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ABSTRACT

1: 20,000 scale geological mapping of the Eagle Bay Assemblage was conducted
in the Johnson Lake area in southern British Columbia to document lithologies that host
economically important base and precious metal deposits. The Eagle Bay Assemblage
consists of polydeformed, greenschist metamorphic grade rocks derived from volcanic,
intrusive and sedimentary protoliths, and is assigned to the pericratonic Kootenay Terrane
of the Canadian Cordillera.

Lower Cambrian (and older?) metamorphosed bedded chert, siliciclastic, mafic
volcanic/ volcaniclastic rocks and limestone structurally overlie Devonian-Mississippian
felsic, intermediate and mafic volcanic/volcaniclastic and siliciclastic rocks. Geological
units and structures trend northwest, and dip east. The geometries are controlled
predominantly by Jurassic west-verging folding and thrusting. Folds are tight to isoclinal
with overturned limbs, have synmetamorphic axial planar cleavage and developed
synchronously with thrust faulting. Fault geometries can be explained by treating the
thrusts as a series of ramps and flats. Thrust flats trend northwest and dip moderately east
concordant with stratigraphic layers. Ramps trend north, dip steeply east and cut across
stratigraphic layers.

Late Devonian felsic to intermediate volcanic rocks and subvolcanic intrusions
have calk-alkalic whole rock geochemistry and are assigned to a volcanic arc tectonic
setting. Structurally overlying these rocks are alkalic intermediate to felsic rocks that

yield a 36064.6 Ma U-Pb zircon age. These rocks are interpreted to have formed during




rifting of the volcanic arc. Mafic volcanic rocks overlying the Rea and Samtosum
deposits are of uncertain age and have an ocean island basalt (OIB) rift type chemistry.
Mafic volcanic rocks of known Lower Paleozoic age have OIB and mid ocean ridge
basalt (MORB) type chemistry and are remnants of a continental margin rift. Late
Devonian rocks host volcanogenic massive sulphide (VMS; Rea, K7, Homestake) and
quartz-carbonate-sulphide vein (Samatosum) deposits. The Homestake massive barite/
sulphide deposit is hosted within altered felsic volcanic rocks of unit 6. The Rea and
Samatosum deposits occur within a fault repeated altered argillite and quartz-wacke that
is truncated to the south. However this zone continues northwest of the map area and may

host undiscovered massive sulphide deposits.
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CHAPTER 1: INTRODUCTION

OVERVIEW

The purpose of this research was to investigate rocks of the Eagle Bay
Assemblage in the Johnson Lake area that host massive sulphide deposits. The Eagle Bay
Assemblage consists of Paleozoic, polydeformed greenschist metamorphic grade rocks,
assigned to the Kootenay Terrane (Schiarizza and Preto, 1987). Geological mapping,
geochemistry, and geochronology was utilized to characterize these rocks. The primary
goals of this project were to: (1) Produce a 1: 20 000 scale geological map and cross
sections (appendix I); (2) Characterize volcanic rocks, and elucidate tectonic settings
using geological mapping and geochemistry; (3) Constrain the ages of some of the
volcanic rocks using U-Pb zircon geochronology; and (4) Examine the stratigraphic and
structural controls on mineralization pertaining to the Samatosum and Rea deposits. The
primary results of this research are presented in chapters 2 and 3, written as stand alone
contributions consistent with peer reviewed journal articles. Chapter 2 summarizes the
stratigraphy and structural geology of the Johnson Lake area while chapter 3 examines
the geochemistry, geochronology, and tectonic setting. Chapter 4 describes the significant
sulphide occurrences in the region.

The study area is located 80 km north Kamloops (Fig. 1.1), within NTS map sheet
82M/04 and has geographical co-ordinates 119 54’ 00” to 119 42’ 00” degrees longitude,
and 51 117 00” to 51 04’ 00” degrees latitude. This region has been the focus of extensive
exploration efforts by prospectors, and junior and senior mining companies. The last

major stage of exploration in the area followed the discovery of the Rea massive sulphide




deposit in 1983. This culminated in the discovery of the Samatosum silver deposit, which
was mined from 1989 to 1992.

In addition to its economic potential for base and precious metal deposits, rocks in
the study area provide insight into the Paleozoic through Tertiary tectonic evolution of
the North American continental margin. Lithogeochemical and radiogenic isotope studies
provide insight into paleotectonic settings of volcanic rocks in the area. Geological
structures in the region provide information on deformation events that have occurred
along the North American margin spanning the Paleozoic to Cenozoic Era’s.

This research was conducted in conjunction with the Ancient Pacific Margin
NATMAP project. The Ancient Pacific Margin NATMARP project investigates the
pericratonic terranes of the Canadian Cordillera in British Columbia and Yukon. These
terranes consist predominantly of Paleozoic volcanic, sedimentary and intrusive rocks,
which are thought to have formed on or close to the western margin of the North
American Continent (Price et al., 1985; Nelson, 1997, Nelson et al., 2000). The
NATMAP project consists of multidisciplinary studies (bedrock mapping, mineral
deposit, geochemical and isotope studies; quaternary mapping, till and stream sediment
geochemistry) and is a collaboration between universities, B.C. and Yukon geological

surveys, the Geological Survey of Canada and industry.

DESCRIPTION OF THE STUDY AREA
The region is dominated by generally north to northwest trending valleys, ridges
and plateaus. Elevations in the area range from 450 metres at Adams Lake to 1900 metres

at the highest point on Samatosum Mountain. The vegetation consists of a dense cover of
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coniferous trees including Red cedar, Western Hemlock, and Douglas Spruce along with
lesser deciduous trees. Undergrowth consists of a variety of moss, ferns and flowering
plants. Extensive logging activities have resulted in numerous clear-cuts linked by roads,
which have increased bedrock exposure and accessibility. Sinmax Valley near Squam
Bay on Adams Lake has been developed for agricultural use.

Bedrock is overlain by variable amounts of glacial till, and postglacial soil. On the

Samatosum Plateau, glacial till has a thickness in exploration trenches of
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Figure 1.1: Location of the study area, within the Kootenay Terrane of British Columbia, modified after
Wheeler and McFeely (1991).

7 metres (Oliver and Marr, 1987). Glacial deposits covering the map area result from the
last glacial period (Fraser glaciation; Bobrowsky et al., 1997; Dixon-Warren et al., 1997a;

1997b); regional ice flow direction was toward the south-southeast (Fulton and Smith,

1986).
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PREVIOUS WORK

Initial geological investigations of the Adams Lake area were conducted by
Selwyn (1872), Jones, (1959), and Campbell (1963). More recent regional geological
studies include 1: 250 000 scale mapping by Okulitch (1979) and 1:100 000 scale
mapping by Schiarizza and Preto (1987).

Gouthier (1986) analyzed lead isotopes of galena samples from various
syngenetic massive sulphide occurrences in the Eagle Bay Assemblage in an attempt to
define model lead ages. Her work led to the recognition of Cambrian, Devonian-
Mississippian, and Triassic model lead ages. The Homestake and Rea syngenetic
sulphide deposits were found to have Devonian-Mississippian Pb isotope model ages on
galena in agreement with U-Pb zircon dates published by Schiarizza and Preto (1987).
Furthermore, she noted that several of the stratiform deposits within unit EBG defined by
Schiarizza and Preto (1987) had Triassic model lead ages, and suggested that the host
rocks may be as young as Triassic.

Hoy and Gouthier (1986) interpreted units in the area of the Rea deposit to be
inverted based on bedding/cleavage relationships, and top indicators. Hoy (1987)
interpreted the volcanic sequences hosting the Rea and Homestake massive sulphide
deposits to have formed in a rifted volcanic arc based on whole rock geochemical data.
The interpretation was based on an incomplete set of geochemical elements, and limited
sampling sites. Hoy’s (1987) interpretation is being retested using a larger more diverse
sample set and modern analytical techniques presented in this study.

More recent studies include a surficial geology study by Dixon-Warren (1997a,

b.), a till geochemistry study by Bobrowsky et al. (1997) and regional stream water

Introduction




geochemistry by Lett et al. (1998). Mineral exploration in the region has been
intermittent and focused primarily on precious (Au, Ag) and base metal (Zn, Cu, Pb)
occurrences. Prospecting since the turn of the century has turned up a number of sulphide
deposits and showings including Homestake, Rea, Samatosum, K7, Twin Mountain,
Agate, and Acacia (refer to map in appendix I).

The Rea deposit was discovered in 1983 by prospectors A. Hilton and R. Nicholl.
It was optioned by Rea Gold Corporation and subsequently sold to Corporation
Falconbridge Copper. The polymetallic nature of the deposit, and especially the high
contents of associated gold made this a particularly attractive exploration target. The Rea
discovery lead to a staking rush in the region. Subsequent exploration by Corporation
Falconbridge Copper led to the discovery of the “Silver Zone”. The “Silver Zone”
consisted of high-grade silver hosted in quartz-carbonate veins, associated with quartz-
sericite-carbonate-pyrite alteration. This led to the establishment of the Samatosum open
pit and underground mine that operated from 1989 until 1992.

Exploration was conducted from 1987 to 1989 by Esso Minerals Canada on the
Kamad claims that included the Twin Mountain and Acacia showings, and the
Homestake deposit (see map in appendix I). This led to the recognition of a southerly
continuation of the alteration and mineralized zone hosting the Rea deposit. Till
sampling, geophysics, and diamond drilling subsequently led to the discovery of
stratiform mineralization (Zn, Pb, Cu, Au, Ag) referred to as the K7 deposit. These
claims were later optioned by Homestake Canada Ltd. Exploration work conducted
included trenching, electromagnetic geophysics surveys, and diamond drilling. Work

conducted by Esso Minerals and Homestake Canada Ltd are summarized by Oliver and
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Marr (1987), Heberlein (1988), Heberlein et al. (1989), Carmichael and Bozek (1990),

and Carmichael (1991) in company and assessment reports.

REGIONAL GEOLOGY

The Eagle Bay Assemblage is assigned to the pericratonic Kootenay Terrane of
British Columbia, within the Omineca Crystalline Belt, one of five morphological belts of
the Canadian Cordillera (Schiarizza and Preto, 1987, Wheeler and McFeely, 1991,
Monger, 1993, Fig. 1.2). The Omineca crystalline belt refers to variably deformed and
metamorphosed rocks of continental affinity that are exposed east of Mesozoic arc and
back arc sequences (Intermontane Belt) and west of deformed Paleozoic continental
margin sedimentary rocks (Foreland Belt) in British Columbia. The Kootenay Terrane
and correlative rocks of the Yukon-Tanana Terrane to the north comprise dominantly
Paleozoic metasedimentary and metavolcanic rocks deposited on the distal western edge
of ancestral North America (Schiarizza and Preto, 1987; Gabrielse et al., 1991). Major
rock successions of the Kootenay Terrane include the Lardeau Group, the Eagle Bay
Assemblage, eastern assemblages of the Late Paleozoic Milford Group, and equivalent
rocks within the Shuswap metamorphic complex (Hoy, 1999).

The Eagle Bay Assemblage, described by Schiarizza and Preto (1987) consists of
Lower Cambrian to Mississippian metasedimentary and metavolcanic rocks that are
intruded by Late Devonian foliated granite/diorite and Jurassic-Cretaceous granodiorite
and quartz monzonite of the Raft and Baldy batholiths, and overlain by tertiary basalt.

The regional geology defined by Schiarizza and Preto (1987) in the Johnson Lake area, is
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summarized in Fig. 1.3. Near Johnson Lake, these rocks consist of Lower Cambrian (and
older?) clastic metasedimentary rocks (units EBH and EBQ), mafic metavolcanic rocks
and limestone (unit EBG). These rocks structurally overlie Devonian-Mississippian
mafic, intermediate and felsic metavolcanic and metasedimentary rocks (units EBA and
EBF, respectively), and metaclastic rocks (unit EBP).

Numerous mineral occurrences of the Eagle Bay Assemblage, including the Rea,
Homestake, Samatosum and Twin Mountain deposits are hosted by mafic to felsic
metavolcanic and metasedimentary rocks of units EBA, EBF, and EBG (Fig. 1.3).
Geological mapping by Schiarizza and Preto (1987), Hoy and Gouthier (1986), and this
study indicate that units EBA, EBF, and EBP of Schiarizza and Preto (1987) are
apparently right-way-up regionally but locally overturned (Fig. 1.3). These units are
structurally overlain by mafic metavolcanic rocks of EBG and the Tshinakin Limestone
member (Schiarizza and Preto, 1987). The apparent juxtaposition of older (Cambrian)
rocks over younger (Devonian) rocks led Schiarizza and Preto (1987) to infer the
presence of a major thrust fault, which they referred to as the Haggard Creek Thrust
Fault. The Samatosum and Rea deposits are located near the inferred trace of this fault,
and controversy exists over which package(s) of rocks host the deposits and whether or

not a major thrust fault even exists.

REGIONAL STRUCTURE AND METAMORPHISM
Rocks of the Eagle Bay Assemblage have been subjected to multiple episodes of

deformation. Early phases of deformation include inferred syndepositional extensional
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faulting of Cambrian and Devonian-Mississippian age associated with rift type volcanism
and basin filling sediments (Hoy, 1999). Rocks of the Fennel Formation (west of the
study area) are included in the Slide Mountain Terrane. These rocks are interpreted to
represent the remnants of a Mississippian-Permian marginal ocean basin developed on
the outer western edge of the North American continent (Nelson, 1997) that were
subsequently thrust east over rocks of the Kootenay Terrane during the Triassic-Jurassic
(Schiarizza and Preto, 1987).

The style of folding in the Eagle Bay Assemblage is synmetamorphic, tight to
isoclinal folds with overturned limbs and associated penetrative axial planar cleavage
(Schiarizza and Preto, 1987). The folds and cleavage are associated with west verging
thrust faults of probable Jurassic age (Schiarizza and Preto, 1987; Okulitch, 1989). The
Jurassic event has been attributed to accretion of the Intermontane Belt to the western
North American margin (Fig. 1.3; Monger, 1993). The metamorphic grade of the Eagle
Bay Assemblage is generally lower to upper greenschist, however in the northeastern
portion of the Eagle Bay Assemblage the metamorphic grade increases to amphibolite
grade (Schiarizza and Preto, 1987).

Near the Cretaceous Raft and Baldy batholiths, 20 kilometres north of the study
area, folds and faults have trends parallel to the contacts of the intrusions, suggesting that
these are syn-intrusive structures (Schiarizza and Preto, 1987). The area also contains
Eocene brittle faults that strike north to northeast coinciding with basaltic volcanism (unit

eTs of Schiarizza and Preto, 1987).
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CHAPTER 2:
STRATIGRAPHY AND STRUCTURE OF THE EAGLE BAY
ASSEMBLAGE IN THE JOHNSON LAKE AREA, SOUTHERN
BRITISH COLUMBIA

ABSTRACT
1: 20,000 scale geological mapping was conducted in the Johnson Lake area to

examine stratigraphic sequences that host economically important base and precious-
metal deposits. The Eagle Bay Assemblage consists of polydeformed, greenschist
metamorphic grade rocks derived from volcanic, intrusive and sedimentary protoliths,
and is assigned to the pericratonic Kootenay Terrane of the Canadian Cordillera.

Lower Paleozoic (and older?) mafic volcanic and volcaniclastic rocks, limestone,
and siliciclastic rocks structurally overlie Devonian-Mississippian felsic, intermediate,
mafic volcanic and intrusive rocks, and siliciclastic rocks. Age constraints include a
360 +4.6 Ma U-Pb zircon age on felsic volcanic rocks and correlation of a thick
limestone with the archaeocyathid bearing Lower Cambrian Tshinakin Limestone
(Schiarizza and Preto, 1987). The limestone is intercalated with mafic
volcanic/volcaniclastic rocks and siliciclastic rocks, suggesting a Lower Paleozoic age for
these rocks.

Geological units and structures are northwest trending. The geometries were
dominantly controlled by southwest-verging folding and thrusting of Jurassic age. Folds
are tight to isoclinal with overturned limbs; they have axial planar cleavage defined by
schistosity and developed synchronous with thrust faulting. Fault geometries can be
explained by treating the thrusts as a series of ramps and flats. Thrust flats trend
northwest and dip moderately northeast concordant with stratigraphic layers, whereas
ramps trend north and dip steeply east.

These rocks host volcanogenic massive sulphide (Rea, K7, Homestake) and
quartz-carbonate vein silver (Samatosum) deposits. Host rocks to the Homestake massive
barite-sulphide deposit are altered felsic volcanic rocks of unit 6. The Rea and
Samatosum deposits occur in fault-repeated altered argillite and quartz-wacke of unit 7
that is truncated structurally to the south. However, these rocks continue along strike to

the northwest and may have future exploration potential.
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INTRODUCTION

This paper presents the results of 1: 20,000 scale geological mapping conducted
in the Johnson Lake area to investigate rock packages that host economically important
massive sulphide deposits. The Johnson Lake area is located 80 km north of the city of
Kamloops in British Columbia (Fig. 2.1, inset), and is bounded by latitudes 51° 04’ 00”
to 51°11° 007, longitudes 119° 42’ 00” to 119° 54° 00” (Fig. 2.2) and is in NTS map
sheet 82M/04. Rocks of this study form part of the Eagle Bay Assemblage (Jones, 1959;
Schiarizza and Preto, 1987), and are assigned to the Kootenay Terrane of the Omineca
Crystalline Belt (Fig. 2.1; Wheeler and McFeely, 1991). The Eagle Bay Assemblage
consists of Paleozoic sedimentary and volcanic rocks that developed on the distal North
American continental margin and have been intruded by Devonian and Cretaceous
granites.

The structure and stratigraphy of the Eagle Bay Assemblage has been elucidated
by regional (1:100,000 scale) mapping by Schiarizza and Preto (1987) that divided the
Eagle Bay Assemblage into four rock packages bound by east-dipping southwest-verging
thrust faults. The Haggard Creek fault is the westerly and structurally lowest of these
thrust faults and is interpreted to place Lower Paleozoic and older rocks, onto Middle
Paleozoic rocks (Schiarizza and Preto, 1987).

The primary goal of this study was to map (1: 20 000 scale) the distribution of
lithologies and structures, in an area known to host massive sulphide deposits. This paper
draws attention to the presence of a southwest-verging fold and thrust belt. The following
questions are addressed: (1) What are the depositional environments of the supracrustal

rocks cropping out in the study area? (2) What is the association between folding and
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Figure 2.1: Simplified geological map of Southeastern British Columbia, modified after Wheeler and
Mcfeely (1991). Mineral deposits indicated are Rea (R), Homestake (H), Harper Creek (HC), Goldstream (G),
and True Blue (TB). The study area (see Fig. 2) is outlined by the rectangle surrounding the Rea and

Homestake deposits.
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Figure 2.2: Simplified geological map of the Johnson Lake area
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faulting and how do these structures control the distribution of units? (3) What are the

characteristics of each phase of deformation, and how many phases can be recognized?

LOCAL STRATIGRAPHIC UNITS

The Johnson Lake area is underlain by polydeformed lower to middle greenschist
metamorphic grade rocks of volcanic, intrusive and sedimentary origin. The rocks
encountered in the map area belong to units EBG, EBF, EBA, EBP, EBS and Dgn
defined by Schiarizza and Preto (1987, Fig. 2.3). These units have been further
subdivided in the present study (Figs. 2.2; 2.3). A stratigraphic section (Fig. 2.3)
summarizes units in the map area including thicknesses, relative ages, and relationships
of the units. Reported thicknesses are structural as all units in the map area have been

modified by deformation, and estimated thicknesses are from fold limbs.

Volcanic and Sedimentary rocks
Unit 1: Bedded chert and metapelite

Bedded chert and metapelite crops out in two northwest striking belts in the
eastern portion of the map area with a combined thickness of 300 metres. The chert is
grey-white to black in color, locally graphitic, and contains 2-4 cm thick beds composed
of microcrystalline quartz (Figs. 2.4a; 2.5a). Chert is intercalated with grey to black
siliceous and calcareous phyllite to schist derived from pelite. The mineral assemblage
consists of abundant fine-grained muscovite, carbonate, chlorite, iron- oxides and quartz.
Unit 1 structurally overlies unit 4, except in the central part of the map where it is cut out
by a thrust fault (Fig. 2.2). Unit 1 is overlain by unit 2 and is of probable Lower

Cambrian age as it contains limestone interbeds.
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Regional Eagle Bay Assemblage stratigraphic units
(not to scale) after Schiarizza and Preto (1987)

EBP
E
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\
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\
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Twin Mountain
9 ]

Figure 2.3: Stratigraphic section of geological units in the Johnson Lake area, after this study and
Schiarizza and Preto (1987). See Fig. 2.2 legend for unit designations.
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Figure 2.4: Photo’s of rock units and textures, Johnson Lake area, A.) “Banded chert”, microcrystalline
quartz, chert bands are 2-4 cm wide, unit 1. B.) Metre size pillows in mafic metavolcanic of unit 4.

C.) Intercalated black and grey phyllite Unit 10. D.) Rip up clasts of black phyllite in sandstone of unit 10.
E.) Coarse grained Devonian intrusive. F.) Hornblende diorite dike
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Figure 2.5: Photomicrographs of textures in rocks from the Johnson Lake area A.) Microcrystalline quartz
(chert), sample SLB99-11 (unit 1) B.) Epidote (pseudomorphs of plagioclase?) Crystals in fine grained
actnolite, chlorite, opaque matrix, sample SLB99-09 (unit 2). C.) Oolites in limestone of unit 3b.

D.) Deformed igneous plagioclase grain unit 4, fabric defined by chlorite, actinolite and opaques.

E.) Embayed quartz crystal in quartz sericite carbonate matrix, unit 9, sample SLB99-137.

F.) Saussauritized plagioclase grain in unit 9, sample SLB99-137. All photos taken in cross polarized

transmitting light.
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Unit 2: Mafic volcanic rocks

Rocks assigned to unit 2 crop out in the northeast part of the map area, and have a
thickness of 600m. This unit is composed of greenstone and chlorite schist derived from
pillows, pillow breccias and feldspathic crystal tuffs. Pillows locally exceed one metre or
more in length. The metavolcanic rocks have a light green color due to abundant epidote,
and generally have a white or grey weathered surface. The mineral assemblage consists
of epidote, chlorite, actinolite, Fe-oxides, carbonate, and quartz (Fig. 2.5b.) Metatuffs
contain epidote crystals less than 1 mm in length that are pseudomorphs after plagioclase.
These rocks contain veinlets of quartz, carbonate, fibrous amphibole, and octahedral
magnetite crystals. Unit 2 stratigraphically overlies unit 1, underlies the limestone (unit

3b) (Fig. 2.2) and is of probable Lower Cambrian age.

Unit 3a: Mafic volcanic/volcaniclastic rocks

Unit 3a consists of 1.5- 3 km of structurally thickened mafic volcanic and
volcaniclastic rocks, and includes fragmental, massive and tuffaceous facies. This unit
has an approximate thickness of 700m beneath the limestone (unit 3b), occurs
intermittently above it and continues east of the map area. Fragmental facies have
bleached lapilli to bomb-sized greenstone clasts, which contain chlorite, quartz and
calcite amygdules. The matrix has a foliation defined by chlorite and actinolite that wrap
around plagioclase phenocrysts. Fine-grained, fissile, calcareous chlorite schist is derived
from mafic tuffs, while rocks that are more competent are derived from mafic flows.
Mafic volcaniclastic rocks have thin intercalated limestone beds suggesting that they

were deposited coevally with unit 3b.
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Unit 3b: Limestone

The Limestone is 600-700 metres thick, strikes northwest along the eastern
portion of the map area (Fig. 2.3) and is best exposed in the cliffs above Johnson Lake. It
consists dominantly of finely crystalline white to grey limestone with minor dolostone,
and has a buff white to grey weathered surface. The limestone is commonly massive, but
laminations defined by light and dark compositional bands are locally present. Sericitic
bands suggest clay input into the carbonate depositional environment. The limestone
typically consists of fine to medium grained calcite, with no primary textures preserved.
However, the presence of rare oolites in thin section (Fig. 2.5¢) suggests a shallow
marine depositional environment (King and Chafetz, 1983; Morse and Mackenzie, 1990)

Unit 3b has been correlated to the archaeocyathid bearing Lower Cambrian
Tshinakin Limestone from Vavenby (Schiarizza and Preto, 1987; Hughes 2001). Unit 3b
limestone is in conformable contact with the underlying and overlying greenschist and
metasedimentary rocks, both of which contain interbedded limestone layers tens of
centimetres to tens of metres in thickness. These layers typically preserve bedding

features and macroscopic folds.

Unit 4: Mafic volcanic/volcaniclastic rocks

Unit 4 consists of a 1 to 4 kilometre structurally thickened sequence of calcareous
chlorite-sericite-quartz schist and chlorite schist of uncertain age derived from mafic
volcanic rocks that outcrop in the central portion of the map area. Protoliths include
abundant volcaniclastic rocks, rare mafic massive flows, pillowed flows (Fig. 2.4b), and
flow breccias. The most common rock type is lapilli-tuff with 4-5 centimetre long mafic

volcanic fragments. Individual fragmental layers mapped at a 1: 20 000 scale are
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designated as unit 4b on the map in appendix I. The lapilli are typically bleached and of
similar composition to the matrix. Locally, the fragments are up to bomb-size. Fine-
grained chlorite schist is abundant throughout unit 4. Massive flows contain calcite and
quartz amygdules. Pillows are up to one metre in diametre, have quarti and calcite
amygdules, an outer fine-grained, non-vesicular rim, and have been flattened into the
penetrative foliation plane. Mineral assemblages consist of chlorite, actinolite,
plagioclase, siderite, ankerite, calcite, iron oxides, pyrite, epidote, and quartz. Most of the
minerals are metamorphic, however rare igneous plagioclase crystals are flattened in the
S, foliation plane (Fig. 2.5d).

Cobble conglomerate forms thin discontinuous layers exposed in the cliffs on the
eastern side of Sinmax Valley (see map in appendix I). The cobble conglomerate consists
of slightly rounded pebble to cobble size clasts in a calcareous chlorite schist matrix that
is intraformational in unit 4. Clasts of grey to white quartzite (with well rounded quartz
grains up to Imm in size), limestone, and chlorite schist are present. This conglomerate
was interpreted by Schiarizza and Preto (1987) to mark the trace of the Haggard Creek

fault along the base of unit EBG.

Unit 5: Siliciclastic rocks

This unit consists of undivided metasedimentary rocks that outcrop in the western
part of the map area and were included in unit EBS of Schiarizza and Preto (1987). Rock
types include quartzite, sericite-quartz schist, quartz-sericite chlorite-schist, phyllite, and
quartz lithic pebble conglomerate. The quartzites are derived from mature quartz
sandstones, with well rounded quartz grains up to 1 mm in size that form up to 50% of

the rock. The schist is fine-grained and fissile. Black graphitic phyllite is derived from
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argillite containing minor sandstone layers. The quartz lithic pebble conglomerate
contains lithic fragments of quartzite, chert, vein quartz, and phyllite. These
conglomerates have yielded Proterozoic and Archean zircons (Table 2.1). These rocks are
intruded by and are older than Devonian foliated granodiorite-diorite. Unit 5 is
intercalated with and conformably overlain by quartz-sericite schist of unit 6 (Schiarizza

and Preto, 1987).

Unit 6: Felsic and intermediate volcanic rocks

Unit 6 consists of a 1000 metre structurally thickened sequence of white to
yellow, rusty weathering, quartz-sericite-carbonate, and quartz-sericite-chlorite-carbonate
schist with minor black phyllite and chert. Unit 6 rocks crop out in the western part of the
map area and strike northwest (see map in appendix I). Most primary textures have been
obliterated by pervasive sericite, chlorite, quartz, carbonate, and pyrite alteration related
to volcanogenic massive sulphide/ barite deposits. Rare preserved embayed quartz
crystals and plagioclase phenocrysts suggest felsic to intermediate volcanic protoliths.

Correlative unit EBA rocks (on the east side of Adams Lake) have yielded a U-Pb
zircon age of 387 Ma (Schiarizza and Preto, 1987). However, these analyses were carried
out during the early development of the Radiogenic Isotope Lab at the University of
British Columbia and the ages may be suspect (P. Schiarizza, per comm, 2000). On the
east side of Adams Lake, felsic dykes of unit EBA that cross cut structurally overlying
greenschist and greenstone have been dated by U-Pb zircon techniques at 357 Ma (T. Hsy

and R. Friedman, per comm, 2001).
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Unit 7, 8: Argillite, quartz-wacke, and quartz lithic pebble conglomerate

Unit 7 (see map in appendix I) consists of black to grey phyllite and quartz-
sericite schist derived from fine-grained argillite and quartz wacke, whereas unit 8 is
dominantly quartz lithic pebble conglomerate. These units have been grouped for the
purpose of this paper but are distinguished on the 1: 20 000 scale map in appendix I
because unit 8 forms an excellent marker unit that can be traced 6 kilometres along strike.
Near the Samatosum and Rea deposits the metasedimentary rocks are part of a
structurally complex sequence called the “Mine Series”. The Samatosum and Rea
deposits are located within the metasedimentary rocks near the contact with structurally
overlying mafic volcanic rocks of unit 4. Here, the metasedimentary rocks are highly
strained and altered (i.e., sericitized *clay, silicified, and carbonatized) and consist of
carbonaceous black phyllite, sericitized yellow phyllite containing chert layers, and
pyrite-rich silicified grey phyllite. Graded bedding and rip-up clasts provide consistent
stratigraphic tops toward the west, and indicate that units 7 and 8 are overturned.

Quartz-lithic pebble conglomerate of unit 8 structurally overlies unit 9 on the
overturned limb of the Shafer Lake syncline (i.e. lies stratigraphically beneath unit 9).
Pebble conglomerate can be traced for 6 kilometres along strike, and thickens from 50m
in the south to over 200m in the north. The conglomerate contains clasts (up to 3
centimetres in length) of chert, chlorite schist, and vein quartz, and shows graded bedding

with quartz-wacke and argillite.

Unit 9: Felsic and intermediate volcanic rocks

This unit consists of an 800-1000 metre thick sequence of rhyodacite, dacite and

andesite flows and volcaniclastic rocks that crop out on the eastern and western limbs of
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the Shafer Lake syncline (Fig. 2.2). Volcanic rocks on the eastern limb have a felsic

composition, whereas those on the western limb have an intermediate composition, and

Table 2.1: Summary of isotopic age dates from rocks of the Eagle Bay Assemblage, and Kootenay Terrane

Unit /Location Isotope Interpreted Age Reference
system, origin
mineral
Regional thermal K-Ar (mica, metamorphic Eocene (45-52 Parrish et al.
event zircon fission Ma) (1988)
(Omineca belt) tracks)
Baldy and Raft Ar-Ar, Igneous, Cretaceous (96- Wanless et al.
Batholiths muscovite Cooling age 100 Ma) (1966; 1967)
Regional K-Ar metamorphic Cretaceous- Mathews, W.H.
metamorphism (muscovite, Jurassic (126-154 (1981)
(Trinity Hills) biotite, Ma)
hornblende
EBF (unit 7) Ar-Ar, metamorphic? | Jurassic (185-190 Clark and
Ore veins, muscovite metasomatic? Ma) Williams-Jones,
Samatosum Mtn (1991)
Unit 9, (EBF) U-Pb zircon Igneous Devonian
Samatosum Mtn crystallization (360.6 +4.7Ma) This thesis
Unit 9, (EBF) U-Pb zircon xenocryst Neoproterozoic
Samatosum Mtn (750.4 £ 158.4 This thesis
Ma)

EBA dikes, U-Pb zircon Igneous Mississippian T.HOy andR.
Adams Lake. Cooling age? (357 Ma) Friedman (2001)
(correlates to Per comm

Unit 6 this study)
EBA, Adams U-Pb zircon Igneous Devonian Schiarizza and
Lake crystallization (387 Ma) Preto (1987)
Paleoproterozoic
Unit 5 (EBS) U-Pb zircon detrital (1817,1878 Ma) This thesis
Archean
(2672, 2678 Ma)

both are intercalated with minor argillite to quartz wacke. The felsic

volcanic/volcaniclastic rocks consist of white weathering, beige quartz-sericite schist

derived from quartz-feldspar porphyritic (Figs. 2.5e-f) rhyodacite to dacite, quartz-

feldpar-crystal-lithic tuffs and pyroclastic rocks. Fragmental volcanic rocks contain 5-
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15c¢m long felsic fragments that are flattened and stretched in the penetrative foliation
plane. The felsic volcanic rocks are structurally overlain (stratigraphically underlain) to
the east by quartz lithic pebble conglomerate of unit 8. At the stratigraphic top the felsic
rocks are interbedded with and conformably overlain by black argillite, and quartz-wacke
of unit 10. Broken crystals of quartz and feldspar are common in the felsic volcanic
rocks; quartz crystals may be embayed, and feldpar crystals are partially replaced by
sericite and carbonate. Fissile quartz sericite schists are interpreted as crystal ash tuffs,
whereas the more competent schists are interpreted as flows, or dikes. A U-Pb zircon dat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>