
CHAPTER 9

SUMMARY AND CONCLUSIONS

INTRODUCTION

Aspects of gold-quartz vein deposits discussed in pre-
ceding chapters are first considered in terms of their host li-
thology and tectonic setting. Deposits are compared to
highlight consistent features that characterize the mineral-
ization, and to provide exploration criteria for identifying
similar gold-quartz vein deposits elsewhere. Following this
an attempt is made to characterize the paleo-tectonic envi-
ronment of formation on the basis of relative age relation-
ships between mineralization, magmatism and tectonism.

Determining the detailed geological character of host
rocks for most of the significant gold producing deposits in
California and Alaska required the use of older classic
works for the individual camps (Figure 1.2). In addition to
providing detailed lithological descriptions and contact re-
lationships, these works also provided an overwhelming
amount of data on the details of vein relationships. From
these early descriptive works, some of the salient features
are summarized in Appendix III.

HOST LITHOLOGY

On the basis of host lithologies, the major producing
gold-quartz vein deposits in the North American Cordillera
(Figure 8.1) can be subdivided into two main types (Figure
9.1). In the first type the veins are hosted almost exclusively
by oceanic igneous crustal rocks, or ‘ophiolitic-hosted gold
veins’. In the second type veins occur in sequences of alter-
nating mafic igneous rocks and slate, or ‘mixed mafic igne-
ous-sedimentary-hosted gold veins’.

OPHIOLITE-HOSTED GOLD VEINS

A simplified pseudo-stratigraphic oceanic crustal sec-
tion illustrates the generalized character of host lithologies
for the deposits (Figure 9.1). Figure 9.1a portrays host rock
assemblages in their pre-accreted context to illustrate rela-
tive positions and the overall consistency of the plutonic,
diabasic (hypabyssal) and volcanic units that are common to
many of the host differentiated igneous suites. Undoubtedly
the effect of tectonic dismemberment during accretion of
the crust (i.e., obduction), in addition disruption by subse-
quent faulting, will modify this primary pseudo-stratigra-
phy (Appendix 1).

Late Paleozoic, mainly Permian abyssal ocean crust is
the predominant host rock for most of the ophiolitic deposits
in the North American Cordillera. These include; Bralorne,
Cassiar, I.X.L.-Midnight, Snowbird and Alleghany, as well
as proposed gold source rocks for the Atlin, Barkerville and
Klondike placers. Both Grass Valley and Rossland are
hosted by Late Triassic-Early Jurassic extensional fore-arc
igneous sequences with a likely transitional setting from
suprasubduction regime to arc affinities.

Ophiolitic host rocks are all emplaced tectonically as
competent, fault-bounded lenses or blocks that exhibit vari-
ous levels of preservation. When gold production from indi-
vidual deposits is examined in terms of host lithologies it is
evident that the larger, better-preserved sections of compe-
tent igneous plutonic to hypabyssal crust are the most pro-
lific hostrocks (Figure 8.1). This is a function of their
relatively large size and structural competency that result in
development of horizontally and vertically persistent
vein-bearing fissures. The most productive lode gold camps
in both British Columbia (Bralorne-Pioneer) and California
(Grass Valley) demonstrate this (McCann, 1922b). Veins at
B r a l o r n e - P i o n e e r a r e h o s t e d i n t h e g a b b r o -
trondhjemite-diabase portion of the late Paleozoic, abyssal
Bralorne ophiolite (as defined in Chapter 4). Similarly, gold
veins at Grass Valley are hosted in the gabbro-
granodiorite-diabase section of the Lake Combie complex.
The second largest lode gold producer in British Columbia,
Rossland, is an additional example in which vein fissures
are hosted by the plutonic to hypabyssal, Rossland
monzonite and Rossland sill. In other areas where the igne-
ous crustal portions are less complete, such as at Cassiar,
I.X.L.-Midnight or Alleghany and the Klamath Mountains
region of northern California (Elder and Cashman, 1992),
the veins have comparatively limited continuity.

Ultramafic Rocks

Ultramafic rocks have been long recognized for their
spatial association with gold occurrences (Lingdren, 1896,
1928 ) . Such an as soc i a t i on i s common fo r a l l
ophiolite-hosted deposits. Some igneous crustal blocks
such as at Bralorne, Grass Valley and I.X.L.-Midnight are,
in part, fault bounded against listwanite-altered ultramafic
rocks. In other camps such as Cassiar and Alleghany, altered
ultramafic rocks occur as attenuated lenses along
imbricating shear zones.

The genetic association between ultramafic rocks and
gold quartz vein deposits has been a topic of debate for some
time. Ferguson and Gannett (1932, page 76) made a signifi-
cant observation regarding ultramafic rocks as a gold
source;

“Another objection to this hypothesis is the presence of
a variety of sulphide minerals, such as tetrahedrite, chalco-
pyrite, jamesonite, sphalerite, and galena, which are also
later than the quartz and whose introduction was about con-
temporaneous with that of the gold, although they are not
everywhere closely associated with the gold and may be
abundant where high-grade ore is absent. Such sulphides,
being common to all veins of this type in the Sierra Nevada
region, both in California and in Nevada, cannot be geneti-
cally connected with serpentinite, and therefore at about the
time of the introduction of the gold there must have been an
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Figure 9.1. Schematic representation of host lithologies and tectonic setting of gold quartz vein deposits in the North American Cordillera.
a. Pseudo-stratigraphic section of host lithologies in their pre-accreted setting. b. Structurally imbricated oceanic crustal lithologies in their
post accreted setting. c. General lithological character of mixed mafic igneous-sedimentary hosted deposits.



association of minerals of hypogene origin from some
source outside the serpentinite.”

Ultramafic rock as a gold source has been suggested
more recently (Buisson and Leblanc, 1985, 1986, 1987;
Wittkopp, 1983). The significance as a CO2-sink and a
source of iron during fluid-rock reactions may also play
some part in triggering gold deposition (Kerrich, 1983). Fer-
guson and Gannett (1932) were impressed with the physical
effects of bending and increased fracturing of veins on ap-
proaching serpentinite bodies. Whether ultramafic rocks are
a source of gold, or a favourable lithology for promoting its
deposition, due to some combination of chemical reactions
and structural preparation remains unresolved. There is,
however, a well established relationship that the richest and
most spectacular gold ore in Phanerozoic deposits is almost
everywhere found in quartz veins associated with, or in
close proximity to carbonatized ultramafic rocks. In British
Columbia this relationship is well documented at
Bralorne-Pioneer (Cairnes, 1937; Barr, 1980), Rossland
(Fyles, 1984), Cassiar (Boronowski, 1988), Snowbird
(Game and Sampson, 1987a), Atlin (Bloodgood et al.,
1989a; Rees, 1989) and the Carolin Mine (Ray, 1990). A
similar relationship is also well documented for California
gold vein deposits; Alleghany (Ferguson and Gannett,
1932; Wittkopp, 1983; Böhlke and Kistler, 1986; Coveney,
1981; Böhlke, 1989); Grass Valley (Johnston, 1940) and in
the central Mother Lode belt (Knopf, 1929).

Ophiolitic ultramafic rocks do however, offer signifi-
cant tectonic constraints. As remnants of lower oceanic
crust or upper mantle their exposure at surface along
accreted margins delineate deep transcrustal fault zones.
They therefore identify the first-order control for the devel-
opment of such deposits, a major crustal break or terrane
boundary (Ferguson and Gannett, 1932; Barr, 1980; Phillips
and Groves, 1983; Roberts, 1987; Hoffman, 1990; Kerrich
and Wyman, 1990). Where ultramafic rocks along these
faults are converted to listwanite they further define deep
crustal structures that have channeled large volumes of
CO2-rich hydrothermal fluids. In this respect listwanite-al-
tered ultramafic rocks represent a first order exploration
guide to this deposit type.

Ultramafic rocks are, in general not receptive to the de-
velopment of gold-quartz veins (Cairns, 1937; Ferguson
and Gannett, 1932; Stevenson, 1936). Veins with exceed-
ingly rich gold ore are, however, commonly hosted by tec-
tonic blocks of mafic igneous crustal rocks that are proximal
to listwanite-altered ultramafic rocks. It is likely that excess
effort has been directed over the past two decades in focus-
ing exploration activity directly on occurrences of
listwanite. A reassessment of host rocks with elevated gold
values in the general area of listwanite-altered ultramafic
rocks may prove more rewarding economically. Most nota-
bly this should be done where there is an association with
“tectonic” fault bounded, mafic to felsic oceanic crustal
rocks.

Importantly, significant gold-quartz vein deposits all
tend to have associated listwanite, but there are also
listwanites with no associated gold. Whether or not the fos-
silized hydrothermal fluid zone contained economic con-

centrations of metals, or that it was formed at crustal levels
amenable to deposition of such metals is a question for de-
tailed examination. Any examination should focus on
quartz veins with associated hydrothermal micas and
sulphides within broader carbonate alteration haloes.

MIXED MAFIC IGNEOUS-SEDIMENTARY
SEQUENCES

Most of the significant producing veins of the Mother
Lode belt and those at the Alaska-Juneau mine belong to this
category of mixed mafic igneous-sedimentary sequences.
The lithologic and tectonic setting of these two regions with
productive gold-quartz vein deposits display remarkable
similarities. Host lithologies at both include steeply-in-
clined, intercalated sequences of slate and mafic igneous
lithologies (Figure 9.1a and 9.1c). Mother Lode deposits oc-
cur within Late Jurassic successions of alternating 60 to 200
metres wide intervals of greenstones (augite-phyric brec-
cias and tuffs) and slates (Knopf, 1929). Mafic lithologies at
the Alaska Juneau deposit consist of amphibolitized
gabbroic dikes from several metres to several hundred
metres thick with intervening screens of slate with a compa-
rable range in thickness. In both areas quartz in the form of
‘stringer lodes’ (Knopf, 1929) or ‘stringer leads’ (Spencer,
1906) characterize veining in sediments. The sedimentary
gold vein host rocks in both areas consist of Mesozoic
basinal sedimentary sequences of siliceous limey mudstone
or siltstone metamorphosed to slates and phyllites, which
are often graphitic.

In the Mother Lode, ‘grey ore’ (Knopf, 1929) or ‘im-
pregnated ore’ at Alaska-Juneau (Spencer, 1906) also con-
tributed to gold production. In this style of mineralization
gold is invisible and occurs with sulphides (4-8%) in perva-
sively carbonate-sericite±albite altered mafic igneous coun-
try rock, which is usually net-veined by quartz±
carbonate±albite.

The best example of this catagory in British Columbia
is along the Coquihalla gold belt in the southwestern portion
of the province (Ray, 1990). Gold mineralization occurs
mainly in sedimentary rocks of the Late Jurassic Ladner
Group near its western contact with the late Paleozoic
Coquihalla serpentinite belt along the East Hozameen fault.
It also occurs in late Paleozoic, abyssal Spider Peak basalts,
and several gold occurrences are associated with albite-rich
felsic dikes that intrude Ladner Group sediments. Styles of
mineralization vary from discrete quartz±carbonate veins to
irregular quartz breccias and stringer zones to broad zones
of pervasive alteration with invisible gold in sulphides.

Virtually all the gold production has been from deposits
within 200 metres of the East Coquihalla serpentinite belt.
Most of this gold was from the Carolin Mine (MINFILE No.
92HNW003 & 007), which from 1982 to 1984 produced
1354 kilograms of gold from 799 199 tonnes of ore, indicat-
ing an average recovered grade of 1.7 g/t. Ore zones at the
mine are up to 30 metres thick within the more competent,
coarse clastic Ladner Group sediments along the thickened
hinge-regions of upright folds. Gold is not visible and oc-
curs in association with pyrrhotite, pyrite and arsenopyrite,
collectively comprising from 6 to 8 % of the pervasively al-
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bite-carbonate-sericite altered host and is best characterized
as ‘replacement ore’ (G. Ray, personal communication,
2000). Significantly, the only native gold from the
Coquihalla gold belt was found at the Aurium Mine in tal-
cose shears along the East Hozameen fault immediately ad-
jacent to the serpentinite belt.

Lode gold deposits of the Barkerville camp are also in-
cluded in this category. Although having a different orienta-
tion and not interlayed as in the above examples, a similar
lithologic association is evident, but on a relatively larger
scale. Gold quartz veins are hosted in sediments below
amphibolitized mafic igneous rocks. The limited vertical
extent of the ore zone follows and also dissipates down-
ward, away from the inferred low angle tectonic contact be-
tween Slide Mountain ophiolitic assemblage and North
American margin sedimentary units. The distinctive charac-
teristic of massive pyritic lenses at Barkerville may well re-
flect more the presence of limestone beds in this particular
stratigraphic sequence of metasedimentary rocks.

On the basis of these consistent lithologic relationships
one can conclude that where metamorphosed, variably cal-
careous, fine-grained siliclastic metasediments are associ-
ated with listwanite-altered mafic igneous rocks there is
potential for gold-enriched quartz veins and vein marginal
alteration zones. The best environment appears to be one in
which hostrock successions are interlayered and steeply
dipping (Figure 9.1c). Gold vein deposits in similar sedi-
mentary rocks without a mafic igneous association are un-
known in the North American Cordillera. Importantly, all
productive deposits of this type are close to terrane bound-
ary faults.

It is also apparent that these mixed mafic igneous-sedi-
ment-hosted vein deposits are of comparatively lower gold
grade than deposits hosted by oceanic igneous crustal rocks.
The average grade of the Alaska Juneau deposit at 1.34 g/t
(0.04 ounces/ton) is only slightly lower than that of the
Carolin Mine at 1.7 g/t. The grade of the sediment hosted de-
posits along the Mother Lode belt is difficult to establish di-
rectly due to the diversity of rocks along the belt, however,
Knopf (1929) described the gold grade of the belt as a whole
as being low to moderate, with an average grade of 10.6 g/t
($7.00/ton or 0.31 ounces/ton). In contrast gold-quartz vein
mineralization hosted by oceanic igneous crustal rocks are
dominated by more continuous vein fissures with gold
grades averaging 17+ g/t (0.5 ounces/ton). Where igneous
crustal rocks are closely associated with ultramafic rocks
gold grades can be on the order of several thousand grams
per tonne (100+oz/t).

It has been recently promoted (Goldfarb et al., 1998;
Bierlein and Crowe, 2000) that gold vein deposits of
Phanerozoic age are hosted predominantly by oceanic sedi-
mentary rocks. Such a characterization is misleading and in
clear contradiction with the gold-quartz vein hostrock rela-
tionships described here. In many instances the deposits are
either hosted predominantly by mafic igneous rocks and for
the deposits where fine calcareous sediments are present as
host lithologies, mafic igneous rocks are also present in
roughly equal amounts.

It is compelling to point to a discussion by Knopf
(1929) when describing the prominent host rocks for gold
veins along the Mother Lode belt as;

“black slate with subordinate greywacke and conglom-
erate associated and interbedded with large amounts of
greenstone”.

He noted that the prominent mafic volcanic component
of the Mariposa Formation had been largely disregarded in
previous unit descriptions (Knopf, 1929, p.12);

“In the gold belt folios the Mariposa Formation is gen-
erally described as being composed of black slate, or “clay
slate”, with locally varying amounts of sandstone and con-
glomerate.” The igneous rocks, although commonly pre-
dominating in volume, are not included, and this omission
illustrates the cavalier treatment that the igneous rocks for-
merly received in stratigraphic geology”.

Folios are map series that were produced for the gold
fields of California throughout the late 1800’s.

LITHOTECTONIC SETTING AND

RELATIONSHIP TO PLACER GOLD

DEPOSITS

Significant placer gold camps in the Canadian Cordil-
lera such as Barkerville, Atlin and the Klondike are most
often found within erosional windows through regionally
extensive, flat-lying terrane-bounding suture zones. In all
major Canadian Cordilleran placer camps, hangingwall
lithologies are often dominated by ophiolitic assemblage
rocks. Two of the largest placer camps (Barkerville and
Klondike) reside immediately below, or in close proximity
to terrane bounding sutures between Slide Mountain
o p h i o l i t i c a s s e m b l a g e a n d N o r t h A m e r i c a n
metasedimentary rocks. The setting of both placer and re-
lated lode deposits of the Barkerville camp has been previ-
ously discussed (chapter 6). In the Klondike area Slide
Mountain Terrane rocks consist mainly of serpentinite,
carbonatized serpentinite and talc-carbonate schist with
lesser gabbro and mafic volcanic rocks. These rocks are re-
gionally distributed as isolated klippen that are dissected by
the placer creeks Figure 9-3 (Mortensen, 1990). One can
readily infer from the regional geology that an ophiolitic
slab and basal suture zone originally occurred proximal to
the productive placer creeks. Gold veins have not been iden-
tified within the ultramafic rocks, which is consistent with
their characteristic lack of gold-vein development. One can
reasonably infer from the typical setting of the richest gold
veins residing in crustal igneous rocks adjacent to carbon-
ate-altered ultramafic rocks that the most reasonable envi-
ronment for the development of coarse, native gold would
have been spatially associated with these listwanite-altered
ultramafic rocks within pre-erosional ophiolitic crust.

Both placer camps are well known for coarse nugget
gold, yet a compatible lode gold source has not been identi-
fied at either locality. Situated midway between these two
camps, the Cassiar gold camp shares a comparable
lithotectonic setting (Chapter 7). In this area the gold
vein-bearing ophiolitic crustal component has not been
completely removed by erosion and productive veins with
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occasional nugget gold are still present. But where it has
been eroded, related placer gold is present.

In the Atlin camp, placers reside below an intensely
carbonatized, flat-lying thrust fault that separates hanging
wall ophiolitic assemblage rocks from disrupted footwall
chert-argillite mélange (chapter 2). Known gold-quartz
veins occur consistently within or marginal too this flat-ly-
ing carbonatized thrust fault and the placer gold is found be-
low the projected trace of this fault where it has been
removed by erosion.

Within all of these coarse, gold-rich placer camps there
is a conspicuous absence of representative plutonic to hypa-
byssal oceanic crustal rocks. It may be readily inferred from
the presence of mafic oceanic crustal volcanic and ultra-
mafic rocks in these placer areas, that a plutonic hypabyssal
component was also previously present. This relationship
indirectly supports the significance of such rocks as prime
gold vein hosts.

This regional lithotectonic relationship suggests that
gold-rich lode deposits of this type will be found where
ophiolitic crustal mafic to felsic igneous lithologies in tec-

tonic contact with listwanite altered ultramafic rocks have
not been removed by erosion. It is evident that exploration
efforts for placer gold sources is better expended on the ba-
sis of an understanding of the litho-tectonic setting of the
placer source. History has proven that the mere presence of
gold-rich gravels probably has little relation to sources im-
mediately beside or below them. The consistent vertical
depth of these deposits below the sutures suggests that
within this limited distance placers still remain near surface
and thus have been identified. Below this level of crustal
erosion such deposits become buried and dispersed.

Other areas in British Columbia with historically sig-
nificant placer gold production include the Dease Lake
(Holland, 1950; Gabrielse et al., 1979; Gabrielse, 1994) and
Manson Creek camps (Holland, 1950; Ferri and Melville,
1994; Ferri, 1997). These placer areas are also associated
with ophiolitic assemblage rocks at terrane boundaries.
These placer camps have not been evaluated in this study
and the relationship between the lithotectonic setting of the
ophiolitic rocks and the placers is undefined.
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PALEO-TECTONIC ENVIRONMENT OF

FORMATION

Although there is general consistency in lithological as-
sociations, there are apparent major differences between the
inferred tectonic environments of vein formation. When
ages of mineralization, as constrained by isotopic age data
for hydrothermal activity, are compared to the geological
history of the host rocks (Figure 9.3 and 9.4), an apparent
twofold subdivision is evident. One group, termed ‘Late
syn-orogenic’, appear to have formed during restricted peri-
ods immediately following a major orogenic event and of-
ten display a close spatial and temporal association with
high-level felsic intrusions. Another group, termed ‘ appar-
ent anorogenic’, in direct contrast appear to form during tec-
tonically dormant periods, and tend to lack coeval
high-level intrusions.

LATE SYN-OROGENIC GOLD-QUARTZ VEINS

Many of the gold-quartz vein deposits discussed fall
into this category and include; Bralorne, Carolin, Snowbird,
Atlin, Rossland, Alaska-Juneau and most likely those in
California. Coincident formation subsequent to post
orogenic activity in most instances is indicated by combined
magmatic, metamorphic and stratigraphic relationships.

Three of the deposits, Atlin, Snowbird and Rossland
are synchronous with regionally-extensive Middle Jurassic
orogenic activity. California gold-quartz veins appear to
have formed following the Late Jurassic Nevadan orogeny
(Landefeld, 1988, Edelman and Sharp, 1989). Younger
mid-Late Cretaceous orogenic activity coincides with the
timing of vein development at Bralorne and possibly
Carolin (G. Ray, personal communication, 2000), whereas
those at Alaska-Juneau follow Early Eocene orogenic activ-
ity.

Most of these late syn-orogenic gold-quartz vein de-
posits share a close spatial and apparent coeval relationship
with high-level felsic intrusions. These intrusive rocks are
typically fine-grained to porphyritic, occurring as dikes and
dike-like masses or small stocks. On the scale of individual
camps the mineralogical composition of the dikes is rela-
tively uniform, though textural variability is common. In
some cases dikes appear to be finer-grained equivalents of
larger coeval plutonic masses, such as at Atlin, Snowbird,
Rossland. There can be considerable variability between the
individual camps in mineralogical composition of intru-
sions ranging from quartz diorite and tonalite (Snowbird) to
granodiorite (Atlin, Rossland) to granite. At Bralorne,
Leitch (1990) describes vein-associated dikes as albitite and
hornblende porphyries. Johnston (1940) referred to similar
dikes at Grass Valley as leucocratic, aphanitic to quartz-al-
bite porphyritic granite. They are described from the Mother
Lode by Knopf (1929) as albitite porphyry dikes and by
Lindgren (1928) as albite aplite dikes. Felsic dikes of this
type commonly display the following features:

� They lack penetrative fabrics and postdate regional
greenschist metamorphism, although they may be de-
formed or disrupted by subsequent deformation.

� They are hydrothermally altered and replaced to varying
degrees by secondary carbonate, sericite and pyrite, often
with elevated gold content.

� They often display some degree of structural control and
dikes are commonly co-structural with and occupy the
same vein-hosting fissure zones (Bralorne, Atlin).

APPARENT ANOROGENIC GOLD-QUARTZ
VEINS

In contrast to these apparent ‘late syn-orogenic’ depos-
its, gold-quartz veins occurring along the central and north-
ern Slide Mountain Terrane suggest an alternate tectonic
regime of vein formation. Ages of hydrothermal vein micas
from placer and lode camps along this belt, including
Barkerville, Manson Creek (Ferri and Melville, 1994),
Cassiar and Klondike (Hunt and Roddick, 1992; Rushton et
al., 1993) all suggest Early Cretaceous (ca. 134-140 Ma)
ages of gold vein mineralization (Figure 9.3 and 9.4). This
timing corresponds to a period of relative tectonic quies-
cence in which no major metamorphic or magmatic activity
is currently documented in rocks above the ancient North
American margin. In most of these camps there is also a dis-
tinctive lack of late syn-orogenic, high-level felsic intrusive
rocks. The hydrothermally altered Proserpine dike suite in
the Barkerville camp may be analogous, but these are rare
and have not been isotopically dated.

In Cassiar evidence for any spatial or temporal associa-
tion between gold-quartz vein mineralization and high-level
felsic intrusive rocks is lacking. Dikes of this type have not
been reported to be associated with gold-quartz veins in the
underground workings. A buried pluton at depth has been
postulated by some previous workers (Nelson and Bradford,
1989; Nelson, 1990; Panteleyev, et al., 1996) but currently
constrained ages of magmatic activity are all younger than
the interpreted age of gold-quartz vein mineralization.

INTERPRETATION

Available age constraints for hydrothermal vein micas
associated with Canadian Cordilleran gold-quartz vein de-
posits suggest that either:

� There are indeed two distinct tectonic regimes of
gold-quartz vein formation in the Cordillera, one forming
immediately following orogenic activity and the other
during tectonically dormant stages,

� Alternatively all these vein deposits are late-synorogenic,
but isotopic systematics of all ‘apparent anorogenic’ de-
posits have been reset by later thermal events.

� A third and preferred possibility is that all the deposits are
late syn-orogenic but the observed differences simply re-
sult from the distinctive differences in regional
lithotectonic setting of the two deposit groups.

To best convey these relationships, the concept of sub-
dividing the Cordilleran margin into two major structural
domains (Saleeby, 1999) is helpful. For the purposes of this
discussion it is practical to subdivide the Canadian Cordil-
lera into eastern and western structural domains. The east-
ern domain includes primarily the western limit of Late
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Proterozoic and Paleozoic North American miogeoclinal
rocks and underlying crystalline basement. Importantly, it
also includes obducted Slide Mountain terrane ophiolitic
rocks. Bounding faults between individual assemblages in
this domain are dominated by flat-lying imbriciating struc-
tures. The western structural domain consists of a much
more diverse association of Early Paleozoic to Late Jurassic
ensimatic assemblages. These were tectonically accreted to
the continental plate edge through alternating episodes of
subduction and transform plate-margin tectonics. Individ-
ual assemblages in this group are often separated by
high-angle cryptic faults. The contact separating these two
major structural domains occurs along the miogeoclinal
plate edge and has been referred to as the ‘transform trunca-
tion zone’ (Saleeby, 1999).

All recognized late syn-orogenic deposits occur within
the ‘western transform domain’ while all apparent
anorogenic depos i t s are hos ted by the ‘eas tern
thrust-imbricated domain’. The obvious distinction be-
tween the two groups of deposits, characterized by the pres-
ence or absence of high-level, felsic intrusive rocks, is
adequately explained by the contrasting differences in the
dominant orientation of internal bounding faults within the
two structural domains. The general high-angle, faulted
character of the western transform belt provides an environ-
ment with enhanced potential for magma introduction. In
contrast, the general sub-horizontal, tectonically-stacked
structural character of the eastern belt would be much more
impervious to vertical melt migration.

Based on this distinction it appears that altered felsic
dikes could act as an additional guide for locating gold veins
only in areas west of the ‘transform truncation zone’. Even
in these areas, high-level intrusions, although locally con-
spicuous in some mines, are not always present at the indi-
vidual mine scale, and as a result should not be considered at
that detail of investigation. It is reasonable to postulate that
sericite-carbonate-pyrite altered high level felsic intrusions
may indicate proximity to gold quartz veins where found in
suitable lithotectonic settings. That is, in association with
fault-bounded, tectonically emplaced, oceanic arc crust
close to major tectonic breaks with evidence of pervasive
carbonate alteration.

An examination of the relative rates of crustal exhuma-
tion or uplift between the two structural domains provides a
possible explanation for the apparent contrasting tectonic
environments of vein formation. Different rates of uplift be-
tween the two domains may result from several contributing
factors. The high-angle structural style of the western do-
main would be much more conducive to vertical translation.
In addition, this domain is also more directly impacted by
crustal growth and uplift, that with time moves progres-
sively away from the older Paleozoic continental margin. In
contrast, the continental foreland or eastern domain is fur-
ther removed from these influences, and would be presum-
ably more rigid and also less predisposed to vertical
fluctuations.

The change in the age-pattern of mineralization from
west to east across the Cordillera (Figures 9.3 and 9.4) can
indicate the relative differences in the rates of crustal uplift

between the two structural domains. Late syn-orogenic
deposits within the western transform domain become pro-
gressively older from west to east. The relative age and
crustal position of the apparent anoroginic deposits is
clearly not in sync with this otherwise uniform pattern of
progressive aging of deposits west of the ‘transform trunca-
tion zone’. The oldest and most eastern, 160 to 170 Ma min-
eralizing event within the western structural domain is 30 to
40 million years older than their neighbors to the east.

It is suggested that due to insufficient uplift and ero-
sion, the Early Cretaceous plutonic and metamorphic roots
of the system responsible for the ore bearing fluids of the ap-
parent anorogenic deposits has not yet been exhumed.
Therefore these differences are not considered to be the re-
sult of contrasting plate-tectonic processes, but merely a re-
flection of how similar vein forming processes are
expressed in distinctly different lithotectonic environments.

This explanation for the apparent enigma of similar
gold-quartz vein deposits forming in two distinct
paleogeographic environments helps maintain a long held
view. That view being, that the many similarities amongst
these deposits irrespective of location or age strongly sup-
ports comparative processes of gold-quartz vein formation.

It is intriguing that the apparent anorogenic deposits are
only slightly younger, and possibly overlap the age of Latest
Jurassic Nevadan mineralization in California gold-quartz
vein deposits. Why does the Nevadan orogeny appear to be a
US specific event, and apparently unlike all previous
orogenies which affected rocks of both the Canadian and US
Cordilleras. A possible explanation is that the apparent
anorogenic deposits reflect the northern extent of that event.
It is also intriguing that most of the apparent anorogenic de-
posits of the Canadian Cordillera, like the California depos-
its, are regionally situated near the bounding structure
between oceanic and continental margin rocks.

DISCUSSION

Research into gold-quartz vein deposits over the last
two decades has focused primarily on determining the
source of the gold-bearing fluids and their paleo-tectonic
environment of formation. The initial stage of this research
was successful in characterizing the physiochemical nature
of the mineralizing fluids and found that there were remark-
able similarities amongst gold quartz vein deposits globally,
irrespective of their age (Groves and Phillips, 1987; Kerich
and Wyman, 1990; Barley, et al., 1989; Kerrich and Wyman,
1990; NUNA conference volume, 1991; Kerrich, 1994).
Deposits of both Archean and Phanerozoic ages are struc-
turally controlled, have similar mineralogical and geochem-
ical characteristics, display comparable fluid composition
with broadly similar pressure and temperature conditions of
formation with the relative timing of mineralization closely
following post-peak metamorphism. Böhlke (1989) aptly
summarized these findings when defining these deposits as
part of a global class of:

“structurally discordant syn- to postmetamorphic
gold-bearing quartz veins with low base metal contents,
formed from through-flowing, high 18O, low salinity,
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CO2-rich aqueous fluids at approximately 250o to 450oC
and 0.5 to 3+ kilobars.”

As a result of these defined similarities between the
Archean and Mesozoic gold-quartz veins, deposit models
that have evolved over the last decade have attempted to ap-
ply models of global applicability (Kerrich and Wyman,
1990; Kerrich and Cassidy, 1994; Poulsen, 1996; Groves et
al., 1998 Poulsen et al., 2000 ) . This global model approach
was also heightened by the growing realization that
Archean greenstone terranes may have formed by processes
of continental margin accretion analogous to those of the
Cordilleran margin (Colvine, 1989; Hodgson and Hamilton,
1989; Barley et al., 1989; Hoffman, 1991; Corfu, 1993;
Sutcliffe et al., 1993; Wang et al., 1993). An obvious draw-
back to this approach is that geological features inherent to
only one of the age groups become diluted or even lost when
all information from the two are combined.

Irrespective of the likelihood that the origin of the two
main age groups of gold-quartz veins may have formed
through similar processes of continental margin accretion
they display some distinct lithologic and tectonic character-
istics in their present settings.

The major differences between the two age groups in-
clude structural setting and nature of the host lithologies.
There are also some minor differences in vein mineralogy
between them. Copper and zinc are common and locally
conspicuous sulphide minerals in Mesozoic gold veins (Ap-
pendix III) but are rare in Archean deposits (Groves, 1993).
Scheelite and tourmaline are common accessory minerals in
Archean deposits (Robert and Poulsen, 1997) but are rarely
identified in those of Phanerozoic age.

The most obvious distinction relates to the attitude of
regional fault zones associated with the gold quartz vein
mineralization. Mesozoic gold veins occur in moderate to
shallow dipping collisional suture zones in continental mar-
gin mobile belts (i.e. accreted margins). Suture zones are
characterized by dismembered ophiolitic lower crustal and
upper mantle remnants, that mark major breaks and interca-
lations between diverse assemblages of arc rocks,
subduction complexes and continental margin clastic
wedges. In contrast, Archean gold quartz vein deposits are
contained regionally in major, steep oblique slip fault sys-
tems within stable cratonic terranes.

The tendency to transfer the requirement of high-angle
faults to Phanerozoic quartz vein deposits by proponents of
the meteoric gold vein model serves as a relevant example
of how lithotectonic characteristics of Archean aged depos-
its cannot be directly transferred to those hosted in
Phanerozoic terranes. The meteoric model for gold
quartz-vein mineralization is one that has been widely pub-
licized for deposits in the Canadian Cordillera by Nesbitt
and co-workers (Nesbitt et al., 1986, 1989; Nesbitt, 1988,
1992; Nesbitt and Muehlenbachs, 1989: Madu, et al., 1990).
This model is based primarily on the bulk fluid inclusion
isotopic composition of quartz and carbonate. It proposes
that mineralizing fluid results from downward circulation of
meteoric waters through the crust to the brittle-ductile tran-
sition zone to be focused upward along major transcurrent

fault zones with various metals deposited at different
depths. Contamination by secondary inclusion due to the
bulk extraction method used to obtain the isotopic data
(Pickthorn et al., 1987; Perring et al., 1987; Kerrich, 1989a),
as well as problems with hydrostatic meteoric fluids being
able to overcome lithostatic pressure (Kerrich, 1991) have
been several points of concern with the meteoric model. As
a result it has gained little acceptance for application to
Archean (Perring et al., 1987; Franklin and Green, 1991) or
Mesozoic gold-quartz vein deposits (Goldfarb et al., 1988;
Böhlke, 1989; Leitch and Godwin, 1988; Leitch , 1990; El-
der and Cashman, 1992).

A fundamental geological implication of the meteoric
model is that gold-quartz vein deposition is genetically re-
lated to major, high-angle, transcurrent fault zones. The
Pinchi Fault zone is typically promoted as a type example
for such a structure related to gold vein mineralization in
British Columbia. The Snowbird prospect, is suggested as
the type example of gold-quartz vein inferred to be related to
the Pinchi Fault. However this gold vein occurrence is situ-
ated roughly 25 kilometres from the Pinchi fault and is asso-
ciated with a low-angle shear zone. In the Archean, gold
deposits that are hosted by subsidiary brittle-ductile faults
related to regional first-order transcurrent structures are typ-
ically constrained to within several kilometres of the pri-
mary fault zone (Eisenlohr et al., 1989).

An additional premise of the meteoric model is that the
timing of gold mineralization at the Snowbird is synchro-
nous with mercury mineralization at the Pinchi Lake mine.
Mineralization at the Snowbird gold prospect (Chapter 3) is
well constrained at Middle Jurassic (160 to 163 Ma). This
predates the age of mercury mineralization at the Pinchi
Lake mine, which is at the earliest, post-Cretaceous, as this
mineralizing event effects sedimentary rock of that age
(Patterson, 1977) and is likely younger, possibly Eocene
(Ash, 1996). This age and spatial relationships suggests that
mercury mineralization along the Pinchi Fault is unrelated
to the much older gold vein mineralization at the Snowbird
prospect, which is located a significant distance from it.

A number of other areas in the Cordillera for which in-
ferred relationships of gold veins to high-angle transcurrent
faults have been suggested to support the meteoric model in-
clude both the Mother Lode and Alaska Juneau deposits.
Böhlke and Kistler (1986) are referenced by Nesbitt (1988)
to support a transcurrent fault relationship for gold-vein de-
posits in the Mother Lode belt. However no evidence is pre-
sented by these authors to support such a relationship. On
the contrary, Weir and Kerrich (1987) indicate that deep
seismic reflection data suggests the Melones fault zone is a
low angle structure, dipping 35o east for a depth of up to 40
km. The Coast Range lineament was the inferred meteoric
gold-related transcurrent fault for the Alaska-Juneau de-
posit. More recently however, this linear topographic fea-
ture has been identified (Miller et al., 1995) as a
combination of separate and independent linear elements,
and not a major crustal break as previously interpreted. The
gold related regional structure is now considered more
likely an easterly-dipping, terrane-bounding shear zone.
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There appears to be little evidence to support a genetic
relationship between gold-quartz vein mineralization and
large transcurrent fault zones in the North American Cordil-
lera. Where there is a regional association such as the
Yalakom Fault northeast of the Bralorne-Pioneer mine, or
the Pinchi Fault east of the Snowbird prospect, the
transcurrent faults postdate the age of mineralization and in
both cases the deposits are considerably removed from
these mercury-rich structures which are characteristically
devoid of gold.

Another fundamental difference between Phanerozoic
and Archean gold-quartz vein deposits is the nature of host
lithologies and their inferred tectonic significance. Ultra-
mafic rocks associated with Phanerozoic deposits are exclu-
sively remnants of lower oceanic crust or subcrustal mantle
and therefore signify emplacement along a deep crustal
fault. Ultramafic rocks associated with Archean lode-gold
deposits are dominantly komatititic volcanics (Pike, 1976;
Hodgson et al., 1982) and therefore a similar tectonic inter-
pretation is not valid. Arguments suggesting that there is no
genetic link between host rocks, e.g., ultramafic rocks, and
gold-quartz vein mineralization (Kerrich, 1991, 1993), have
been the result of this global approach.

Ultimately a distinct lack of similar ultramafic
ophiolitic rocks in Archean greenstone belts has contributed
to their lack of recognition when comparisons have been
made between the two age groups (Boyle, 1979; Hodgson,
1982; Poulsen et al., 1992, Poulsen, 1996; Robert, 1996;
Groves et al., 1998). Ophiolites are a component of
Cordilleran margins that in addition to being a common host
for gold-quartz vein deposits, have also played a major roll
in development of plate-tectonic, terrane accretion con-
cepts. The absence of such rocks in the older greenstone
belts would imply that conditions of crustal accretion must
have been in some ways different. It would seem therefore
that an explanation of these differences is required before
direct paleo-tectonic comparisons between the two age
groups can be made.

A pragmatic view of all gold-quartz deposits which ad-
dresses obvious lithotectonic differences suggests that the
global approach may have detracted from providing any
single viable exploration model, or models. It would appear
that the pendulum of consensus may have swung too swiftly
in trying to adopt a universal deposit model for gold-quartz
veins based on their known similarities. Adeposit model ap-
proach with an emphasis on the descriptive features of
North American Cordillera deposits only, within a consis-
tent plate-tectonic framework, indicate that a combination
of distinctive geologically-definable characteristics can be
used to focus exploration. The exact chemical or physical
parameters that explain these persistent lithological rela-
tionships may not be fully realized, but clearly defining such
relationships is a useful first step.

The geodynamic setting of gold mining camps dis-
cussed in this report appears to support an environment of
vein formation where tectonically thickened crust is af-
fected by metamorphism, partial melting and related
magmatism in response to an orogenic event. Gold-quartz
veins appear to form late in this process and are hosted

within or proximal to structural zones developed by tectonic
emplacement of oceanic lithosphere onto either continental
margins (Slide Mountain) or are intercalated with both arc
complexes and disrupted chert argillite deposits (Cache
Creek and Bridge River). These fault zones appear to act as
pathways and/or structural traps for mineralizing fluids. The
relationship between the age of the host structure and that of
mineralization is widely varied. The Nevadan aged fault
zones along the Mother Lode belt are relatively close to the
interpreted age of mineralization hosted within them. In
Atlin, Snowbird and possibly Rossland the mineralization
most likely formed shortly after Middle Jurassic crustal
shortening. In other deposits, however, the age of mineral-
ization is considerably younger than the age of initial devel-
opment of the host structural zone. Terrane bounding
structures associated with vein mineralization in Slide
Mountain Terrane and spatially associated rocks are at least
25 to 30 (considering Middle Jurassic tectonism) and may
be as much as 100 million years (considering Late Perm-
ian-Early Triassic tectonism) younger than the vein miner-
alization contained within them.

It would seem that refinement of any model that relates
gold-quartz vein mineralization to geologic process, specif-
ically tectonic environment of formation, will be gained
from modern studies of gold-quartz vein deposits in
accreted Phanerozoic terranes. Tectonic synthesis of
Archean deposits is based in large part on secular variations
in both the age and composition of greenstone magmatism,
which is supported largely by empirical geochemical data
(Kerrich, 1994). In contrast accreted Phanerozoic terranes
maintain a tectonic integrity with a relatively intact record
of collisional lithologic and tectonic relationships. These
younger belts enable in general more precisely constrained
isotopic age data for both hydrothermal and magmatic ac-
tivity. Unlike the Archean settings, these younger belts are
supplemented by biostratigraphic data to further constrain
the relative timing of related tectonic activity. Kerrich
(1994) indicates that gold mineralization in the Archean Su-
perior province is related in space and time to accretionary
tectonics over a 50 million year period (2720-2670). In con-
trast, within the North American Cordillera five distinct and
temporally restrictive episodes of orogenic activity with as-
sociated gold vein mineralization are recognized (Figure
9.4). This is within a time interval that is only double the pe-
riod of the singular Archean mineralizing event.

SUGGESTIONS FOR FUTURE STUDY

Several areas are worthy of consideration to further
constrain relationships for the gold-quartz vein deposits de-
scribed. In some areas there are still outstanding questions
relating to the lithotectonic character and age of host rocks
for certain deposits. Examples with difficiencies in this area
include Rossland, Barkerville and the Grass Valley camps.

The relationship of gold veins to high-level felsic dike
rocks is something that requires particular attention in most
camps. Accurately constraining the magmatic, and where
applicable hydrothermal alteration ages, as well as chemical
composition of these dikes is necessary to constrain poten-
tial genetic relationships between the two.
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For some deposits, more modern analytical techniques
are required to make informative comparisons. In particular
the nature and variations of metallic minerals associated
with these vein systems requires updated evaluation to ac-
curately compare the general deposit population. Few de-
tailed microprobe analyses have been conducted on
sulphide mineralogy from most of these Phanerozoic vein
systems.

In the Rossland area characterization of the greenstone
unit hosting the gold veins north of the I.X.L.-Midnight de-
posit would help to establish its paleo-tectonic character and
possible genetic link to the ultramafic cumulate rocks with
which they are spatially associated.

CONCLUSIONS

(1) On the basis of host lithologies, gold-quartz veins
throughout the Canadian and US Cordillera can be di-
vided into two main types; ‘ophiolite-hosted’ and
‘mixed mafic igneous-sedimentary-hosted’ deposits.
Ophiolite-hosted gold veins that include Bralorne,
Grass Valley, Alleghany, Atlin and Cassiar are contained
in fault-bounded, internally imbricated blocks of oce-
anic igneous crust. The larger, more coherent blocks or
lenses host the most significant gold producers mainly
because veins within them are well-developed and con-
tinuous. Listwanite-altered ultramafic rocks are consis-
tently associated with exceedingly rich, gold-quartz
veins. The gold-quartz veins are rarely hosted by the al-
tered ultramafic rocks but are generally contained in tec-
tonic blocks of igneous oceanic crustal rocks (gabbro,
diabase, mafic volcanics) in close proximity to them.
Mixed mafic igneous-sedimentary hosted gold vein de-
posits include most of the significant deposits of the
Mother Lode belt, Alaska Juneau and Carolin. Host
rocks of these deposits consist of Mesozoic sequences of
alternating mafic igneous rocks with slate and phyllite.
These deposits are typically of lower grade and often as-
sociated with vein marginal replacement ore.

(2) Most large placer gold deposits in the North America
Cordillera show a close spatial relationship to ophiolitic
crustal rocks within, and marginal to, terrane-collisional
boundaries. Placers with significant production in the
Canadian Cordillera, i.e., Barkerville, Atlin and
Klondike, all have remarkably consistent lithotectonic
relationships in which the gold often resides immedi-
ately below a flat-lying collisional suture zone, gener-
ally within 500 meters of the suture. Suture zones are
often characterized by the presence of listwanite-altered
ophiolitic rocks commonly forming isolated klippen
above basement rocks. This consistent relationship with
remnants of ophiolitic rocks in the hangingwalls of these
suture zones combined with the fact that coarse native
gold is found associated with such rocks is considered
more than coincidence and offers a viable explanation
for the source of coarse placer gold.

(3) Distinctive differences involving spatial associations
with high-level felsic intrusive rocks and apparent dif-
ferences relating to tectonic environment of formation
enables subdivision of Canadian Cordilleran gold-

quartz veins into two main types. ‘Late syn-orogenic’
gold veins which are often associated with coeval, struc-
turally controlled high-level felsic intrusions, and ap-
pear to form during late stages of orogenic activity. In
contrast, ‘apparent anorogenic’ deposits show no, or
very limited associations with high-level felsic intrusive
rocks, and appear to form during tectonically dormant
stages of crustal activity. Differences do not result from
mineralizing fluids being generated by different pro-
cesses but from fluids generated by a similar process in-
troduced into one of two major lithotectonic regimes.
Differences in the regional structural fabric of the two
major regimes accounts for the observed primary rela-
tionship with structurally controlled felsic intrusions.
Differences in relative rates of crustal uplift between the
two major lithotectonic regimes, subsequent to the min-
eralizing event, account for the apparent differences in
paleo-tectonic environment of formation. All deposits
are regarded as being late syn-orogenic.

(4)The vertical and lateral extent of the vein systems in the
individual deposits appear to be influenced by the orien-
tation of large-scale structures within the distinctive
lithotectonic regimes. In deposits where fault zones
bounding major lithologic units are relatively flat-lying,
the vertical continuity of the vein systems is restricted
(e.g., Cassiar, Barkerville, Klondike). In contrast, where
the related bounding faults are moderately to steeply-in-
clined the vein systems are well developed vertically
(e.g., Bralorne, Rossland, Grass Valley, Mother Lode
and Alaska-Juneau).

(5) Very high-grade, coarse native lode gold in the North
American Cordillera is characteristically found in
quartz veins hosted by listwanite-altered, igneous
ophiolitic crustal rocks in proximity to listwanite-al-
tered ultramafic rocks. Igneous rocks comprise
metagabbro, metadiorite and metadiabase (amphibolite
and greenstone) that form competent fault- bounded tec-
tonic blocks within the accreted ophiolitic assemblage.
Ultramafic rocks consist of either variably serpentinzed
harzburgite or cumulate dunite and wehrlite. These units
form either large bodies in which listwanite alteration is
localized to zones along faulted margins or may form
thin discontinuous lenses along thrust fault zones.

(6) Visible free gold is found only in quartz veins and is usu-
ally concentrated along deformed vein margins or
within brecciated and ribboned portions of veins, com-
monly in association with other sulphide minerals. In-
vis ible gold ore can be local ly developed in
listwanite-altered igneous wall rocks in association with
disseminated pyrite and arsenopyrite. Pyrite and arseno-
pyrite are the earliest sulphides, deposited mostly during
early stages of quartz vein development. Other
sulphides, including sphalerite, chalcopyrite, galena and
sometimes tetrahedrite and bismuth minerals, are found
only in the quartz veins and are generally associated
with younger gold-quartz-carbonate veins cutting ear-
lier-formed quartz.
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