of the 

homfels returned a date of 101 ± 4  Ma, which is in accordance with mid-Cretaceous (84 - 

97 Ma) quartz biotite monzonite plutons to the south of the study area. A later period of 

deformation has reactivated many of the mid-Cretaceous structures. This later event is 

poorly understood, but is probably related to movement on the Tintina fault, which is 

situated 15 km to the northeast. This important fault is interpreted to have between 450 and 

900 km of dextral transcurrent movement between mid-Cretaceous and Eocene or
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Oligocène times.

Detailed mapping and core logging were confined to the Lower Cambrian carbonate 

strata (Subunits 1c to If), which are host to stratabound gold mineralization at the Ketza 

River mine. These units are interpreted to have been deposited in a subtidal shelf setting, 

based on sedimentary structures and fossil evidence. A gradual shoaling trend from low- 

energy, restricted-circulation conditions to intermittently agitated, normal marine salinity, 

oxygenated conditions is indicated by the upward change to less argillaceous, bioturbated, 

and coarser-grained lithologies (Subunit Id). These "cleaner" upper beds are overlain by 

greenish, terriginous argillite (Subunit le), restricted marine black shale (Subunit If), and 

finally by a thick sequence of calcareous argillite of Upper Cambrian-Ordovician age 

(Subunit 2a).

Since Middle Cambrian rocks are missing from the stratigraphie section, an 

important, sub-Upper Cambrian unconformity must be present Templeman-Kluit (in 

press) apparently places the unconformity above the black shale (Subunit If), however, it 

is not known whether this is based on paleontological dating. New drillhole information 

presented in this study shows that Subunit le, which underlies the black shale, has a 

widely varying thickness and is locally absent. This suggests that a significant amount of 

erosion may have taken place prior to the deposition of the black shale, and thus the 

important sub Upper Cambrian unconformity may be below the black shale and not above 

it.

Despite the probable presence of this major unconformity, detailed mapping and 

core logging has failed to locate unequivocal evidence for paleokarst activity in the Lower 

Cambrian carbonate rocks. Late, postsulfide features include local druse-filled, subvertical 

solution channels, a heterolithic mud-matrix breccia, and laminated clay deposits. They are
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intimately associated with northwest-trending faults and oxide mineralization. The solution 

features are thought to have been formed by modem (Quaternary?) groundwater flow 

which was also responsible for producing the iron oxide bodies.

Mineral Deposits

At least 79 mineral occurrences are known in the district and these have been 

subdivided into five broad groups based on style of mineralization, ore and gangue 

mineralogy, host rocks, and precious metal content.

Tvpe 1

Gold-bearing quartz-arsenopyrite veins form a sheeted zone in Pro tero zoic (?) - 

Lower Cambrian sandstone, siltstone, and argillite in the west-central part of the district 

The host rocks are strongly iron-stained, bleached, and pervasively altered to a phyllic 

alteration assemblage over a 1 km wide area. The mineralization and alteration are 

hydrothermal in origin and are inferred to be genetically related to an underlying buried 

intrusion. Intrusions of this age are associated with W-Mo-Sn skam, stockwork, and 

porphyry deposits and peripheral precious- and base-metal-bearing veins throughout the 

northern cordillera. Good examples include the Kalzas and Dublin Gulch deposits near 

Mayo, Yukon. Because of these similarities, it is proposed that the potential exists for an 

intrusive-related stockwork W-Mo-Sn or Cu-Au deposit at depth beneath the Ketza uplift

Tvpe 2

The main goal of this study was to investigate the unusual gold-bearing and barren 

sulfide or siderite-sulfide mantos, chimneys, and veins which occur in the western part of



T-3734 169

the district. These are spatially widespread and are stratabound in the top part of a thick 

Lower Cambrian limestone (Subunit Id). The bodies generally occur less than 30 m below 

green argillite of Subunit le, which is in turn overlain by black shale of Subunit If. The 

largest and richest gold-bearing sulfide mantos line up along an east-northeast trend, just 

south of and parallel to the Peel fault, and directly south of the homfels described above. 

Siderite-rich mantos occur to the south, on the periphery of the district.

Although the mantos are grossly stratabound on a regional scale, detailed mapping 

of underground and surface exposures has shown that they have consistent epigenetic 

relationships with the host limestone. The best evidence for epigenesis is the consistent 

relationship of sulfide bodies transecting an older set of calcite veins. The most important 

structural ore controls appear to be northwest and east-northeast high-angle faults and 

thrust faults.

The mineralogy of these occurrences is quite simple. They are mainly composed of 

pyrrhotite, with lesser but locally abundant arsenopyrite, pyrite, quartz, calcite, siderite, 

and other carbonate minerals. Minor constituents include chalcopyrite, marcasite, native 

gold, native bismuth, and muscovite. Galena, sphalerite, sulfosalt minerals, and magnetite 

are not usually present, although they are minor to significant consituents of a few scattered, 

occurrences. Calc-silicate minerals are not present. Results of an underground sampling 

program indicate that although gold values are very erratic, they show quite good 

correlation with arsenopyrite content.

The ore minerals display no compositional banding or crustiform textures. They 

are, for the most part, massive and homogeneous, although sulfide veining of limestone is 

locally well-developed. Pétrographie work has shown that the sulfide minerals have been 

subjected to thermal and dynamic metamorphism. Pyrrhotite exhibits strain banding.
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schistose textures, and is locally annealed, while arsenopyrite euhedra are commonly 

fractured. Pyrite occurs as large subhedral to rounded porphyroblasts, which appear to 

have been milled in the flowing pyrrhotite. Softer minerals including gold, bismuth, and 

chalcopyrite have migrated into paragenencally "late" sites, such as fracture fillings.

Despite the microscopic evidence for deformation of the ore minerals, there is no 

evidence for large-scale plastic flow of the ores. "Durchbewegung" and other flow textures 

are lacking, and wallrock fragments which are surrounded by sulfides show no evidence of 

having been deformed, rotated, or "milled". In fact, it appears as though the sulfides have 

simply invaded the limestone along fractures.

The limited trace element geochemical data that are available show that the sulfide 

bodies are enriched in Au, As, Cu, and Bi, in addition to Sb, and Te. Values of Pb, Zn, 

and Ag are all very low, as are Cd, Tl, Se, Hg, Mo, and Ni. Data for W and Mn are 

inconclusive, and no data are available for Sn, F, or Co. The association Au-Fe-As-Cu-Bi- 

Te is typical of the retrograde stage of skam-type gold deposits such as Fortitude, Nevada; 

Hedley, British Columbia; and Mam, Yukon.

The obscuring effect of metamorphism of the ores makes a definitive genetic 

interpretation based on textural evidence impossible. Based on the mineralogy, 

geochemistry, and ore controls, the sulfide bodies are thought to have formed by 

metasomatic replacement of permeable beds in the Lower Cambrian limestone. On a local 

scale, mineralization appears to have been controlled by high-angle faults, thrust faults, 

joints, and bedding. Hot, acidic, reduced hydrothermal solutions derived from, or 

contributed to by an inferred mid-Cretaceous intrusion ascended along high-angle faults to 

the Lower Cambrian limestone. The fluids were apparently confined beneath a thick 

sequence of relatively impermeable shales, which may have acted as a barrier. Fe-As-Cu
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sulfide minerals were deposited close to the intrusion, while gold-poor siderite-sulfide 

deposits were deposited farther out. This change probably reflects cooling and oxidation of 

the fluid as it moved out.

No substantial evidence was found to support a karst-filling model for sulfide 

emplacement. Open space textures or evidence of a preexisting paleokarst channel network 

or collapse breccias are absent. Breccia and solution features are rarely present but contain 

sulfide fragments and are therefore interpreted to be younger than the manto mineralization. 

Zebra rock and strati graphically controlled dolomitization are locally present but can be 

explained by other processes also. It seems unlikely that the effect of mineralization, 

metamorphism, and deformation could have removed all vestiges of a presulfide karst 

network.

Although the strong stratigraphie control on mineralization suggests that syngenetic 

exhalative processes may have been responsible for mineralization, this is considered to be 

unlikely because 1) the sulfides consistently transect older features in the limestone such as 

calcite veins; 2), there is a complete lack of banding or lamination in the ores; and 3) the 

metal suite is incompatible with other known syngenetic exhalative deposits.

The sulfide manto deposits in the Ketza River district appear to represent an unusual 

end-member in the spectrum of gold deposits. They have many features in common with 

gold skam deposits, but lack any calc-silicate minerals. Although the original textures have 

been obscured by late dynamic metamorphism, other evidence suggests that they formed by 

metasomatic replacement of limestone by fluids derived from, or driven by, a nearby 

plutonic intrusion.



T-3734 172

Tvpe 3

Gold-bearing iron-oxide mantos and chimneys were mined at the Ketza River mine 

from 1988 to 1990. The mineralization occurs as manto and chimney-shaped bodies 

adjacent to the Peel sulfide manto. The limonitic ore is reddish-brown in color and is 

composed of goethite, hematite, and scorodite and probably other unidentified hydrous 

ferrous oxide minerals, in addition to quartz, rock fragments, and clay and sulfide 

minerals. Work by company geologists has determined that gold is associated with an 

unusual, conchoidally fracturing material tentatively identified as the hydrous Fe-Si-Al-Ca- 

Mg-Mn mineraloid "hisingerite".

Ore in the Peel oxide manto is porous and massive, and displays little internal 

structure. Cellular boxwork textures are common within the main orebody and suggest that 

the limonite formed by in situ oxidation of massive sulfide manto mineralization. Modem 

(Quaternary?) groundwater was probably responsible. Gold-poor "fluffy" limonite fills 

fractures and replaces oolitic beds adjacent to the main orebody, and is probably 

transported or "exotic" in origin.

The Ridge zone contains a higher proportion of quartz and rock fragments, and is 

situated at the junction of the Peel and Northwest faults. It contains high-levels of Au, Cu, 

As, Sb, and Si02, and is somewhat anomalous in Ag, Zn, and Ni. As would be expected, 

the Ridge ore is somewhat depleted in As, S, MgO, CO2, and sulfide minerals relative to 

the Peel sulfide deposit. This deposit is also thought to have formed by in situ supergene 

oxidation of sulfide minerals by groundwater.
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Tvpe 4

Gold-poor quarrz-calcite-sulfide veins occur in the western part of the district, and 

are mainly hosted by limestone of Subunit Id. They occupy northwest and east-northeast 

to northeast-trending high-angle faults, which are commonly surrounded by selvages of 

orange-weathering sucrosic dolomite. Chalcopyrite is usually the only sulfide present, 

although some veins contain arsenopyrite, pyrite, or tetrahedrite. These veins have similar 

mineralogies and attitudes to some of the quartz-rich Type 2 deposits described above. In 

particular, they are quite similar to the quartz-rich veins which locally occur on the margins 

of the mantos. The age and origin of Type 4 veins is not well-constrained. They may 

represent a distinct period of mineralization in the district, or may have formed by 

metamorphism of the sulfide manto deposits. Alternatively, they may represent silica-rich 

fluids left after the main manto mineralization was precipitated.

Tvpe 5

Argentiferous galena-siderite veins occur in the eastern part of the district and are 

almost exclusively hosted by north-trending high-angle faults. The occurrences are hosted 

by rocks ranging in age from Upper Cambrian to Mississippian, and occur both above and 

below a major thrust fault. Work by others suggest that this fault was displaced by 

approximately 30 km between Late Triassic and Late Cretaceous times.

The veins are narrow and mainly composed of siderite. Shoots of massive and 

"steely" galena occur in the siderite with lesser pyrite, chalcopyrite, quartz, calcite, 

dolomite, and wallrock fragments. Sphalerite, tetrahedrite, and arsenopyrite are rare. The 

ore minerals are strongly deformed, indicating that postmineral reactivation of the structures



T-3734 174

occurred.

A few showings are stratabound. Manto-like bodies of pyrite, galena, 

arsenopyrite, siderite, and quartz occur in Upper Cambrian-Ordovician calcareous argillite, 

and have some similarities to Type 2 deposits. Disseminated galena occurs in Silurian 

dolostone breccia and Ordovician-Silurian black shale at a few occurrences. The latter may 

represent syngenetic exhalative mineralization.

The Ketza veins are considered to be younger than the Late Traissic-Late 

Cretaceous thrusting event since their attitudes are consistent above and below the major 

thrust fault. Because the veins are concentrically distributed around the Ketza uplift, it is 

likely that they are genetically related to this structure and its causal intrusion. The 

argentiferous galena-siderite veins in the Ketza River district are similar to silver 

mineralization throughout the cordillera, including the famous Keno Hill and Coeur 

d'Alene districts. Pb isotope data presented by Godwin and others (1982), for the Ketza 

veins, and other silver-rich base metal veins in the northern cordillera, support a mid- 

Cretaceous intrusion-related origin. The Pb, Zn, Ag, and other metals were probably 

derived from metal-rich black shales which occur throughout the district

Metal zoning

Data presented in this study show that there is a well-defined concentric zoning 

pattern of metals around the northeast, east, and southeast sides of the Ketza uplift. The 

metals form a half-circle pattern, with Au-As (Bi-Te) present near the center and Pb-Ag 

more distally. In addition, iron minerals change from pyrrhotite-pyrite in the core to 

siderite-pyrite on the periphery of the district. This zoning is also evident in a stratigraphie 

sense because Au-As mineralization occurs primarily in Proterozoic (?) and Lower
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Cambrian rocks, while Pb-Ag mineralization occurs mainly in Upper Cambrian to 

Mississippian rocks, away from the uplift.

The three main styles of hypogene mineralization in the district, Types 1, 2, and 5, 

have been separately and individually linked to a buried mid-Cretaceous intrusion which is 

thought to underlie the Ketza uplift. In addition, all types of mineralization in the district 

are wholly or in part controlled by high-angle structures related to this pluton.

Furthermore, high-Mn siderite in the gold-poor distal mantos (Type 2) is identical in 

composition to siderite in the galena-siderite veins (Type 5). It has been proposed that 

these three types of mineralization may be part of one large intrusion-centered hydrothermal 

system.

In this scenario, hot, reduced, low-sulfidation state, acidic hydrothermal fluids are 

thought to have emanated from the Ketza uplift. Au and Fe-As sulfides were deposited 

first, followed by Au-poor siderite-sulfide bodies. As the fluid moved out it cooled and 

became oxidized. Finally, siderite and argentiferous galena were deposited on the 

periphery of the district. This zoning pattern is similar to other intrusion-centered districts 

in the cordillera, such as Copper Canyon, Nevada.

Implications for Exploration

There are several implications of this study with respect to exploration, both within 

and outside the district Gold exploration within the district should continue to focus on the 

Peel fault, especially where it is transected by northwest-trending cross-faults. Exploration 

should also be directed to the covered area east of the Fury Ridge fault. This structure is a 

major high-angle fault which cuts through the favourable Lower Cambrian limestones. The 

potential exists for an intrusive-related W-Sn-Mo stockwork system beneath the altered
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rocks in the Ketza uplift Finally, intrusive-related "silver districts" in the northern 

cordillera should be reevaluated with the Ketza metal zoning model in mind. These districts 

may have potential for gold skam or replacement deposits, particularly if thick sequences of 

carbonate rocks are present.
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Mineral Occurrences in the Ketza River mining district.
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PLATE 6Geology of the %30m Tunnel, Peel Zone Ketza River Gold Mine
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