
CHAPTER 1
INTRODUCTION

INTRODUCTION

Gold-quartz vein deposits and their derived placers are
often spatially associated with carbonate±sericite±pyrite al-
tered ophiolitic mafic and ultramafic rocks known as
‘listwanites’. They have historically been of major
socio-economic importance in British Columbia and ac-
count for a large portion of the 50% of the provinces’ gold
production from such lodes (Schroeter et al., 2000). An
amount that would be significantly greater if placer gold de-
rived from such lodes were included. Districts with spatially
associated ultramafic and related ophiolitic rocks that pro-
duced significant gold in British Columbia include the
Bralorne-Pioneer, Erickson and Rossland lode mining
camps, and the Atlin, Cariboo-Barkerville, Dease Lake and
Manson Creek placer camps (Figure 1.1). Examples of sig-
nificant gold producers elsewhere in the North America
Cordillera include the Klondike area, Yukon, the Sierra Ne-
vada metamorphic belt of California and the Alaska-Juneau
deposit in southeastern Alaska (Figure 1.1).

Cordilleran Mesozoic gold-quartz vein deposits have
Archean analogues that are typically referred to in terms of
their age ‘Archean lode gold’, or the nature of their host
rocks ‘greenstone gold’. In a similar fashion one could refer
to the deposits to be discussed as ‘Mesozoic lode gold’ or
‘oceanic lode gold’. Characterizing a deposit type, however,
based strictly on its age or the nature of its host rocks, when
that deposit spans a range of both these characteristics is re-
strictive. Deposits of this type are referred to in many ways,
such as; gold quartz veins or lodes, mesothermal gold,
shear-hosted or shear zone gold, orogenic gold,
syn-orogenic veins, Mother Lode gold, etc. and they all cor-
respond to USGS Deposit Model 36b, low-sulphide
gold-quartz vein classification of Berger (1986). Ash and
Alldrick (1996) provide a more recent deposit description.
These deposits occur primarily as quartz veins, stockworks
or stringer zones in fault, fracture and shear zones (Boyle,
1979) and are typified by the variability of host rocks which
are affected by pervasive carbonatization with localized
sericitization and sulfidation marginal to gold-bearing
quartz veins.

This study was initiated in 1989 to document the rela-
tionship between altered mafic and ultramafic ophiolitic
rocks (listwanites) and their associated gold quartz vein de-
posits in British Columbia. Investigations were conducted
in six lode gold or related placer camps throughout the prov-
ince: Atlin, Stuart - Pinchi Lakes, Rossland, Cassiar
(Erickson), Bralorne and Cariboo-Barkerville (Figure 1-1).
These camps or deposits provided a regional sample set, in-
cluding most significant gold producers in the Canadian
Cordillera. Investigations focused on characterizing the
lithotectonic setting and timing of gold-quartz vein mineral-
ization and relating these to the magmatic and tectonic his-

tory of the host oceanic terranes. We present new, and also
summarize existing, isotopic age data for the individual
camps. Deposits discussed are compared to deposits with
significant gold production in the Sierra Nevada metamor-
phic belt in California and the Juneau Gold belt in Alaska.
Deposit-scale features of the gold quartz veins, such as al-
teration and mineralization styles, and fluid inclusion char-
acteristics have been well documented for most of the
deposits discussed. Such data is summarized throughout for
both completeness and to demonstrate similarities between
the individual deposits.

PREVIOUS WORK

Acompilation of previous work in the camps examined
or reviewed is provided in subsequent chapters, here we
summarize those that are regional in context.

Sutherland Brown et al. (1971) were among the first to
relate metallic mineral deposits of British Columbia to the
lithotectonic subdivisions of the Canadian Cordillera. They
recognized the common association of gold and silver with
Cache Creek terrane hostrocks and suggested that these
metals are related to younger intrusions. Boyle (1979) de-
scribed the general character of these deposits in the West-
ern Cordillera and suggested that they are related to
Mesozoic orogenic activity. Barr (1980) summarized the
geology of many of the significant lode gold mines in the
Canadian Cordillera and provided a synopsis of their min-
ing and production histories.

Hodgson (1982, 1989, 1993) compared the characteris-
tics of British Columbia gold vein deposits to those of
Archean age in the Superior Province of central Canada. He
emphasized the spatial relationship of both lode and placer
gold deposits in the Cordillera with oceanic rocks.

Nesbitt and co-workers (Nesbitt et al., 1986, 1989;
Nesbitt and Muehlenbachs, 1988, 1989; Nesbitt 1988,
1992) studied the isotopic character of mesothermal
vein-forming fluids from several gold camps in the Cana-
dian Cordillera and concluded that the bulk mineralizing
fluids were of primarily meteoric origin. Based on the isoto-
pic data, they proposed a deposit model that invokes deep
circulation of meteoric waters through the crust to the brit-
tle-ductile transition zone from where it is focused upward
along major transcurrent fault zones.

Ash and Arksey (1990b) provided a brief synthesis on
the origin, tectonic significance and ore characteristics of
listwanite-related lode gold deposits in other orogenic belts
and related them to similar deposits in British Columbia.
Panteleyev, (1992) provided an overview of gold deposits in
British Columbia in which he discussed ore genesis, re-
viewed existing deposit models and described many of the
significant deposits. Summaries of the metallogeny of Brit-
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ish Columbia that discuss mesothermal gold-quartz vein de-
posits, include those of McMillan and Panteleyev (1992)
and Dawson et al. (1991).

REGIONAL GEOLOGICAL SETTING

Gold quartz vein or derived placer deposits discussed in
this report are, more often than not, hosted by or in close
proximity to ophiolitic rocks. Ophiolites are obducted,
usually dismembered, remnants of ancient oceanic litho-
sphere consisting mainly of crustal igneous and sub-crustal
metamorphic mantle rocks (Appendix I). In orogenic belts,
like the North American Cordillera ophiolitic assemblages,
occur either as allochthonous, dismembered and imbricated
structural slices that were transported tectonically across
former continental margins, or as imbricated and deformed
slices in the central parts of orogens (Williams and
Talkington, 1977). Examples of the first include the Bay of
Islands ophiolite in western Newfoundland, the Semail
ophiolite in Oman, the Zagros ophiolite in Iran and Slide
Mountain Terrane ophiolitic rocks in British Columbia. Ex-
amples of the second type include central Newfoundland,
the India-Asia Indus suture, the Pindus zone and Cache
Creek and Bridge River Terrane ophiolitic rocks in British
Columbia.

In British Columbia the Slide Mountain and the com-
bined Cache Creek and Bridge River terranes form two dis-
tinct north-trending, discontinuous belts of oceanic rocks
along the length of the Cordilleran orogen, with the Slide
Mountain Terrane along its eastern margin and the Cache
Creek and Bridge River terranes along the core (Figure 1.1).
Both belts of oceanic rocks are separated by, and are also lo-
cally tectonically interleaved with younger Late Triassic to
Early Jurassic basinal sequences of Quesnellia. These are
dominated by Middle to Late Triassic clastic sedimentary
rocks with locally developed Latest Triassic to Earliest Ju-
rassic (Mortensen et al., 1995) calcalkaline to shoshonitic
submarine lava flow, pyroclastic and hypabyssal-plutonic
complexes (Mortimer, 1987; Monger et al., 1991; Struik et
al., 1992; Nelson and Bellefontaine, 1996; Panteleyev et al.,
1996).

Ophiolitic rocks in the Slide Mountain Terrane consist
mainly of rootless nappes and klippen as imbricated and dis-
membered shee t s s t ruc tu ra l ly above d i sp laced
parautochthonous Late Proterozoic to middle Paleozoic
rocks of the ancient eastern North American margin
(Klepacki and Wheeler, 1985; Harms, 1985; Struik, 1986,
1988a, 1988b; Struik et al. 1992; Schiarizza and Preto,
1987; Nelson, 1993; Roback et al., 1994; Ferri, 1997). They
also occur as discontinuous slivers along the faulted contact
between Quesnellia and displaced North American rocks
(Struik, 1988b; Panteleyev et al., 1996). Parautochthonous
continental margin rocks include metamorphosed clastic
sediments and platformal carbonates, which are represented
by the Cassiar and Kootenay terranes. In California analo-
gous continental margin rocks are included in the Northern
Sierra Terrane (Edelman and Sharp, 1989; Saleeby, 1990).
Over the entire length of the orogen these continental mar-
gin sediments are in places overlain and intruded by vol-
cano-plutonic arc complexes that record Late Devonian to

early Mississippian, Late Permian and Late Triassic-Early
Jurassic volcanic events (Edelman and Sharp, 1989; Mon-
ger et al., 1991).

In contrast to the more uniform character of the eastern
belt Slide Mountain Terrane in which ophiolites are the
dominant exotic oceanic rocks , the Cache Creek and Bridge
River Terranes are composite oceanic terranes, in which
ophiolites are also associated with a much more diverse
range of exotic oceanic lithologies that also include; chaotic
chert-argillite deposits, remnant ocean islands and minor
blueschists. Both these terranes are dominated by a late Pa-
leozoic to Early and Middle Jurassic, tectonically disrupted,
chaotic mix of marine pelagic sediments with lesser blocks,
lenses and slivers of ophiolite (Monger, 1977a; Monger et
al., 1991; Ash and Macdonald, 1993; Ash, 1994; Cordey
and Schiarizza, 1993; Schiarizza et al., 1997). Litho-
logically this unit is dominated by argillite/phyllite and rib-
bon chert occurring mainly as mélange and broken
formation with lesser limestone, mafic volcanics and subor-
dinate gabbro and ultramafic rocks.

These lithologically diverse oceanic terranes also in-
clude distinctive associations of late Paleozoic Tethyan-af-
finity limestone and mafic volcanic rocks with ocean island
petrochemical affinity (Monger, 1975; Saleeby, 1990; Ash
and Macdonald, 1993). Blueschist rocks of predominantly
Middle Triassic to Middle Jurassic age contribute an addi-
tional component and are found intermittently, mainly along
the western margin of the central oceanic belt of rocks (Pat-
erson and Harakal, 1974; Paterson 1977; Monger et al.,
1991; Erdmer et al., 1998; Mihalynuk et al., 1999).

Although the two belts of oceanic rocks occur in very
distinctive lithotectonic regimes, the ophiolitic rocks within
both are remarkably similar. They both include dismem-
bered, often imbricated associations of ultramafic mantle
tectonite, ultramafic cumulate, gabbro, diabase and mafic
volcanic rocks (Monger, 1977a,c; Monger et al., 1991). In
each ophiolitic lithologies occur as internally imbricated,
fault-bounded lenses at highly varied scales and levels of
preservation. Though the database is limited, virtually all
isotopically dated ophiolitic crustal plutonic rocks indicate
late Paleozoic, mostly Permian ages of igneous petrogen-
esis. This is the case for dated ophiolitic rocks in the
northern (Gordey et al., 1998) and central (Schiarizza, per-
sonal communication, 2000) Cache Creek and Bridge River
terranes (Leitch, 1990; Leitch et al., 1991; Church, 1995)
and in the southern (Greenwood; Church, 1986) and north-
ern (Cassiar, Gabrielse et al., 1993) Slide Mountain Terrane.
Ophiolitic assemblages also have consistent petrochemical
affinities to abyssal oceanic lithosphere, with characteristic
MORB signatures in northern (Atlin; Ash, 1994) and central
(Stuart Lake; Ash and Macdonald, 1993) Cache Creek and
Bridge River Terranes (Bralorne; Church et al., 1995;
Dostal and Church, 1994) including the Coquihalla Belt
(Ray, 1990). Similar abyssal MORB signatures are also typ-
ical of southern (Greenwood, Dostal et al., 2001 and Rock
Creek, Ash, unpublished data), central (Manson Creek;
Ferri, 1997) and northern (Cassiar; Nelson, 1993; Ash, un-
published data) Slide Mountain Terrane.
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The general abyssal character of the Late Paleozoic
ophiolitic rocks throughout the Canadian Cordillera is fur-
ther confirmed by their general lack of chromite deposits
(Roberts, 1988; Ash, 1994). These rocks typically lack veg-
etation and are usually well exposed. Having been exten-
sively examined for associated mineral deposits like jade
(Leaming, 1978), asbestos (Harvey-Kelly, 1995), chromite
(Hancock, 1990), magnesite (Grant, 1987) and gold, their
absence, due to not yet being identified, seems an unrealistic
factor.

Most plate-tectonic reconstructions presented to ac-
count for geological architecture of the Canadian Cordillera
have traditionally invoked accretion of island arcs and their
related basement terranes to the continental margin during
recognized periods of orogenic activity (Monger et al.,
1982, 1991; Monger, 1984, 1993, 1999; Mihalynuk et al.,
1992; 1994; Ash, 1994; Mihalynuk, 2000). In these terrane
accretion models chaotic chert-argillite deposits that domi-
nate the Cache Creek and Bridge River are interpreted as
Late Triassic accretionary prisms or subduction-related
accretionary complexes, generated by Middle Triassic to
Early Jurassic destruction of the late Paleozoic ocean litho-
sphere. In this model volcanic basinal arc terranes are con-
sidered to have developed somewhere offshore, to be
subsequently accreted to the continental margin during the
Middle Jurassic.

An alternate plate tectonic model proposed by Saleeby
(1990, 1992) and Saleeby and Busby-Spera (1992) suggests
Mesozoic development of the Cordilleran margin involved
formation of extensional fore-arc basins within and upon a
previously tectonized Paleozoic, predominantly oceanic
basement framework that existed along the continental mar-
gin. Belts of younger arc-basinal rocks are viewed as linear
zones of in-situ fore-arc spreading that subsequently were
affected by inter-arc contraction and basinal collapse.

Interestingly, application of the fore-arc extension
model to the Canadian Cordillera offers some compelling
alternatives, which address some of the outstanding pitfalls
of current plate tectonic models. Previous plate tectonic re-
construction to account for ophiolitic rocks in the Slide
Mountain terrane have argued for their development in a
back-arc basin setting (Monger et al., 1991; Nelson, 1993;
Nelson and Mihalynuk, 1993; Mihalynuk et al., 1994;
Roback et al., 1994; Ferri, 1997). Amajor problem with this
scenario involves an adequate explanation for the consump-
tion or destruction of the Slide Mountain ocean basin. Sug-
gestions (Nelson, 1993) for a relatively narrow back-arc
basin to account for this ambiguity contradict all available
petrochemical data for Slide Mountain metabasaltic rocks
which consistently indicate an abyssal (MORB)
paleotectonic environment of formation.

An alternate explanation that avoids some of the previ-
ous tectonic pitfalls and also accounts for the similarity of
the ophiolitic rocks in each belt is to eliminate the Slide
Mountain as part of a separately formed oceanic basin dis-
tinct from Cache Creek (Figure 1.2). In this model all these
late Paleozoic abyssal ophiolitic rocks throughout the Cor-
dillera are considered as parts of the same Late Paleozoic
ocean basin. Portions of which were obducted onto the con-

tinental foreland in latest Permian-earliest Triassic (Slide
Mountain) and portions of which remained as basement
along the oceanward side of the Mesozoic continental mar-
gin (Cache Creek and Bridge River).

The intervening Late Triassic-Early Jurassic sedimen-
tary-volcanic rocks of the Quesnel Terrane which separates
these two belts of ophiolitic rocks could readily be inter-
preted from existing data as a fore-arc basin sequence. Its
development resulting in the Mesozoic separation of the
once semi-contiguous oceanic crust.

This alternate view for the origin of Slide Mountain
ophiolitic rocks also offers an alternate interpretation for the
Harper Ranch Terrane (Monger et al., 1991, Nelson, 1993;
Ferri, 1997, Dostal et al., 2001). Harper Ranch Terrane
rocks consist of Late Permian continental arc-volcanics de-
posited primarily on Early Paleozoic continental margin
sedimentary rocks. These are generally found tectonically
intercalated with Slide Mountain Terrane and older conti-
nental margin sediments and volcanics. The traditional in-
terpretation is that the Late Permian arc-volcanics were
deposited above a rifted portion of the continental margin,
which migrated westward in response to Slide Mountain
basinal development. The need to interpret this as a rifted
portion of the continent, and hence its designation as a sepa-
rate terrane has been to explain Slide Mountain ophiolitic
rocks as a separate ocean basin. In this alternate view the
Late Permian continental arc volcanic rocks could be inter-
preted to have formed along the continental margin due to
Late Permian, easterly directed subduction. Late Permian
subduction would be a necessary precursor to Late Perm-
ian-Early Triassic tectonic emplacement of the Slide Moun-
tain oceanic lithosphere as processes of obduction are
considered to be linked to active subduction. Cessation of
continental arc-volcanism and sedimentation in the Late
Permian, also the youngest age of ophiolitic rocks in the
Slide Mountain Terrane are also consistent with this sce-
nario.

Although a Middle Jurassic obduction age for Slide
Mountain ocean crust is generally advocated (Schiarizza
and Preto, 1987; Harms, 1989; Struik et al., 1992, Nelson
and Bradford, 1993; Murphy et al., 1995; Ferri, 1997) there
is a range of available evidence to suggest that the Slide
Mountain terrane was most likely emplaced during the Late
Permian-Early Triassic Sonoma orogeny (Siberling, 1973).
The most compelling evidence for this period of emplace-
ment is the relationship between the youngest age of the
obducted crust relative to the age of the youngest sedimen-
tary units underlying it. Nowhere is the Slide Mountain
ophiolitic assemblage defined as being any younger than
Late Permian and nowhere does it overlie rocks younger
than that age. This relationship suggests a tectonic emplace-
ment or ‘obduction’ age of latest Permian to earliest Trias-
sic.

East verging structures of latest Permian to earliest
Triassic age have been described in Slide Mountain Terrane
rocks by Monger (1977) and Monger et al., (1991) (Saleeby
and Busby-Spera, 1992). Thrusting of that age is con-
strained by a Late Permian tonalite intrusion which
cross-cuts a bounding thrust fault near the southern end of

4 British Columbia Geological Survey



the Sylvester Allochthon in the Rapid River area of northern
British Columbia (Harms, 1985; Gabrielse et al., 1993),
which clearly suggests some component of pre-Triassic
tectonism within the ophiolitic assemblage rocks.

Further south in the Eureka Peak area of east central
British Columbia the basal sedimentary component of the
Middle Triassic black phyllite unit of the Quesnel Terrane
contains micaceous quartzite suggesting continental margin
derivation (Bloodgood, 1990). These continental margin
sediments display both concordant and discordant contact

relationships with the underlying Crooked Amphibolite,
which is a correlative of the Slide Mountain Terrane.

Several significant field relationships recently dis-
cussed by Dostal et al. (2001), for the Greenwood region of
southeastern British Columbia, when interpreted differ-
ently, offer compelling evidence for such a viewpoint. The
Lexington Porphyry is a ca.200 Ma (Dostal et al., 2001;
Church, 1992) narrow elongate body that intrudes mainly
serpentinite along a flat-lying thrust fault within imbricated
abyssal, late Paleozoic ophiolitic rocks of the Knob Hill As-
semblage (Fyles, 1990). This relationship clearly supports
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some component of a previously tectonized oceanic base-
ment.

The recognition of similar geochronologic and struc-
tural-stratigraphic relations in the Sierra Nevada belt of
Northern California in which Late Triassic-Early Jurassic,
arc-related plutonic complexes intrude previously accreted
late Paleozoic oceanic basement rocks led to questioning
the concept of island arcs being accreted during the Late Ju-
rassic Nevadan orogeny (Dilek et al., 1990; Edelman, 1990;
Saleeby, 1990, 1992).

Dostal et al. (2001) also discuss the tectonic signifi-
cance of the Middle Triassic (Ladinian) Brooklyn Forma-
tion (Church, 1986, Fyles, 1990). This comprises a
chert-pebble (sharpstone) conglomerate basal sequence
grading upward into a siltstone supported polymictic sedi-
mentary breccia containing rounded to angular clasts of
chert, gabbro, basalt and limestone. This relationship of
ophiolitic sharpstone conglomerate of Middle Triassic age
deposited unconformably on deformed and imbicated late
Paleozoic ophiolitic basement clearly supports obduction of
Slide Mountain ophiolitic rocks prior to the Middle Triassic.
These immature conglomerates most likely represent depo-
sition of previously obducted oceanic crust during the early
stages of fore-arc extension related to initiation of the
Quesnellia basinal sequence.

It is of note that in the Greenwood area, where Slide
Mountain Terrane rocks have been mapped in the most de-
tail (Church, 1986; Fyles, 1990) they provide geological re-
lationships that are possibly better explained by the fore-arc
extension, intra-arc contraction model as opposed to the tra-
ditional terrane accretion model (Dostal et al., 2001). Evi-
dence that either supports or contradicts such a view farther
north along the Slide Mountain Terrane is lacking as con-
tacts are generally poorly exposed, and where identified, are
mainly tectonic.

The intent of the foregoing discussion is not to critique
existing plate-tectonic models or even introduce alterna-
tives. It is simply meant to demonstrate that at the current
level of understanding there are alternative explanations for
development of the Cordilleran margin. This is an important
realization, considering the recent emphasis to assign
paleo-tectonic environment(s) of formation to gold-quartz
veins (Kerrich and Cassidy, 1994; Haeussler et al., 1995;
Groves et al., 1998; Goldfarb et al., 1998; Kerrich et al.,
2000).

It is particularly intriguing that the fore-arc extension
model in t roduces more of a pre-pla te tec tonic ,
eugeosynclinal flavor to the development of the Mesozoic
Cordilleran margin. Application of plate tectonics concepts
to Cordilleran geology might not be such a complete change
from ‘geosynclines to crustal collage’, as is commonly en-
visaged (Monger, 1993; 1999).

Undoubtedly, the current configuration of the Canadian
Cordillera evolved through alternating stages of oce-
anic-continental margin interactions ranging from periods
of transform to oblique subduction style plate-tectonic pro-
cesses. The prevalence of truly exotic accreted elements
from those that developed in situ, either within or along the
Cordilleran margin during its Mesozoic evolution is a ques-

tion of more detailed examination. Any reconstruction of
the continental margin during the Late Paleozoic must ulti-
mately address relative amounts of lateral and vertical trans-
lation that has affected these rocks both along and across the
margin sense that time.

Irrespective of its historical mode of construction, the
Cordilleran in its present architecture, for the purposes of
this discussion, contains ophiolites with associated
gold-quartz vein deposits which occur in two very distinct
lithotectonic regimes. These are: 1) an eastern regime,
which is dominated by lithologies with parautochthonous
ties to the North American ancestral margin, and assem-
blages within it which are usually bounded by relatively
flat-lying, low-angle thrust faults; and, 2) a western regime
dominated by late Paleozoic abyssal oceanic and lesser con-
tinental arc-rocks that are tectonically interleaved with Me-
sozoic and younger submarine basinal sedimentary and
volcanic-arc sequences. In contrast to the eastern
lithotectonic regime major bounding structures in the west-
ern belt are more often characterized by high-angle cryptic
faults.

The rational for this major, regional east-west subdivi-
sion of the Cordillera is expanded upon and related to as-
pects of gold-quartz vein deposits in the concluding chapter
following a presentation of data for the individual deposit
areas.

In descriptions of the various oceanic terranes in B.C. a
number of inconsistencies in the nomenclature are applied
to similar geological units for the widely separated regions
with similar rocks. Terminology that best describes the
lithotectonic elements is used in this report. Existing geo-
graphic names are generally retained, but their generic roots
(e.g. formation, group) have been changed in some cases to
reflect what is considered to be their essential character, and
to establish a uniform and consistent nomenclature based on
accepted usage in descriptions of accreted oceanic terranes.
The terms adopted here are consistent with those applied to
the accreted elements of the Semail ophiolite belt in Oman
by Lippard et al. (1986). The designations ‘assemblage”
and ‘complex’ are used as follows:

An ‘assemblage’ is an allochthonous structural unit
composed of several thrust slices of the same or closely re-
lated rock units occurring at the same general structural
level.

A ‘complex’is one or more thrust slices of largely unre-
lated rocks brought together by tectonic processes” (Wil-
liams, 1975).

The informal term ‘assemblage’ is used as a collective
term to substitute in some instances for ‘group’ names that
have been used in the past. Terms such as ‘group’ and ‘for-
mation’, which imply principles of stratigraphic continuity
and superposition, cannot be rigidly applied to accreted oce-
anic terranes, which are constructed primarily by tectonic
processes. We acknowledge that primary stratigraphic se-
quences may be locally preserved.

SCOPE OF PROBLEM AND APPROACH

Discussion of this deposit type is complicated by recent
and historic differences of opinion regarding their origin.
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These complications are further compounded by fundamen-
tal advances in the understanding of the origin and mode of
emplacement of their host rocks (Figure 1.2), advances
which evolved completely independent of any consider-
ation of lode gold associations. Undoubtedly, confusion
concerning the geological setting of gold-quartz veins has
been a factor in the inability to place definitive constraints
on their origin.

Possibly no other mineral deposit type has been studied
so intensely and generated as much controversy as to the na-
ture of its origin. Boyle (1979) details the history of pro-
posed origins prior to the renewed period of exploration and
research interest spurred by the precipitous increase in the
value of gold early in 1980 (Figure 1.2). Unlike previous
gold rushes that were initiated by significant gold discover-
ies, this one resulted from a precipitous increase in the
metal’s monetary value. The proposed origins of the miner-
alizing fluids including: magmatic, metamorphic, meteoric
and mantle sources were revived during the 1980s and un-
derwent the scrutiny of modern day analysis which focused
on constraining the nature and source of mineralizing fluids.
These data showed that there is a remarkable consistency in
the composition and physical character of the mineralizing
fluids irrespective of age or geographic location.

Consensus on a genetic model relating to the source of
the ore fluid or tectonic environment of formation and the

gold remains divided (Perring et al., 1987; Hodgson, 1990;
Kerrich, 1991, 1993; Jai and Kerrich, 1999; Groves et al.,
1998; Ridley and Diamond 2000).

An additional obstacle in discussing Mesozoic gold
quartz vein deposits is the general uncertain understanding
of their host rock origins and emplacement histories. Even
though the origin of the deposit would remain a matter of de-
bate, the origin and interpretation of the host rocks, histori-
cally a matter of controversy, has undergone some
fundamental conceptual changes due to the advent of plate
tectonics, circa early 1970 (Coleman, 1977). Associations
of mafic and ultramafic rocks along continental margin mo-
bile belts became recognized as remnants of older oceanic
crust and underlying mantle (ophiolites) which were
emplaced tectonically during continent-continent or
arc-continent collision processes. They were not intruded
into the accreted package as previously advocated (Figure
1.2).

Although the ‘ophiolite model’ as initially defined in
1972 evolved to attain consensus (Gass, 1980, 1990), it has
not been widely applied when considering the setting and
origin of gold-quartz vein deposits in the North American
Cordillera. Reasons for the delay in applying the ophiolite
model can be attributed to several factors. Firstly, ophiolite
research has traditionally focused on describing primary
processes of oceanic crustal development. Studies have
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concentrated on the better-preserved, relatively coherent
ophiolites such as Troodos in Cyprus, the Semail in Oman,
and the Bay of Islands in Newfoundland. For these intensely
studied and well-documented ophiolites there are no known
gold-quartz veins. Mineral deposit studies related to
ophiolites have focused almost exclusively on primary de-
posits such as volcanogenic massive sulphide or chromite.

Secondly, the majority of the exploration and research
geologists working on gold-quartz veins through the 1980s
were not schooled in ophiolite geology. Though achieving
general consensus amongst ophiolite researchers, during
the 1980s developing ophiolite concepts were not broadly
disseminated. In addition, for the preceding 20 years most
research and exploration attention in British Columbia had
focused on porphyry deposits in volcanic-arc terranes. Most
of the renewed exploration and research interest during the
1980s focused on older mining camps with historically sig-
nificant placer or lode gold production. Published geologi-
cal descriptions and maps available for the majority of these
areas portrayed pre-plate tectonic concepts to characterize
relationships between the ultramafic and mafic lithologies
associated with the gold-quartz veins. These views so well
entrenched in the literature were largely maintained in prac-
tice and as a result, the tectonic and inherent economic sig-
nificance of the carbonate-altered ophiolitic rocks were not
always recognized. The relationship between gold-quartz
veins and ophiolitic rocks is more completely documented
in this report.

Problems in communicating advances in the under-
standing of these rocks have been further perpetuated by use
of various definitions in English language geological dictio-
naries, that have maintained the pre-plate tectonic concept.
In light of these problems of terminology a brief overview of
the history and current day understanding of the term
‘ophiolite’ is provided in Appendix I. This overview is not
comprehensive but provides appropriate references for
more information on individual aspects of the subject.

An additional problem in nomenclature relates to the
word listwanite. Originally a Russian term it has been used
in varying ways to describe alteration assemblages in
ophiolitic gold vein hostrocks. Current definitions for this
term are either significantly lacking or even misleading as
defined in most geological dictionaries. For this reason the
variation of prevailing meanings are reviewed and an at-
tempt is made to more accurately characterize these terms
(Appendix I).

When introducing gold deposits and their subdivision
into classes, Boyle (1979, page 89) began by stating;

“The following summary of gold deposits differs some-
what from the commonly accepted classification given in
most textbooks on economic geology. This departure may or
may not be justified, but it is the writer’s opinion that a clas-

sification based on the geological and geochemical setting
of gold deposits is much more valuable than any based on
their origin be it magmatic, hydrothermal, sedimentary or
otherwise. It seems best to state objectively in what types of
rocks and structural settings deposits occur. With this
clearly set down and a knowledge of the geochemistry of the
deposits, it may be possible to discern their origin and more
importantly, to predict the environment where one may
prospect for similar deposits.”

Simply put, it would seem much more informative, par-
ticularly from an exploration standpoint, to understand not
so much where the mineralizing fluids come from, but
where they end up and why and what controls their distribu-
tion. The general approach as expressed by Boyle is in many
aspects similar to that taken in this report except that the de-
posits herein are viewed within a modern day plate-tectonic
framework. Comparisons are made only between Mesozoic
deposits of the North American Cordillera.
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