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SUMMARY

Stratigraphic, sedimentologic and geomorphic data
collected from man-made and natural exposures at 61 placer
gold mining and exploration sites in the Cariboo region have
been used to develop a geologic classification of productive
placer settings. These are: Tertiary and pre-Late Wisconsi-
nan paleochannel and paleofan settings; Late Wisconsinan
glacial and glaciofluvial environments and; Holocene high
and low-terrace, colluvial and alluvial fan settings. Differ-
ences in the geologic characteristics of the placer deposits
in these settings have direct effects on mining and explora-
tion activities. Placer deposits that underlie till of the last
glaciation are invariably the most productive as they accu-
mulated over relatively long periods of time. The precise
age of many of these pre-Late Wisconsinan deposits is un-
known due to the lack of dateable materials. Although many
are believed to be Pleistocene interglacial depositsm, some
may be Tertiary. The main difficulty in locating, evaluating
and mining these deposits is a result of the overlying Qua-
ternary sediments which obscure, and commonly deeply
bury, them.

Five main auriferous lithofacies, distinguished by dif-
ferences in grain size and sedimentary structures, have been
recognized. In order of decreasing importance these include
(with inferred depositional environments): a) massive to
crude, sub-horizontally stratified gravel with weak imbrica-
tion (shallow, gravel-bed stream deposits; mainly longitudi-
nal bar deposits); b) clast-supported, matrix-filled gravel
and gravelly diamicton with coarse-clast-clusters (sedi-
ment-rich flood-flow and noncohesive debris-flow depos-
its); c) large-scale, trough crossbedded gravels (channel-fill
deposits); d) planar cross-bedded gravels (transverse bar de-
posits); and e) massive, fine-grained, matrix-supported
diamicton (cohesive debris-flow deposits). Regardless of
the dominant lithofacies, gold concentrations are invariably
high along well-developed erosional unconformities, par-
ticularly those over bedrock or clay-rich sediments.

Placer deposits known to be Tertiary in age occur
mainly west of the Cariboo Mountains in the Quesnel
Trough. They are typically buried by thick sequences of
Quaternary sediments. Sedimentary structures, such as
well-developed stratification and imbrication, and the high
textural maturity of the gravels indicate deposition in well-
developed fluvial systems, usually large, braided or wander-
ing gravel-bed rivers. The distribution of these ancient
channel systems is apparently largely structurally control-
led, not having been influenced by glaciation. Sites along
major thrust faults separating the Quesnel, Barkerville and
Cariboo terranes, specifically the Spanish, Eureka and
Pleasant Valley thrusts, are good exploration targets for bur-
ied Tertiary deposits. Mining of these normally cemented
gravels has been productive only in a few locations in the
Cariboo. Locally, however, they can contain significant gold
concentrations, warranting further exploration.

Four different types of pre-Late Wisconsinan paleo-
channel placer settings, distinguishable mainly by pa-
leostream gradient, present topographic position and
deposit size, are recognized:
¢ high-gradient narrow-valley settings referred to as
paleogulches,

e abandoned, high-level valleys of intermediate size and channel
gradient,

® broad (hundreds of metres wide), abandoned trunk valleys with
relatively low channel gradients, and

e channels buried in modern alluvial valleys with stream gradients
similar to the modern channels.

The first two settings are dominated by low sinuosity
single-channel, autochthonous placer deposits whereas the
latter two are characterized by both autochthonous and al-
lochthonous placers deposited in braided streams and, to a
lesser extent, wandering gravel-bed river environments.
Gold-bearing deposits typically consist of imbricated, mod-
erately to well stratified and sorted, pebble to cobble gravels
interpreted as fluvial channel lag and longitudinal bar de-
posits. More poorly sorted and stratified deposits, inter-
preted as high-discharge, sediment-rich, flood and
debris-flow deposits, also occur but are less common.

Buried trunk-valley and high-level valley systems may
have little relation to modern drainage patterns. These plac-
ers are most commonly exploited in areas where they have
been partially exposed by erosion, as thick overburden is a
major obstacle to mining. Paleochannel placers buried be-
low modern alluvium have the additional problem of water
drainage. These mining problems are somewhat offset by
the potential richness and large volume of these placers.

Placer deposits in paleogulch settings are different from
other paleochannel deposits in that they generally consist of
poorly sorted, cobble to boulder-sized fluvial gravels with
interbedded debris-flow deposits. The sedimentary charac-
teristics of these deposits vary widely from bed to bed.
Paleogulch placers also are generally smaller than other bur-
ied-valley placer deposits but they often contain signifi-
cantly higher gold concentrations. Historically they have
been the richest gold producers in the Cariboo with most
operations mining deposits where modern gulch-channel
erosion has removed some of the overburden. Present min-
ing operations are focused mainly on remnant paleogulch
gravel left by previous hydraulic mining operations. There
is good potential for the discovery of new high-grade buried
paleogulch channels, especially in high-relief areas such as
along the upper reaches of Lightning, Antler and Cunning-
ham creeks.

Paleoalluvial fan and fan-delta deposits comprise a sig-
nificant part of the gold-bearing strata at two of the largest
mines in the Cariboo (Spanish Mountain and the Ballarat
mines). These placers are large in volume but generally are
lower grade than fluvial paleochannel placers of similar age.
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They consist of poorly sorted, debris-flow deposits interbed-
ded with lenses of fluvial sands and gravels. Large foreset
beds and other structures indicative of subaqueous deposi-
tion at the Ballarat mine lead to the inference that sedimen-
tation occurred in a fan-delta environment. Like
paleochannel and paleogulch placers, paleofan deposits are
difficult to locate and mine because of thick overburden.

Glacial and glaciofluvial placers deposited during the
last glaciation are relatively rare and lower grade than older
fluvial placers. Economically viable quantities of gold con-
tained within till occur locally where glaciers overrode pre-
existing, relatively rich fluvial placers. Similarly, gold-rich
glaciofluvial deposits are mined where older gold-bearing
gravel has been eroded by glacial meltwaters. These placers
are typically poorly sorted and commonly contain clasts up
to large-boulder size. Although Late Wisconsinan glacial
and glaciofluvial placers generally have relatively low gold
grades, they occur near the surface and therefore have mini-
mal overburden removal costs.

Mines exploiting Holocene deposits, particularly ter-
race placers, are common in the Cariboo. Terrace deposits
are dominated by imbricated, moderately to well stratified
and sorted, pebble to small-cobble gravels with interbedded
sand lenses, of fluvial channel and bar origin. Gold gener-
ally is distributed throughout the gravels, but may be con-
centrated in specific facies such as bar-head and channel-lag
gravels. Other deposits such as overbank sand facies gener-
ally have low gold concentrations. High-level terrace grav-
els, deposited in proximal, aggradational, braided streams
shortly after deglaciation, typically are larger in volume,
more poorly sorted and lower grade than low-terrace plac-
ers. The latter are frequently mined on the downstream
reaches of streams, like Lightning Creek and the Quesnel
and Cottonwood rivers, where mainly fine-grained gold is
recovered. Productive Holocene colluvial and alluvial fan
placers are relatively rare in the Cariboo. They charac-
teristically consist of interbedded diamicton and poorly
sorted gravel deposited under paraglacial conditions. Holo-
cene placers, of all types, are most common where gold has

been reconcentrated from underlying Tertiary or interglacial
placer sources.

The potential for discovery of new placer deposits is
good in the Cariboo. Although there is potential in all of the
geologic settings identified, preglacial and interglacial flu-
vial and alluvial deposits are the best targets. Based on the
results of this study, large volume, preglacial, paleochannel
deposits in the Quesnel Terrane in the west part of the study
region are considered to have the best placer potential. The
paleogeography of these channels is believed to be largely
related to the distribution of regional faults such as the Span-
ish and Eureka thrusts. There is also good potential for the
discovery of buried placers, especially paleogulch deposits,
in the Quesnel Highland in the eastern part of the study area.

Due to burial by glacial and postglacial deposits, air
photo and satellite data, geophysical studies (including shal-
low reflection and refraction seismic, ground-penetrating
radar, magnetometer, electromagnetic, resistivity, and in-
duced polarization) and drilling programs are needed to lo-
cate and evaluate pre-Late Wisconsinan paleochannel
placers. In contrast, most Holocene placers are more readily
evaluated and mined due to the absence of a surficial cover;
generally low gold grades require that successful ventures
rely on detailed sedimentologic and geomorphic informa-
tion, such as large-scale surficial geology map data, during
both exploration and mining phases.

An understanding of the sedimentary origin of existing
placers is needed to identify new sites where gold-bearing
placers have been deposited and preserved. For example,
geologic studies of existing exposures add to understanding
of the paleodrainage patterns of ancient fluvial systems and
thereby identify exploration targets. Similarly, stratigraphic
and sedimentologic data, providing information on the
thickness, depth and geometry of strata, channel orientation
and paleoflow direction, are required to locate and trace
gold-bearing units. The information presented in this paper
will contribute to this database and hopefully will assist in
the identification of new placer reserves.
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CHAPTER 1

INTRODUCTION

This report provides details on the geology of placer
mining operations in the Cariboo gold mining region in cen-
tral British Columbia (Figure 1). Stratigraphic and sedimen-
tologic data were compiled in the 1989, 1990 and 1992 field
seasons. Studies of gold-bearing placer deposits at 61 min-
ing and exploration properties in the Cariboo (Figures 2 to
4) were undertaken with the objective of developing a list
of geological criteria useful for recognizing placer potential.
The results of these studies are used to develop regionally
applicable exploration models that can be applied to unde-
veloped or poorly explored areas. The complexity of the
geology observed indicates that detailed sedimentologic
and stratigraphic studies are required in order to understand
both the distribution of placer deposits in a regional sense
and the location and extent of gold-bearing units at the local
level.

The Cariboo Mining Division was selected for study
because of its long history of placer gold production. Since
1860, the district has produced 75 000 to 100 000 kilograms
(about 2.5 to 3 million ounces) of gold, more than any other
placer area in British Columbia (Bulletin 21 dated 1944;
B.C. Deparmtent of Mines, 1946; Boyle,1979). Several
large (>200 cubic metres per day processed) placer mines
are now active in the region, as well as over 200 small op-
erations, including hand mining and exploration projects.

The justification for a new provincial government pro-
gram to study the geology of placer deposits in the Cariboo
was: a fourfold expansion of the legal placer mining area in

grince George

Study Area\I\ ﬁ/

Detailed Study Area

Kilometres

Figure 1. Location of Cariboo placer mining region. Details of
the large outlined study area are shown in Figure 2.

the province in 1989, nearly tenfold increases in reported
placer production in the 1980s as compared to previous dec-
ades, and the need for geologic data to locate new buried
placers. In 1989 the provincial government expanded the
area open to placer mining by approximately 240 000 square
kilometres (~250 1:50 000 NTS sheets), and the need for
geologic data to aid exploration programs in the new regions
was recognized. Secondly, reported placer gold production,
driven in part by higher gold prices, increased dramatically
in the last decade, as indicated by government records (Min-
istry of Energy, Mines and Petroleum Resources, 1992).
Gold production reported from placer mines during the
1980s was more than eight times higher than reported pro-
duction during the 1970s (Figure 5). Finally, recent trends
toward exploitation of deeply buried placers and lower
grade deposits have required more efficient mining prac-
tices and an increased reliance on geologic data. Shallow
placer gold deposits in the Cariboo, found primarily in mod-
ern river valleys, were largely depleted by historical mining
operations. Approximately half of the mines investigated in
this study are exploiting placers that are relatively deeply

Figure 2. Major rivers, lakes and highways (heavy lines, in the
Cariboo region and locations of study sites not shown on
Figures 3 and 4 (insets). Symbols indicate the dominant type of
placer deposit: diamonds - Tertiary placers; open triangles -
buried gulch placers; solid triangles - other buried paleochannel
placers; open squares - glacial placers; solid circles - glacioflu-
vial placers; stars - postglacial colluvial and alluvial placers;
open cirlces - low-terrace placers.
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Figure 5. Recorded placer gold production in British Columbia
between 1965 and 1990. Note the sharp increase in recorded
production in the late 1980s.

buried by overburden, commonly glacial deposits 5 to 25
metres thick. Higher gold prices in the last 20 years have
also allowed successful mining of previously uneconomic
gravel. These lower grade deposits have the highest mining
potential where they occur in large volumes.

METHODOLOGY

Potential study sites for this program, including both
active mines and exploration properties, were identified
from assessment reports and notices of work filed with the
Ministry of Energy, Mines and Petroleum Resources. Sites
selected for study were mainly producing mines offering
good exposure and a few unmined properties where geologi-
cal data had been collected by exploration companies. Sec-
tions were measured at the study sites to characterize the
stratigraphic relationships of gold-bearing units to older and
younger strata. The sedimentological characteristics of
gold-bearing strata and overburden deposits were also re-
corded. Highwalls in the active mines were mapped to docu-
ment lateral lithofacies variations. Descriptions of the
primary and secondary sedimentary structures, structural,
deformational and diagenetic characteristics, and data on
the grain size (framework and matrix), pebble lithology and
pebble fabric of major units were collected. Textural, petro-
logic, mineralogic and geochemical analyses were con-
ducted on collected samples. Gold production in each
stratigraphic unit was determined, where possible, by dis-
cussions with miners. Although at many sites it was neces-
sary to measure only one section to describe all of the
stratigraphic variability observed, at some sites the geology
was sufficiently complex to warrant more detailed study and
a number of sections were described.

The locations of the 61 sites where field data were col-
lected are shown in Figures 2 to 4. The stratigraphic, sedi-
mentologic and geomorphic characteristics of the
gold-bearing deposits at each site were studied in order to
develop a practical classification system and associated
models of placer deposition and preservation applicable to
the exploration industry. The preliminary models developed
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(Levson and Giles, 1991) were evaluated in 1992 with a
reverse-circulation drilling and geophysical program. De-
tailed descriptions of the procedures for each subsurface
technique and preliminary results were outlined by Levson
et al. (1993b). The efficiency of the drilling method for re-
covering gold was tested by New Era Engineering Corpo-
ration using radiotracers. Geophysical methods (including
borehole geophysics, seismic reflection and refraction tech-
niques and ground-penetrating radar) were evaluated in
conjunction with the Geological Survey of Canada and in-
dustry. The effectiveness of these geophysical techniques
for evaluating buried deposits will be discussed elsewhere.

REPORT ORGANIZATION AND USE

This report is organized to assist prospectors and miners
in developing placer properties by first providing a regional
geologic framework, and secondly by giving site-specific
data on which property-scale decisions can be based. It is
recommended that the bedrock geology of a new property
under investigation first be identified using the compilation
maps provided in Chapter 2. Reference should also be made
to the original geology maps, applicable to the area in ques-
tion, from which the compilation maps were derived (see
references on map legends). An analysis of the drainage ba-
sin or probable paleodrainage area, if known, should then
be made in relation to the bedrock geology. Bedrock units
or structural zones with potential as source rocks can be
compared with the locations of placer producing streams in
the region of interest. Settings where modern or paleodrain-
age areas significantly intersect favourable bedrock condi-
tions can thus be identified. Properties that have bedrock
characteristics similar to those in adjacent, historically pro-
ductive watercourses can also be recognized.

The final step in this data evaluation is to identify sites
described in Chapter 5 (and Appendix B) of this report that
are located near or in geologic settings similar to the prop-
erty of interest. For this purpose, all placer deposits dis-
cussed have been classified and are organized throughout
this report (as well as on Figures 2 to 4 and 6 to 12) by
geologic setting. Each setting is distinguished by geomor-
phic, stratigraphic and sedimentologic characteristics that
can be readily observed in the field, as discussed in Chapters
3 and 4. The main geologic settings described include:
placer deposits of presumed or known Tertiary age, pre-Late
Wisconsinan buried gulch, alluvial fan and channel placers,
Late Wisconsinan glacial and glaciofluvial placers and
Holocene terrace, colluvial and alluvial fan placers. General
interpretations of sedimentary lithofacies and depositional
environments within each of the main placer settings, and
summary descriptions, including cross-sections, composite
stratigraphic columns and correlation diagrams, are pre-
sented in Chapters 3 and 4. Detailed discussions of the eco-
nomic geology and placer potential of individual properties
and surrounding areas are presented in Chapter 5. Data on
gold content and character, where available, are also pro-
vided in the property descriptions in Chapter 5.

Comparisons of the geology at new sites with that de-
scribed in other areas may be useful in exploration, devel-
opment and mining activities. For example, an



