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ABSTRACT

Dominion Creek, part of the unglaciated Klondike Goldfield of west-central Yukon, has been
placer mined since the gold rush of 1898, but the surficial geology, sedimentology and
paleodepositional environment are poorly understood. There is evidence of two major
depositional events that formed the White Channel terrace deposits followed by the younger
valley-bottom deposits. After the White Channel was deposited, stream rejuvenation up to the time
of Reid Glaciation resulted in the deepening of Dominion Creek. valley (>30m). Since the more
recent McConnell Glaciation the valley has been relatively stable. Recent work focused on field
observation and coliection of sixteen 160-190 kg samples from the basal units, which were all
similar looking massive disorganized quartz gravels, from a 610 meter mine cut face. A long-tom
was used to preconcentrate gold thereby reducing nugget effects in the -0.425 mm samples

submitted for FA-AAS analysis.

Grain size distributions calculated for -0.053 mm to +200 mm size fractions identified two
sediment populations on cumulative probability plots: a matrix infilling (A), and a coarse
framework (B). An additional fine sand-silt (C) population was found in nine samples which were
designated as trimodal. Sediment and gold correlations (-0.053 mm to 0.150 mm) showed a
positive relation between gold and sediment 2-4 size fractions larger, indicating hydraulic and
transport equivalence processes were likely involved in the formation of the basal units,
Deposition of the basal unit was in high flow aggrading braided streams, with associated mass
wasting. The proposed Dominion Creek paleodepositional model is similar to other deposits in the
Klondike, with the valley-bottom gravels deposited in Pliocene-Pleistocene interglacial periods.

Differences in the correlation matrices and probability plots suggest that units designated as
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bimodal and trimodal, despite similarities in appearance and structure, were formed under slightly

different depositional regimes.
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1.0 INTRODUCTION

The Klondike District of the west-central Yukon Territory isa well known placer gold
camyp, where mining has flourished since the gold discovery of 1896, and is still the leading
gold producing district in the Yukon. Production in 1995 was 127,333 crude ounces, valued
at over $54 million dollars (Burke, 1995), with annual production averaging around 100,000
crude ounces. Although there has been extensive placer mining on the numerous gold
bearing creeks of the Klondike, until recently there has been very little sedimentological
investigation of the deposits, except for Morison (1985, 1991, 1994), Present day mining
continues to provide new exposures of gold bearing gravel and bedrock, and the opportunity

to study the depositional environments and the origin of these placer deposits.

The study was designed to examine new exposures, created during 1995, at a placer mine
site on the left limit of Dominion Creek about 2 km downstream of the confluence of Gold
Run Creek. Dominion Creek was mined by hand during the 1898 Gold Rush, dredged in
later years and then reworked with modern mining machinery in the last 15 years. The
paystreak occurs in the paleochannel of Dominion Creek, which is in the order of 300
meters wide and 12 - 18 meters below the present surface. The richest deposits occurred in
the deepest parts of this channel along the right limit of the valley (right hand side looking
downstream, to the northwest), and was the focus of past mining. Current mining is along the
left limit (south side) of the paleochannel some 2 meters higher than the deepest part. From
drilling results, goid values are known to drop off as bedrock rises in a southerly direction.
The present study examined the distribution of gold finer than 0.425 mm in the basal units
of the deposit, which are believed to have formed under similar conditions. The

paleodepositional environment, and the interrelationships between textural data and gold



concentrations, is also considered. An outline of the methodology, procedures and potential
problems with determining the grain size distribution and the gold distribution in a placer
gold deposit is discussed. The effectiveness of the long-tom (sluice run) as a
preconcentration device and its applicability to sedimentological studies of gold occurrences

is also considered.

The aim was to use the sedimentological data and gold grain size distribution to determine
the paleodepositional processes, which were active in the formation and concentration of
gold in the placer deposit, at the grain scale and apply this to the interpretation of the larger
scale placer formation processes and distribution. Understanding the placer forming
mechanisms and depositional environments will aid in predicting the gold distribution and

potential grades for future lode and placer exploration and mining in the Klondike.

1.1 PROPERTIES OF GOLD

Pure gold has a very high specific gravity of 19.3, but natural gold, due to solid solution with
elements such as silver, copper, or mercury, has a specific gravity ranging from 15 to 19,
Gold tends to be mechanically dispersed and concentrated from lode sources and residual
soils. Placer deposits in streams show a wide range of gold morphologies, due to gold’s
high ductility and malleability. Typical shapes include flakes, cylinders and dust (flour
gold). During transport and concentration, gold tends to be flattened and rounded due to
hammering and rolling along the beds, and may be comminuted to very fine particles due to

abrasion. Controversy exists as to whether very fine “flour” gold is actually due to



comminution during transport, derivation from epithermal sources of finely disseminated

gold or precipitation of gold from solution (Boyle, 1979).

High fineness gold is typically found as rims around placer gold. These rims are not found on
relatively young placers suggesting either that this effect is due to post-depositional changes

of the gold or removal by abrasion during transport. Proposed rim sources are: the chemical

precipitation of aqueous gold onto pre-existing detrital grains or the preferential leaching of
Ag from the surface of gold grains due to Ag’s greater solubility in aqueous solutions. Post -
depositional remobilization of gold occurs because of gold’s low solubility in most natural
waters. Gold has been found in both soil solutions and stream waters and will preferentially
precipitate around a nucleus formed by a pre-existing gold grain (Boyle, 1979). Migration of
gold and silver in solution has been documented to be high in areas where humic (organics)
substances are high and also has been found to occur in permafrost. Evidence of transport

and redeposition of gold in placer deposits due to ground waters is as follows (Boyle, 1979):

i.) Gold and silver are constituents of most natural waters, in high concentrations
near primary gold and sitver deposits.

2.) The habit of gold nuggets is typically mammillary suggesting chemical accretion.

3) Crystals and crystal faces, and delicate protuberance of gold are common in
placers, but typically rare in primary sources and destroyed by hammering and

attrition during transport and concentration.

4) Gold nuggets may have a rind of higher purity gold, suggesting chemical
accretion of gold or preferential leaching of silver.
5.) Fineness of gold flakes and nuggets tends to increase with distance from the

source



1.2 PLACER DEPOSITS

Placer deposits are defined as deposits which have been concentrated by a mechanical agent
including water, wind, and gravity over a period of time. Concentration by fluvial processes
have preduced the most economically significant placer deposits (Slingerland, 1986).
Minerals which form placer deposits have high specific gravity and resistance to weathering;
such as gold, diamond, platinum, cassiterite and magnetite, Placer gold is typically found
with a suite of heavy, resistant minerals including: magnetite, gamnet, scheelite, and barite.
Coarse grained gold tends to be found close to the source, with particle size decreasing away
from the source. In situ chemical depositional and leaching processes may alter placer

deposits during and after deposition (Boyle, 1979).

There are many different types of fluvial depositional environments and processes which can
produce concentrations of heavy minerals on a variety of scales. Three scales of placer
formation have been identified (Slingerland, 1984): the system scale (10°m), which refers to
regional deposits such as, heads of alluvial fans, exit points of high land rivers onto a plain
and regional unconformities; the bar scale (10*m), which refers to geomorphic landform size
deposits such as, heads of mid-channel bars, bedrock riffles, scour holes, concave sides of
sharp bends and convex bends of meanders; and the bed scale (10°m), which refers to
deposits in individual bedforms, such as winnowed tops of gravel bars, scoured bases of
trough cross-strata sets, dune crests and forset beds, and plane parallel laminae. In order to
understand the formation and distribution paleoplacers, the grain and bed scale process
which leads to the concentration and deposition of heavy minerals must be discussed and

understood.



Heavy minerals, such as gold are selectively sorted at the grain scale by size and density.
Due to their high densities, they are often concentrated in the beds of streams by fluvial
processes. Most commonly the greatest concentrations are found in the lower part of the
alluvial section and in cracks and depressions on the bedrock surface. Gold may be
concentrated at other sites in a stream such as on the lee side of boulders or islands, on
meander bends, at the heads of point and channel bars, and areas where turbulence prevents
low density particles from being deposited, while selectively depositing gold particles.
(Similarly, gold is concentrated due to turbulent flow and the creation of vortices over the
bed of a sluice box). Turbulence may be created at stream and alluvial fan junctions, or
when the stream is forced against a bank or around an obstruction. Important local variables
controlling sediment movement and deposition in a stream bed are: the settling velocity
distribution of the local populations of heavy and light minerals, the long-term flow
hydraulics and energy of the site, the average roughness size of the bed, and the volume of
material processed through time (Slingerland, 1984). Four hydraulic mechanisms for sorting
are: settling (hydraulic equivalence), entrainment and transport by flowing water, shear or

dispersive sorting and interstitial trapping (Slingerland, 1984).

Settling of grains is a function of their shape, size, and density. Stoke’s Law can be used to
determine terminal settling velocity and to predict that small (small surface area) high
density particles would settle in the same environment as large less dense particles. The
concept of hydraulic equivalence, or particles with the same settling behavior in a hydraulic
regime, is based on calculations of settling-velocity from theoretical formulae, such as,
Stokes Law and from empirically derived formulae from settling tube-data (Reid and

Frostick, 1985). Figure 1.1a shows particles of different density which would settle with the
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Figure 1.1 Hydraulic and Settling Equivalents

a) Spheres of selected minerals (densities shown) that have the hydraulic or settling
equivalence of a quartz particle.

b) Comparison of empirical settling velocities for natural placer minerals and derived
settling velocities from Stokes” and Rubey’s equations.

¢) Comparison of relative size of particles demonstrating settling and entramment
equivalence

(From Reid and Frostick, 1985)



same unit settling velocity (under controlled conditions). Similarly, Figure 1.1b shows
comparisons of empirical and theoretical predictions of settling velocity for various

minerals.

Entrainment occurs when the forces which tend to hold a particle to the stream bed are
overcome by the forces tending to incorporate it into the stream flow. Particles of low
density, and high surface area are selectively winnowed, leaving a denser lag (Slingerland,
1986). Under a given flow, heavy minerals will have a lower probability of being entrained,
while particles with a high surface area, which protrude into the stream flow will
preferentially become enfrained. This mechanism separates grains into distinct populations
by size, shape and density due to differential pick-up off a bed; however, particles which
settled together on a stream bed will not necessarily be entrained together. A comparison of
particles with entrainment equivalence and those with settling equivalence is shown in
Figure 1.1c. Important variables determining the probability of entrainment of a particle are
density, friction velocity U’, grain diameter d, grain density p, and bottom roughness k (Reid
and Frostick, 1985). Bed roughness is defined as the sediment size at which 65 percent of
the bed material is finer, by mass. Entrainment is most effective for particles slightly larger
than the bed roughness, k, where frictional resistance is minimal. Frictional resistance is
greater for particles less than k and also increases for particles larger than the size of
minimal frictional resistance to entrainment.Entrainment of particles which are trapped,
deposited, on the bed may be prevented by larger clasts hidding smaller clasts. Particles of a
diameter one quarter to one third of the median size of the bed may be fully hidden and

proctected from entrainment.



In interstitial trapping small dense particles are deposited between larger clasts where they
are protected from entrainment in the stream flow. This mechanism is most effective in
concentrating heavy minerals during high flow (flood) events when abnormally high flow
rates remobilize the large clasts in the stream bed, and smal! dense particles in the bed. The
coarse material forms a frame work and fine matrix material, including small particles of

heavy minerals, then filters into the voids between the large clasts. (Reid and Frostick, 1985).

In dispersive or shear sorting, grains in a concentrated granular dispersion are separated by
size and density into different horizons. Grain collisions result in dispersive pressures
proportional to particle size and density, which force larger or denser grains upwards towards
a free surface (Slingerland, 1984). If two grains (x and y) of different density come to rest in
the same horizon, then the ratio of size to density of the two particles will be given by
(Slingerland, 1984; after Sallenger 1979):

DJ/Dy = {py/p,)*
Dispersive sorting also includes the process of kinetic sieving where smaller or denser
particles fall between larger grains, resulting in a coarse lag of low density particles at the
surface. The large particles at the surface protrude into the stream flow and have a greater

probability of becoming entrained and removed from the bed (Slingerland, 1984).

Formation of placer deposits probably involves all of the above mechanisms and processes
interacting in varying degrees, with each other in a very dynamic alluvial environment. In
order to understand how natural deposits are formed, the interaction between these processes
and the resultant particle motion on the stream bed, with different sediment sources and flow

conditions, must be quantified. An attempt at this is to define the concept of virtual velocity.



The virtual velocity of a particle is the average net transport velocity of a particle, which is a
function of the frequency of entrainment, average velocity while in motion and the settling
velocity. Density, shape and size will affect the virtual velocity by changing the entrainment
and settling velocities of particles. Virtual velocity will also be affected by change in flow
conditions, which changes the frequency of entrainment, the average velocity in motion and

the settling of particles (Fletcher, 1991).

Recently, the concept of transport equivalence has been developed as an improved
explanation of the natural size and density distributions found in stream beds,

Particles with transport equivalence will travel with the same average net transport velocity,
despite differences in particle size, density and flow conditions Transport equivalent
particles will be found in the same relative concentration (constant ratio), despite changes in
sediments and flow conditions over time, as long as, virtual velocities remain the same.
(Fletcher, 1991) Transport equivalence might be used in modelling “spatial and temporal
evolution of placer deposit” by quantifying the relative importance of settling and
entrainment for light and heavy minerals (Fletcher, 1991). Calculations to determine the
transport equivalence involve calculating the coefficient of variation (See statistical review
in Appendix I for calculation of coefficient of variation, CV) for the concentration of each
size fraction of gold in each sediment size fraction. The minimum CV for a gold size fraction
over all the sediment size fractions is considered to represent the sediment particle which has
the most nearly constant relative rate of transport, or its transport equivalent, with the gold

particle.

Gold deposits may be formed from complex cycles of transportation, deposition and

weathering of pre-existing gold deposits. Interpretation of polycyclic placer deposits may be



difficult, particularly if a deposit contains gold from several sources and there is no field
evidence of earlier deposits. An example may be a deposit with locally derived, monocyclic
gold, and paleoplacer derived, polycyclic gold. Polyeyelic deposits are difficult to interpret
due to: an apparent absence of hydrodynamic equilibrium, immaturity of the placer, the
presence of a wide variety of gold morphologies and/or chemical or hydrothermal activity

producing new gold grains or coatings on particles(Giusti, 1986).

1.3 SAMPLING PROBLEMS

Sampling for minerals, such as gold, diamond and cassiterite, which tend to occur as rare

grains, must be done in such a way that representative subsamples are obtained for analysis.

Gold has unique properties which may make sampling difficult. There are two areas of

concern that need to be addressed with respect to potential sampling problems.

I. Gold occurs as rare discrete particles and therefore particle size and

concentration are critical factors in designing sampling programs to ensure samples
contain sufficient numbers of gold particles to be representative of the material being
sampled.

2. Mechanical concentration of gold, while reducing rare grain effects, will result in

some losses and errors in data. In addition to mechanical losses, gold may also be

lost in processing due to the hydrophobicity of gold and the inability of processing
techniques to adequately separate gold particles from clays and clasts to which they

adhere.
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These two principle sources of errors associated with sampling for gold will be discussed in
further detail below. However, first the general statistical distribution for sampling rare
grains must be considered.

1.3.1 Statistical Sampling Distributions

The distribution of very rare grains in a soil, sediment or rock sample can be described by the

Poisson Distribution. The definition of the Poisson Distribution is:

P(n) = n"eV/n!

Where P(n) is the probability of n particles in the sample and y is the expected number (or

mean) of particles in the population. As n becomes large and p becomes very small the
Poisson Distribution approaches the Binomial distribution; therefore, the Poisson
Distribution can be used to describe low probability events of the binomial distribution

(Koch and Link, 1970).

Results obtained in a geochemical survey for a mineral which occurs as rare grains will be
dependent on both the size of analytical subsample, as well as, the size of particles (size
fraction) in the sample analyzed. The number of particles of gold in the subsample is a
function of both of these factors. The size of the subsample governs the probability of a

particle occurring in the subsample (i.e. the rare grain effect), while the size of particles in

the sample analyzed governs the number of particles present in a sample for a given

concentration and weight of gold.



1.3.2 Rare Grain (Nugget) Effects

The results of geochemical analysis for elements which occur as rare grains are often erratic
and are irreproducible, due to the low abundance and mode of occurrence. The number of
rare grains present in a sample may be insufficient to give representative analytical results. A
sample which is too small to contain a statistically representative number of rare grains may
result in non-reproducible results and the concentrations of gold reported may be either
anomalousty high or low. If a large number of samples is takén, a majority of samples will
contain too few rare grains and will yield values less than the true concentration, while a
small percentage of the samples yield anomalously high values. Elevated gold values, due to
the random inclusion of a single gold particle within a sample is called the “nugget effect

(Ingamells, 1981).

The nugget effect can be demonstrated with an example. Consider 300 gram samples with an
initial average concentration of 500 ppb Au, The 300 gram sample then contains 150 ug of
gold, which if assumed to be spheres of pure gold (p=19.3 g/em’) of radius 150 um, then the
sample contains on average 2.12 particles of mass 70.7 pg. The 30 gram sample taken as an
analytical portion then will contain an average of 0.212 particles of gold. Using the Poisson
Distribution, the probability that a sample will contain zero particles of gold is p(0)=0.912 or
91.2 % of the samples will have zero particles of gold. In 8.8 % of the samples the subsample
contains one particle of gold resulting in an anomalously high gold concentration of 2360

ppb, which is almost 5 times higher than the actual average gold concentration.
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Errors associated with sampling populations which can be modelled with the Poisson
Distribution can be estimated to be + IOONn, where n is the number of or particles in the
sample. At low numbers of particles in a sample, less than 20 particles, the error bounds on
the Poisson Distribution become asymmetric and calculations become more complicated
(Zarr, 1984). The asymmetric Poisson Distribution will be discussed in Chapter 5, in

determining the error bounds on the results of gold analyses.

1.3.3 Effects of Size Fraction Analyzed

The size fraction analyzed, or the grain size distribution in the sample, also effects the
number of particles in a subsample. To illustrate this, consider samples of uniform spheres
which contain a fixed mass of gold, but with a different particle diameter in each sample. As
the gold particle size increases, there will be fewer gold grains present in the sample. Thus, if
the size of gold particles increases, with sample size remaining constant, the Poisson
probability of zero particles occurring in the sample increases. Therefore, to obtain
representative samples, as the size of gold particles in a sample increases, the size of the
subsample analyzed must also increase. In determining the size of subsample to analyze, the
critical factor is the number of particles of gold which occur in the sample. Clifton (1969)
determined that the minimum sample size for meaningful gold analysis is a sample which

contains 20 particles of gold, to yield a precision of £50% at the 95% confidence level.
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1.3.4 Other Physical Sampling Problems

Pure gold, Au, is hydrophobic and is not easily wetted; because of this fine grained gold,
particularly flakey, disc-shaped particles, may float in the processing of samples. Natural
gold is commeonly in solid solution with other, more easily wetted elements such as Ag
which decreases gold’s susceptibility to flotation.(Note, hereinafter pure gold shall be
referred to as Au while gold refers to solid solutions of elemental Au, with other elements
such as Ag, Hg, and Cu) However, silver tends to be preferentially leached from the surface
of placer gold particles, producing high purity rims around the gold particles. Gold particles
coated with a Au-Hg amalgam also tend to be more susceptible to flotation than Au-Ag
alloys (Wang and Poling, 1983). The hydrophobicity of gold can cause a problem when
using mechanical processes with water to concentrate gold, as visable gold can often be seen
floating on the surface of the water. Consequently, finer microscopic particles are also then
susceptible to flotation. Impurities in water such as petroleum products (i.e. oil from heavy
equipment, hand lotion when panning) introduced in the water increases the susceptibility of
flotation of gold particles. This problem is reduced by adding a surface active agent (i.e.

detergent) to the water,

Another physical sampling problem with gold particles, is that fine, flakey gold tends to
adhere to pebbles and bedrock fracture surfaces. During processing, some types of
decomposed bedrock and highly weathered materials, may form sticky clay balls that adhere
to rocks and are difficult to break-up. Consequently, fine gold may be not be adequately
represented in processed samples. Also, any preconcentration technique will inherently result

in the loss of some gold due to mechanical sampling and processing errors.
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1.4 OBJECTIVES OF STUDY

The objectives and rationale for this study are to describe the sedimentology and the
relationship between the sediments and the distribution of placer gold in the Dominion
Creek deposit. Data compiled from field observations, sediment texture and mineralogy, and
gold grain size distribution are used to examine paleodepositional models for the Dominion
Creek gold deposit. In addition, data on the recovery of gold using the long-tom will be

reported.
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CHAPTER 2: DESCRIPTION OF STUDY LOCATION

2.1 LOCATION, ACCESS AND SITE SELECTION

The study area is located in the Central Yukon on the Kondike Plateau, 1:50000, Granville
map sheet , NTS 115-0-10, at latitude 63°42° N and longitude 138°43° W, bounded by the
Dawson Range to the South and the Tintina Trench and Ogilive Mountains to the North.
(Figure 2.1) The site is in the southeastern part of a district referred to as the Klondike
Goldfield, which lies between the Indian River and Klondike River Drainage Basins. The site
is accessible from Dawson City by 70 kilometers of good gravel road, and driving time is

approximately 1.5 hours.

2.2 REGIONAL GEOLOGY

The Yukon is comprised of the ancient North American Margin on to which more than fifty
exotic terranes were accreted during the Mesozoic, (Figure 2.2). A major Tertiary dextral
strike slip fault , the Tintina Fault, trends to the Northwest and has accommodated
approximately 450 km of movement (Templeman-Kluit, 1981). Active since mid-Cretaceous,
the Tintina Fault is recognized as the Northwestern extension of the Rocky Mountain Trench
(Gabrielse, 1991) and is one of two major strike slip fauit systems in the Yukon. The
Klondike Plateau is underlain by the Yukon Cataclastic Complex, an accreted terrane of the

North American Craton. The study area is primarily underlain by Pericratonic Terranes -

16



64°00'N

farogw

GO

OGILIVE

MOUNTAINS

® Davson

PLATEALE

NLUIANI

SPEATEAL
~.

f

| ™
FCEFIELD ™
[u ANGES N

N

™.

RLONDIRE

N
N
STEWART
PLATEAU /é
<
TINTINA 7
LEWES & TRENCH .
PLATEAU N\ P
. '
9
\\ ~

®Carmacks

Q/

NISUTLIN \\

xroadiX

PLATEAL
ESLIN - ]
a m
- PLAT ;Whiaghorsc N 60N
P e ™ .
T EOTNDARY h
\1% ANGES L ™
NTS 115-0 N.E.
ncv;:‘:.ff)..___.: l( 44'5. 1 J !}0‘ L i II” 1 ] 5 I“.ff;no.
({_ A\ (\ o RIS LS .
fgnd -\‘

- [s} S
o S e g S

wtematies 5

—
[ S’ Sga PE

s ——

Figure 2.1 Study focation map, Dominion Creek, Yukon
(From Yukon Placer Authorization, 1992 and LeBarge, 1995)

17

*

Study Location



Stikinia

Anceslal Noih Amedica
Undivided metamorphics

£
2
=
3
b
]
2
@

Arctic Alasko
Cossial
Yukon-Tanana
Quesnellia
Cache Creek
Windy-McKinley
Alexander
wrangelia
Chugach

1

Displaced Continental Margin

s
Lgal]

ACCRETED TERRANES
intermoniane Superforrane
Insi.or Super Terrane

’
|

Perfcralonic Terranos

1

Outer Terrones

fes]

CRATON
NA
TERRANES

[cc
=

AX

(From LeBarge, 1995, after Wheetler and McFeeely, 1991)
18

Figure 2.2 Yukon Tectonic Assemblages




Yukon-Tanana (LeBarge, 1995), which is composed of schistose metamorphic rocks,
greenstones and ultramaific rocks, undeformed intrusive rocks and young volcanic and
sedimentary rocks (Knight et. al., 1992). In the Klondike, this terrane is represented by the
chloritic and felsic schists collectively referred to as the Klondike schist. Most of the placer
deposits within the Yukon are located on rocks of the Yukon Tanana on the Klondike

Plateau,

The Klondike Platean was unaffected by the Pleistocene Cordilleran glaciations (Figure 2.3),
but surrounding areas, including the Dawson range, were glaciated. Morison (1985)
described the Klondike Plateau as a mature, uplifted Tertiary erosional surface, characterized
by dissected, rolling terrain with accordant ridges. Extensive subaerial erosion, with
dominant drainage to the southwest, ended in the Miocene, and resulted in a mature subdued
landscape. Rejuvenation by differential uplift began in the Pliocene and continued to the
Pleistocene. During and prior to differential uplift the White Channel sediments were
deposited. Aggredation of White Channel deposition was accelerated by local uplift and
ended as pre-Reid glacial activity and deposition of the glaciofluvial Klondike gravels

commenced in early Pleistocene.

The pre-Reid glacial activity is given a minimum age of 1.22 Ma by radiometric dating of
the Mosquito Creek tephra, which formed after the deposition of the Klondike gravel.
Downcutting and incision in the Pleistocene, due to uplift, resulted in the present drainage
patterns. Two phases of downcutting and uplift are believed to have occurred: the first
resulting in the White Channel deposits preserved as terrace gravel and the second resulting

in the present-day valley-bottom stream deposits.
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The earliest geological work in the Dawson Area was by R.G. McConnell (1905, 1907) who
described and classified the gold bearing gravels into four categories: White Channel gravel,
stream gravel, terrace gravel and high level river gravel (Figure 2.4). Geologic work on the
stratigraphy of the White Channel! deposit in the Klondike has been undertaken by Naldrett
(1981) and Milner (1976) and further sedimentology has been conducted by Morison (1985,
1991). These studies have led to an interpreted paleodepositional environment of the White
Channel as a proximal braided environment in a confined upland valley similar to the “scott-
type system” (Miall, 1978) The unit is a poorly sorted, massive gravel. White Channel
deposits are believed to have been extensive and Morison (1985) has also documented
similarities between Klondike White Channel Deposits and easterly deposits at Clear Creek.
The high level terraces of Plio-pleistocene White Channel Gravel, were previously divided
into 2 distinct units by McConnell (1905, 1907), the white and the yellow units. However,
Morison (1985} found no distinct break in sedimentation and concluded that the yellow
gravel is the stained equivalent of the white unit. Staining is believed to have been caused by
weathering and seepage of meteoric waters. Paleocurrent directions determined by a-axis
imbrications plotted on rose diagrams from the White Channel indicate the fluvial system
drained to the North. (While this coincides with the direction of many of the other major
placer streams, such as Hunker and Bonanza, it is opposite to the present trend of Dominion

Creek).

A schematic diagram of Morisons’ interpreted paleodepositional environment for the White
Channel gravels is shown in Figure 2.5. Morison (1985), has identified 14 lithofacies types in
the White Channel gravel deposits which range from laminated silt and clay to massive and

disorganized boulder gravel. The deposits are believed to have formed in a glaciofluvial
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braided river environment which included three components as follows (Morison and Hein,

in press):

1. A main valley proximal setting dominated by high discharge or flood channels in a
crudely braided system with few main channels.

2. Main valley medial to distal settings which formed well defined braided sequences
of channels and low relief unit bars.

3. Valley wall debris flows in association with either tributary alluvial fan sequences

or as independent gravity flows.

According to Morison (1985), the proximal main valley settings, with high discharge and
flood conditions resulted in very rapid rates of deposition, under highly erosive sediment-
laden flows. Large clasts are transported during high flows as bedload and interstices are
filled with finer particles when the flood levels wane. Units are clast-supported, matrix in-
filled and are characterized by scoured bases due to channelized flows of sediment-laden
gravelly flows, which contained large amounts of suspended sediment (possible
hyperconcentrated flood flows). In this setting aggradation exceeds progradation and
resulting units lack defined bedforms and structures, Medial to distal main valley settings,
show channel bedform sedimentation, ripples and trough cross-stratification. Units range
from clast support'ed, matrix-filled gravel to pebbly sands and gravels, and contacts between
units are typically flat and slightly scoured. Along the steep sloped valley walls with and
near tributary drainages of the main valley, coarse, massive gravelly beds were deposited as
sediment gravity flows independent of the main valley setting. Often these debris and
sediment-gravity flows are covered with a thin veneer of stratified gravels (to open work

gravel) which indicates they may have been accompanied by subsequent alluvial fan
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sedimentation or may have slumped into the main valley braidplain for subsequent
reworking. Debris flows were initiated by high seasonal flood runoff on unstable weathered

slopes with movement downslope, perpendicular to the main valley.

Figure 2.6 shows typical stratigraphic sections from Trail and Lovett Hills, with descriptions
of the units. In general, in the lower part of the White Channel deposit the facies tend to be
coarse grained, poorly sorted and disorganized with sorting and stratification improving
upsection. Thus, the role of fluvial sorting mechanisms improve upsection, and
corresponding increases in gold concentration upsection would be expected. However, gold
concentrations decrease upsection and the highest concentrations of gold are found in the
lower units within a few meters and on bedrock. This indicates that lode/placer sources were
available for reworking and erosion in the initial stages of White Channel deposition and as
aggregation continued the sources were depleted and corresponding gold concentrations in

the deposit decreased (Morison, 1985).

Hydrothermal alteration of White Channel sediments and underlying bedrock was first noted
by Templeman-Kluit (1982) and is characterized by the development of secondary clay
minerals. This alteration has resulted in clast becoming soft and disintegrating, and
sedimentary structures being destroyed or masked (Morison, 1987). On Dago Hill, Morison
has identified alteration to a thickness of 20-25 meters and extending 5-10 meters into
bedrock. Evidence that this alteration is due to hydrothermal process is cited as the presence
of a distinct boundary between overlying sediments and altered sediments, across which
crystalline secondary minerals are developed (Morison, 1987). It has also been suggested
that hydrothermal gold mineralization may be a factor in addition to placer mineralization

(Templeman- Kluit, 1982, Morison, 1987).
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2.3 KL.ONDIKE PLACER DEPOSITS (SOURCE)

The sources of Klondike placer gold remain unknown, this topic is contentious and highly
debated. Extensive exploration for lode sources has identified several small bedrock sources
of gold in the Klondike, however, no source of sufficient size to account for the enormous
amount of gold recovered has been identified. Potential sources of the Klondike gold have

traditionally been hypothesized as one of the following (Knight et. al., 1994):

1.) Undiscovered or completely eroded mesothermal gold-bearing quartz veins
within metamorphic rocks

2.) Epithermal gold-bearing veins and alteration zones associated with Eocene
quartz-feldspar porphyry bodies.

3.) Gold disseminated in pyritic, felsic schists

4.) Epithermal gold bearing veins and alteration zones within White Channel gravels
and underlying bedrock (low temperature)

5.) in situ growth of gold in alluvial and/or colluvial deposits (Quaternary)

Knight et. al. (1994) determined that the geochemical signature of most Klondike gold was
typical of “mesothermal” vein systems, with the exception of the very low fineness deposits.
Epithermal gold is not considered to be a viable source for the placer gold of the Klondike,
as the gold from epithermal systems is very fine grained and is not characteristic of the
coarse gold which is recovered in the Klondike placer mines (However, current placer
mining methods would not likely recover fine grained epithermal gold). Currently there is no

evidence to support the growth of gold crystals or precipitation of gold on the rims of pre-
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existing gold particles in the “White Channel” sediments. Consequently, Knight et. al.,
(1994) concluded that most if not all of the Klondike placer gold was derived from
mesothermal quartz veins which may have been of considerable vertical extent, which are
now either completely eroded or yet undiscovered. The shape and composition of most
placer gold in the Klondike is detrital and from low fineness sources. Gold in most creeks
has a distinct geochemical signature that allows the point of entry into the stream and links to
lode sources to be determined (Knight et. al, 1994). While potential gold-bearing lodes have
been identified none of sufficient size to be the source of the large quantity of Klondike gold

have been located.

2.4 PERMAFROST

The study area is situated within the discontinuous permafrost zone, with an annual mean
daily temperature in the area is -5.5°C (Whal, 1987). Locally, permafrost is known to be
present to, at least, depths of 100m. Drill hole data from Keno Hill, in Mayo indicates the
thickness of permafrost is 135 m (Brown, 1978). The maximum depth of permafrost in the
local area is unknown. Permafrost is defined as ground (soils or rock) which remains at or
below 0 degrees C for at least 2 years, and does not depend on the presence or absence of ice.
The surface active layer, which thaws each summer, is approximately 0.5 meters thick in the
area. The peat and moss, which are characteristic in the valleys of the Klondike, have a very
high insulating potential and prevents the formation of a deeper active layer. Where the

ground is not covered by organic material the surface active layer tends to be thicker. Also,
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the active layer tends to be thinner on the North facing slopes and sides of valleys, than on

the opposite slopes, where the active layer may be as deep as 2m.

Ground ice is present in the thick colluvial deposits of silty organic mud characteristic of
valley floors in the Klondike as relict (Pleistocene) ice wedges (Naldrett, 1982) and buried
snow banks (French and Pollard, 1986). These ice masses have been preserved largely due to
the insulating capacity of the thick peat and moss surface layer. Ice wedge casts form at the
top of the permafrost boundary and record cyclic freezing and thawing. An ice wedge cast
was found 1.5 meters above bedrock in the Dominion Creek pit. In the White Channel
sediments ice wedges are found about half way up the section, and record a previous
permafrost boundary. Work by Morison (1985), has suggested that this paleo-permafrost

level may coincide with climatic cooling at the Pliocene - Pleistocene boundary.

Thermokarst features produced by the melting of ground ice are present in the form of
progressive thaw stumps. As ice rich, permafrost sediments and scils are exposed along river
banks, or devegetated areas (such as forest fire areas), in the summer months the ice is
progressively melted. In steep headwall slopes, the soil may liquefy and flow forming a
disorganized deposit. The process continues indefinitely or until an insulating layer covers

the face (Burn, 1987).

2.5 LOCAL GEOLOGY OF STUDY AREA

The study area is located on the left limit (south side) of the broad Dominion Creek valley

(Figure 2.1) High concentrations of gold are found at the confluence of Dominion with its
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right limit tributary, Gold Run and along the right limit of Dominion Creek (Figure 2.1).
Both areas have been heavily worked over the last one hundred years. Recently a high grade
placer deposit was discovered on Veronica Creek, a small left limit tributary of Dominion
directly across from Dominion’s Confluence with Gold Run and also gold-bearing quartz
gravels were discovered on high terraces of Dominion Creek. Figure 2.7 shows a schematic

cross-section of the deposits of the Dominion Valley.

2.5.1 SEDIMENTOLOGY

The site is covered with a frozen organic/moss layer about 2 meters thick lying on 2 -5
meters of dark gray silty mud. Beneath the mud layers 1-2 meters of rusty sand may be
present grading downwards to rusty brown pebbly sand or gravel. At a depth of about 8
meters from surface the rusty gravels are underlain by medium to dark gray gravels which
contain the bulk of the economic placer deposit. The paystreak occurs in the paleochannel
of Dominion Creek, which is in the order of 300 meters wide and 12 - 18 meters below the
present surface. The richest deposits occurred in the deepest parts of this channel along the
right limit of the valley (right hand side looking downstream, to the Southwest), and was the
focus of past mining. Bedrock is at an average depth of 12 meters below the surface, and the
upper 0.5 meters of bedrock is also part of the placer deposit. Permafrost extends from

surface to an unknown depth.

Gold is know to occur throughout all of the gravel units, with the greatest concentrations
being found near bedrock, but with significant amounts in the lower gray gravels 2-2.5
meters (6-8 feet) above bedrock. Contacts between beds most frequently are scoured, and

less commonly are planar or gradational. Organic debris, mud lenses and open work gravel

30



"(eBed 2y ojur) YINOS 3y 0} SI 9SINOD WEBAIS
uasaid oy} pue A3[[eA 3y3 JO JwWI| Y] 9y} uo pajeoso] si ay1s ajdwes oy .V_om.wo :ME.MEM%, wm%._:ohm
¥ 9] 9y} U 100[} A9||BA 33 2A0qE (1J00]) W 0f P23eo0] ale s[aAed zyenb :CM M_mw il
ﬁ.»o BA 913 JO J1wi] WS a3 Suofe [suueyd siy} Jo syed 3sadadp oy} Ul paLINI0 SH .@ =

osw_cﬂuzg mﬁ. E. .ﬂ_mmmom_ A3[[B A 931D UOIUIWO(] 3Y) JO UOIJOIS-SSOII DIJRWYDS /7 1]

]89S 03 Jou
Kajjea jo yed 3sadasp)
e s|oaeid wopogq-Kajea (3s1yos ay1101y0) yo01paq
UOIBHUIDUOD P[OT ISaYSIY Y} YHM SJUSWIPas i _
- SE R R R T R L

Ioke] ssow pue Jis yoL-o1uegio ops ojdwes

39310 uotuiwo( Jo

aad
pRGRERagcs S|eARITZ o0R1I9)

«b [PUUBYD AYM,,,

1seq ynog

1S3\ YHON




and sand are interbeded in the deposit. Units in the gray gravel vary from a clast supported
matrix filled, slightly imbricated gravel to a disorganized to massive gravel, which contains
between 0 - 35 % of angular bedrock and a high content of fine matrix material. The
orientation of bedrock clasts is often planar or dipping slightly into the valley. Beds range in
thickness from 0.1 m to 0.75 m. A generalized stratigraphic section is depicted in Figure 2.8.
Stratigraphic sections cannot be used to connect units between sample locations as the units
are not laterally continuous in the cut faces and represent multiple deposition sequences.

(The sample locations are presented in Figure 3.2 of the next section.)

The unit sampled is a massive to disorganized pebble-boulder clast supported gravel directly
overlying bedrock which varies from 0.3 - Im thick. (Plate 2.1 ) Clasts are approximately
80 % rounded to sub-rounded quartz, 10 % sub-angular felsic clasts and varying amounts of
angular, friable bedrock. The unit lacks sedimentary structures and often appears
disorganized, which made measuring pebble imbrication difficult. A Rose Diagram of the
thirty measurements, taken from small gravel lenses and occasional pebble-cobble units, was

insufficient to yield a paleocurrent direction and is therefore not presented.

The lack of sedimentary structures typical of fluvial deposits and the planar to slightly
inclined (toward the center of the valley) orientation of bedrock clasts indicates that this unit
may be a result of mass wasting, potentially in combination with fluvial reworking
processes. Units with a high percentage of locally derived bedrock and highly scoured basal
contacts, are believed to have been formed by debris flow. The proximity of the site to the
valley walls and the potential input from tributary alluvial fans support this hypotheses.
Massive units, with lower bedrock contents, and less scoured basal contacts are suspected to

have been deposited by the main channel by rapid deposition and aggredation during high
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1-2m Peat, moss and organic rich soil

2m Dark gray silt

1-2 m Rusty massive to cross bedded sand

5-7m Rusty, massive to crudely stratified, clast
supported, matrix-filled, quartz, pebble-cobble
gravel. Beds are 0.1m-0.75 m thick, with small
interbedded lenses of openwork pebble-sand and
silt. Contacts are gradational to slightly scourcd.

3-5m Gray, massive to disorganized, clast-
supported, matrix-filled, quartz gravel with
scoured basal contacts between units. Bed are
0.1m -0.5 m thick and the locally derived bedrock
content varies from 0-35 %.

Figure 2.8 Generalized stratigraphic section of deposits on the left limit of Dominion Creek

33



Plate 2.1 Representative photograph of unit sampled from site T-5.
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water flows, which accounts for the lack of defined bars, channels and bedding. However,
arid environments with seasonal major flood events may also result in the accumulation of
sediments with a high percentage of fine matrix material, from mass wasting events. The fine
material in these sediments may have been reworked and removed from the deposit due to

low water volume and energy throughout the rest of season (Fletcher, per. com.)

The Dominion Creek bench gravels were re-discovered by J.S. Christie in 1993. There are a
number of “old timers™ shafts in the area. These bench deposits were not part of the current
sedimentological study and are included here only on account of being new information
pertinent to the interpretation of the surficial geology. About 50 backhoe trenches were
examined in 2 separate areas north and south of the Rob Roy Creek, a tributary of Dominion,
which has bisected the terrace. The quartz gravels are so much as 11.5 meters thick with the
base of the gravels (bedrock surface) about 30 m above the floodplain of Dominion Creek. It
is believed that these quartz gravels are remnant at the ancestral bed of Dominion Creek, the
remainder of which have been eroded, re-worked and incorporated into the present day

valley-bottom deposits of Dominion, which are the focus of current work.

Gravels on the terraces of Dominion Creek grade downwards from mature (clean) to
massive and disorganized, quartz gravel. Sediments on the benches are more mature than
those sampled from the valley bottom deposits sampled and the content of locally derived
bedrock is low (approximately 5 %). Testing has produced only fine grained gold; no coarse
nuggets have been recovered. At present gold prices, the deposit is of marginal economic
grade to mine. Bedrock clasts are highly weathered in the bench deposits and are obvious in
frozen material but disintegrate when thawed. The matrix is also strongly weathered and

when sampled and sluiced these materials generate a lot of suspended silt and clay which
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turns the sluice water milky. The presence of these highly weathered deposits on dissected
terraces 30 m above the valley floor, confirm it is an older unit than the valley bottom
deposits. The thickness of the unit indicates that the terrace gravels were extensive at one
time and are remnants of the bed of a higher level ancestral Dominion Creek. These high

level terrace gravels are postulated to be contemporaneous with or to be White Channel,

2.5.2 BEDROCK GEOLOGY

The area is underlain by friable chlorite, muscovite, and biotite schists which may contain
coarse pyrite and garnet porphyroblasts. Foliation in the schist trends approximately 150 ¢/
50°W and the gross bedrock slope is at less than 1% to the southwest paraliel to the present
stream course direction. In the mining pit, the bedrock also rises significantly towards the
southeast wall, where the samples were taken, and continues to rise into the adjacent
hillslope, at approximately 3 %. This sharp rise in bedrock appears to coincide with the left
limit of the paleochannel and is the limit of the economic placer deposit. The bedrock-gravel
contact is highly undulatory, with large scour holes up to 0.5 meters deep in some locations.
The upper 0.3 meters of bedrock is often highly decomposed to a green-gray, plastic, clay-
rich cap. Fresh bedrock during mechanical processing breaks down easily into a range of

sizes from: smaller pebble sized fragments to silt size, individual minerals.

Some quartz veining is present in the schist, however, these veins are not gold bearing.

Minor supergene enrichment of gold in the schist bedrock appears to have occurred in the

area; but, preliminary drilling, sampling and investigation by Christie has indicated that the
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zone of enrichment does not extend beyond 2 meters into bedrock. Placer gold is found in

bedrock cracks and foliation to depths of approximately 0.5 meters.

Pyrite crystals in the bedrock range from finely disseminated to 2-3 mm. Upstream
approximately 1 km, at another mine site, the chlorite schist bedrock contains larger cubic
pyrite crystals up to 1 em in width. Faulting is also evident in this area as there are clear
offsets within the schist sequence along well defined gougy fault surfaces. Offset may also

be seen between stratigraphic layers in some locations.

2.6 CHARACTER OF GOLD IN THE STUDY AREA

The gold in the study area typically occurs as discrete particles, usually as flakes, rods or
cylinders, with 85 % finer than 1.68 mm (passing 2 ASTM # 12 sieve). Assays on gold bars
shipped from the mine average 85% pure gold with silver being the principal impurity. While
some gold appears slightly crystalline and has a delicate structure other flakes and scales
appear to have been ductily deformed and are folded and hammered. Hammering and
abrasion have been found to be the dominant mechanisms in fluvial environments to decrease
particle size (removal and breakage), flatten particles and increase roundness. Approximately
5% of Dominion Creek gold is found attached to quartz due to hammering and smearing of
gold onto or around quartz grains. Klondike gold characteristically has high fineness rims
which have been caused by leaching of Ag, not precipitation of Au (Knight et. al., 1994
Kiondike placer gold morphology and fineness have been studied and described by Knight

et. al., (1994), to determine a relationship between shape, texture and distance from a
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potential lode source for gold the 0.2 to 1.5 mm range. Knight et. al., (1994) concluded that
the Dominion Creek system could be treated as a simple system with the lode source at the
headwaters of Dominion Creek based on gold compositions studies. However, no major lode
source has been identified at the headwaters of Dominion Creek despite extensive trenching,

drilling and the excavation of an adit

Heavy minerals associated with gold in the Dominion gravels are garnet, kyanite, pyrite and
small amounts of magnetite and zircon. Pyrite cubes derived from the local decomposed
bedrock are locally abundant. Approximately 25 % of gold from this mine is coated to some

degree with a dark gray, manganese oxide coating, which can be removed with nitric acid.

Gold particles from the Dominion deposit can be described as primarily disc shaped with a
small proportion of rod like and spheroid shapes. However, as a portion of this study was to
accurately determine numbers of particles of gold and gold concentrations, a means of
quantifying the shape of particles was needed. A method of characterizing the shape of
particles in calculations is to use Corey Grain Shape factors, which relate the particle shape
to a sphere with the sample diameter as the long axis of the gold particle. Twenty particles
from the 0.212-0.425 mm size fraction were selected and the 3 axis were measured with a
microscope. It Is impractical to attempt to measure smaller size fractions with an
petrographic microscope and measuring the three axes became impossible below 0.212 mm.

The Corey Grain Shape Factor was Calculated using the following formula:

Corey Shape Factor =(Thickness)/ (length*width)'?
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The values obtained were found to vary from a maximum of 0.25 to minimum of 0.12, with
amean value of 0.19. As a small number of particles was measured and the method of
measuring was not very accurate, particularly for the thickness of the particles , the values

calculated are only an approximation.

Knight et. al., (1994) analyzed gold particles from the Klondike and determined Corey grain
shape factors for locations further downstream, on Dominion and Indian River (which
Dominion is a tributary) (refer to Figure 2.1), Their samples were taken approximately $ km
below the site sampled in this study, before the confluence of Dominion with its major
tributary Sulphur Creek. At this location the Corey grain shape factor was determined to be
0.15, based on 56 particles between .2 mm and .15 mm, mounted and viewed under a
reflected light microscope. A further 5 km downstream below the confluence of Dominion
with Australia creek, Wounded Moose and several smaller creeks the stream is known as
Indian River. At this site Knight et al. collected 86 particles of the same size fraction and
determined a Corey Grain shape factor of .175. These values for grain shape factors are close
to the values calculated for the gold in this study. However, as grain size factors generally
decrease as particle size increase the assumed CSF for gold finer than .425, is larger than
these determined CSF to account for larger grain size. A CSF of 0.20 was adopted for
calculations within this study. A visual estimation of a limited number of gold particles
confirm that approximately 80 % of gold particles in Dominion creek occur as flakes with
the remainder occurring as spheres, rods or irregular shapes including folded and ductily

deformed shapes.

Giusuti (1986) found that the average Corey grain shape factor (CSF) of gravity recovered

gold increases as the particle size decreases. Gold lost to the tailings givers very low average
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shape factors (i.e. high degree of flattening). Thus, the apparent increase in the CSF for the
) smallest fractions recovered with a mechanical concentration method is likely due to flaky

i gold particles being more difficult to recover that more spherical ones.

) 2.7 SUMMARY

The deposititional process and environment in which the Dominion Creek gold deposit was
formed are poorly understood. Information from mineralogy, sediment texture and gold grain
size distribution may be useful, in conjunction with the field observations, in understanding

the paleodepositional environment which formed the Dominion Creek gold deposit.
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3.0 SAMPLING AND ANALYTICAL METHODS

3.1 INTRODUCTION

The field work for this study was conducted progressively thorough the months of June, July
and August, 1995, as mining advanced and new exposures were created. Sixteen 160 -190
kilogram samples were collected along the mine cut face and stratigraphic sections
compiled. Samples were concentrated in a long-tom (sluice run) set up at a stable, permanent
location where the process could be carried out under controlled conditions. For each sample
the long-tom concentrate, a portion of the tailings and a split of the original sample were
retained for analysis. Laboratory procedures included wet sieving and fire assay, atomic
absorption spectroscopy. Figure 3.1 shows a summary flow chart of sample preparation and

analysis.

3.2 FIELD TECHNIQUES

3.2.1 Data Collection and Stratigraphic Sections

Sites to be sampled were carefully selected at regular intervals along a 610 meter long
vertical wall running 050° as shown on Figure 3.2. About 130 meters of the total wall length
was inaccessible because of waste piles which pre-dated the sampling. Sites were selected so
that samples could be taken from a basal gravel unit lying directly on bedrock; that was
sufficiently large to sample (over 20 cm thick), contained no interbedded sands, mud or

organic debris, appeared uniform and to represent a single phase of deposition (i.e. a single

41



COriginal Sample
16 Samples
130 -190 kg,

Field Splir -
Coning Quastering
I
| Long Towm

Danyp Sieve Long Tow Concentrate | . Catch Tub

+8mm i - B mm
| | .
- N Wet Sieve
Discard Wat Sieve ~8 kg “ ?ml'
I e e— i + 200 mm
168 - Tumn . 128 - 206 mm
119 - 1.68 nun Wd[Slcvc 91 198 rum
W8 - T 19 mm e #1- 98 mm
1495 844 mm 1.68 -2 mm 45 64 mm
025 - 0,595 119 163 mm 3-45mm
9212 6425 mn VB4 - P19 mm 16 3‘: T
01800212 nun 0.59% - 0.%41 mm 8- I mm
AT 0150 Ty 0.425 - 0,395 nun 4-&mm
LG75 - 01645 i G212 - 0475 mm 2.odmm
0.033 - 0078 nun 0156 - 5,202 i =2 mm
- 0053 mim 0,100 - 0,150 mm
0.075 - 9,106 mm I
| 0053 - 0.07 mm W igh
. - G053 moy
by - 2 mm E
f T |
Weigh
Dry ~5kg

- 0425 mm | 0418 nn Photograph
i PVC sampler

> “7 ar -
1 Sample 15 Samples cigh r

Wef Sieve
BTN 3 o L
Trial 1 1.68 - 2mm
30g « 0425 pun | + 0,425 mm 119 - 1.68 numt
0.841 - 119 mum
FA-AAS | 0.595 - 0.841 mm
Spiit 0,425 - 0,595 mm

L 0.212 - 0.425 mm
(Jemes Splitter) 0.150 - 0,217 mm
0.100 - 0133 mm
'S e 0.075 - 0.106 mm

Samyple $.053 - 0.075 mum
- 0053 mm

|
Dry
|
Weigh

15 Sangeles

- 0425 mn: +0.425 nm

l
Split

(Jones Splitter)

i Sample 15 Samples
Trial2 30g
30g Fa-AAS
FA-AAS

Figure 3.1 Summary Flow Chart for Sample Preparation and Analysis

42



! OGN |
N . !
{ T

|

|

\\"\--m

- N
' a"’nmian \‘

= S
| Dominion i /_)
[ /" Min
»\2 Jensen

& Creek
° \
/

Vilrreren:

‘5° \
[ .
‘ .-F' / Py cen
: Lo .,/
%

)

) Sulphur

b\o‘?
un

Granville Qo7 \“l.:.'/“t/’
Cominion R MINE PIT
' MINE PIT
T-13 g
) T-12 q
T-11 C
T-10

Figure 3.2 Sample Sites in Mine Pit

43



unit). A hand level and hip chain were used to survey the sites and determine the relative
elevations of bedrock. At each site a stratigraphic section was drawn and the section was

described. Plate 3.1 shows a typical vertical section of the deposit

3.2.2 Sample Collection

Samples weighing 150- 190 kilograms were taken from each of the 16 sites shown on
Figure 3.2. In order to obtain a sample it was necessary to wait about 2 weeks after the
completion of mining to allow permafrost to thaw. The site was prepared by first clearing
away all debris, sloughed from the upper units, to reveal a clean face of the deposit. Bedrock
in front of the sample was cleaned and a layer of washed orange-brown sand was spread to
form a pad on which to put the sample and mark the bottom of the sample. The sample
material was extracted as a panel from a clean face by scraping with the bucket of a Cat 235
excavator' . (Plate 3.2) The sample was puiled forward onto the prepared orange sand pad

which distinguished it from the underlying bedrock of the pit floor.

The sample was manually shoveled into 6 standard 20 liter (5 gallon) pails, each weighing an
average of 35 kg (78 pounds). Pails were weighed, wet, in the pit on a small platform scale
to give a rough weight, The samples had high water content when removed from the pit wall,
due to permafrost meltwater, but rain and sample size precluded air drying and more accurate
weighing at the pre-sluicing stage. The sample was then transferred to large (+ 20 liter)

labelled bags, sealed with twist ties and flagged for easy identification. All sample bags

' The backhoe bucket was enhanced with 5 hardened steel teeth, which are required to penetrate into
permafrost.
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Plate 3.1  Vertical
section of pit wall at
sample site T14. (a)
Shows section of pit
face (upper peat and
some mud have been
removed). (b) Shows
a closer view of the
bottom units of the
deposit.




Plate 3.3. Long-tom and catch-tub setup
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from a sample site were stored together on a single pallet and covered with tarps until

moved to the processing area.

3.2.3 Processing Samples

3.2.3.1 Mixing Sample and Splitting

A field split control sample was taken to determine the amount of fine size fractions which
would be lost by sluicing so that an accurate size frequency distribution could be
reconstructed for the fine size fractions. Each of the 6 bags of sample were individually
poured out onto a piece of plywood, mixed with a shovel and were then cone and quartered
twice. The material remaining from all of the bags was then further cone and quartered until
approximately half a bucket of material was selected. The remaining 5.5 bags of sample were

put aside for sluicing. The piece of plywood was swept clean between samples.

The damp field split sample was then sieved in an 8 mm sieve onto a tarp supported by a
piece of plywood. The less than 8 mm control sample was placed in a plastic sample bag,
labelled and stored. Material coarser than 8 mm was discarded. The sieve was cleaned

between samples with a wire brush and the tarp and plywood was also swept clean.

3.2.3.2 Sluicing Sample

Equipment used to sluice the sample consisted of a large steel dump box, a steel long-tom
(sluice) and a large steel tailings collection tub(Plates 3.3 and 3.4). The dump box consists of
a 6 x 4 foot 16.5 inch deep metal tub placed on a 2:1 incline with a 4 inch drain/cleanout at

the lowermost corner. Within the dump box a 2 x 3 foot metal screen was placed on an
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incline to act as a grizzly to separate large rocks. The grizzly prevents large rocks from

entering the long-tom where they could potentially plug up the run.

The long-tom consists of a shallow 2 x 3 foot dump box joined to an 8 x 1 foot sluice run
set on a 1 (vertical) to 2 (horizontal) slope. A spray bar at the throat of the dump box
controls the flow of material into the run and provides the necessary water for sluicing. The
run was lined with 8 - 1 x 1 foot pieces of unbacked 3M Nomad rubber matting overlain by
4 - 1 x 2 foot pieces of light expanded metal riffles held firmly to the mats with wooden side
pieces and wedges. The expanded metal was oriented as shown on Plate 3.4b such that
vortices would be created close to the matting and would drive heavy particles into the mats

where they become trapped (Clarkson ,1990).

The tailings collection tub was of similar size to the dump box and has water drain plugs at

the 2 and 12 inch levels as well as a 4 inch drain/cleanout at floor level.

After the separation of the control sample, the remaining 5.5 bags of sample were sluiced.
The sample was washed with garden hoses through the screen in the dump box and the clean
cobbles and boulders were picked off by hand and placed in buckets for later size grading.
When all of the sample was washed, the screen was lifted and the entire dump box and

screen were cleaned.

The material passing through the screen drained out of the dump box into the smaller dump

box of the long-tom run where a spray bar further washed the material and prevented surging

of material into the run. The amount of water coming out of the spray bar and from the
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garden hoses was kept constant for all samples. During sluicing, the run was kept free of

rocks and pebbles by hand picking to minimize scouring of the riffles.

Upon completion of sluicing the supply water was turned off except for one garden hose
which was used to clean out the run. All of the concentrate was washed intoa 24 x 12 inch
aluminum bin under the end of the run as the sluice was cleaned. The wedges and the wood
holding down the expanded metal were removed and rinsed with the hose in the run. The
mats were then placed in the aluminum bin and the entire run was thoroughly rinsed. Then ,
the aluminum bin was removed from the bottom of the sluice, placed on the ground and
filled with water. Each of the mats was gently shaken and rinsed in the bin until clean. After
carefully decanting the water, the bin of concentrate was placed in the sun to dry.
Unfortunately, the weather precluded complete air drying of the samples. The semi-dry
concentrate was scooped into sample bag using a metal spatula. Material remaining in the tub
was placed in the sun until dry, after which it could be removed by gentle banging on the
sides of the tub and finally by the use of a new clean paint brush to sweep the material into a
sample bag. The sluicing of each sample took approximately 45 minutes to an hour. During
sluicing and cleaning of the long-tom, detergent was added to the water to prevent gold

floating on the surface of the water and subsequently being lost.

During sluicing, an Imhoff cone sample was taken from the overflow of the tailings tub, to
determine the amount of settleable solids being lost. The test involves sampling one liter of
water in a graduated plastic cone. The sample was allowed to settle for 1 hour before a
reading was taken. The average reading taken for the samples was 2.1 ml per liter of water.
This reading indicates that a significant amount of fine material is washing over the top of

the tailings collection-tub. While this number can not be directly converted to grams of
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sediments - due to variability in the amount of water used in each sample, the variation in
the fine content of the material being processed at any time, and the variation of the amount
of sediment in the sluicing water over time - can be used for an estimate. An approximation
of the amount of fines lost in sluicing would be in the order of 300 grams, based on rough

calculations

3.2.3.3 Collection of tailings and sieving for grain size analysis

The sluice water and tailings were collected in the large tailings collection tub, and upon
completion of sluicing, the suspended solids were allowed 15 minutes to settle before the
water was carefully drained. The tub was placed at a slight incline, so that all of the water
could drain out of the tub. The tailings were shovelled up to the high side of the tub in a large
pile in preparation for wet sieving through three nested square metal 1.5 foot sieve boxes

shown on Plate 3.5.

The boxes contained 16 mm, 8 mm and 4 mm screens which were placed in the lower
portion of the large metal tub containing the tailings. A flat shovel was used to scrape the
tailings off the bottom of the tub and place it in the sieves. Two standard 1/2 inch garden
hoses, powered by a four horsepower Honda pump were used to wash the material through
the sieves. The sieves were also rocked back and forth by tilting them on their edges for 1
minute and then turned ninety degrees and rocked back and forth until the material appeared
clean. The material which remained in each of the sieves was collected in separate buckets,
but the material from the 16 mm screen was washed through over an additional 32 mm
screen, which was laid over the top of the bucket. Thus the plus 32 mm material could be

removed and was set aside for further grain size grading.
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Plate 3.5. Equipment used to sieve the material in the catch-tub.
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The buckets used were 20 liter pails cut in half, so that they would easily slide into a cradle,
constructed of a milk crate, which could be suspended from a scale. The bottoms of all of the
buckets were drilled with appropriately sized holes to facilitate drainage while preventing the
loss of material through the openings. During sieving the drainage plugs in the tub were
closed to prevent the loss of fine material. The water collected in the tub was also helpful for
the 4 mm sieve, which after the removal of the 16 mm and the 8 mm sieves could be directly
sieved into the tub. The process usually required two people, one person to shovel the
sample and rock the sieves, while the other person held the hoses and cleaned the sieves into

the appropriate containers.

After the box sieving was complete, only the minus 4 mm fraction remained in the tailings
collection tub. The upper drainage plugs were removed and the excess water drained off.
Then the bottom, large plug was removed and the material was washed with the hoses out of
the drain and through the 12 inch circular plastic 2 mm sieve. The material that was less than
2 mm was caught in a 24” square, water filled tub placed under the drain so that the sieve
could be agitated under water. The 2-4 mm material was poured out of the sieve into a
bucket with drainage holes less than 2 mm. The less than 2 mm material was left in the tub
and the clean excess water was carefully decanted from the surface after particulate matter
settled. Liquid detergent (biodegradable) was added to all water used in the sieving process
in an attempt to prevent the loss of gold due to flotation. The different size fractions were
placed in the basket of the scale, their weight recorded, and the percentage of quartz, bedrock
and other clasts visually estimated. Each size fraction was then spread out on a piece of
plywood, labelled with sample number and size classification and photographed for future

reference. Plate 3.6 shows sediments for the 16-32 mm size fraction from two samples.
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Material larger than the 32 mm screen from both the box sieving of the tailings and the
material screened off by the grizzly was hand sized using an aluminum template into the
following size fractions: 32-45 mm, 45-64 mm, 64-91 mm, 91- 128 mm , +128 mm. The
coarser material was then sorted into lithological categories, quartz, bedrock and other
smaller categories such as chert and sandstone. Each size category of +32 mm, was weighed
for each different lithology. Thus the weight percent of each lithology could be determined.
Weights of the coarse size fractions and estimated percentages of each lithology are in
Appendix A. The entire grading and sieving process took approximately four hours per

sample.
3.2.3.4 Transport and Storage of Samples
The samples were placed in plastic bags and firmly sealed with metal ties, packed into a

wood crate and sent by freight truck to U.B.C. The samples arrived in good condition and

bags were all intact.

3.3 LABORATORY PROCESSING

3.3.1 Sieving

All of the samples including the field split control sample and the long-tom concentrate were
wet sieved through a series of eleven sieves using the apparatus shown in Figure 3.3. The
sieve stack was mounted on a standard 23 liter pail through a specially cut hole in the lid. A

thick rim of silicone seal held the sieves firmly in place and prevented any material spilt
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from entering the pail. Most of the samples weighed about 5 kg and these were all washed
through the sieve stack in approximate 400 gram batches. With the help of a small hose and
clean fingers the samples were gently disaggregated and worked through the top sieve until
the material was visibly clean. The top sieve was then removed and the contents were rinsed
into a labelled drying tray. The sample was washed through each successive sieve and the
material from each sieve was rinsed into a separate glass tray. The end of the hose and the
hands were carefully washed between sieves to avoid contamination of the size fractions.
Material and water passing through the final 0.053 mm sieve collected in the 23 liter pail.
The process was repeated until the entire sample was separated into the 12 size fractions: the

procedure took between 4- 6 hours per sample.

Occasionally a sieve, particularly for the finer fractions, would become clogged and water
and fine sediments would leak out from the joints between sieves. The hole in the lid of the
pail fitted snugly to the bottom sieve and prevented overflow from contaminating the fine (-
0.053 mm) size fraction collecting in the pail. Fresh water was used to wash the sample until
the collection pail was approximately three-quarters full, and then a pump was used to
recirculate the water from the pail to prevent loss of fines which would occur if the water
were to overflow the pail. After the entire sample was processed the pail was labelled, and
sealed with a lid and the -0.053 mm size fraction was allowed to settle for at least 48 hours
or until the water was clear. The water was then decanted and discarded, while the sediment

was washed into a glass-drying tray.

All of the samples in glass trays were oven dried at approximately 150°-200°C and then were

carefully weighed and transferred to plastic sample bags.
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Between samples the sieves were thoroughly cleaned with a stiff bristle brush, a tooth brush
and water until the screens were visibly clean. Any breakage in the screens found during

cleaning or sieving were sealed immediately with epoxy.

3.4 SAMPLE PREPARATION FOR CHEMICAL ANALYSIS

Prior to being sent for chemical analysis, samples weighing more than 30 grams had to be
reduced. A large Jones Splitter was used to bring samples down to 100 - 200 grams, and a
smaller Jones Splitter further reduced the sample size to 30 - 45 grams, by repetitive splitting
when necessary. The samples were nlaced in randomly numbered, pre-weighted plastic vials.
Samples less than 30 grams were transferred directly from the plastic sample bags to the
randomly numbered plastic vials. Between samples the Jones Splitters were cleaned with

compressed air.

On drying the -0.053 mm size fractions solidified and had to be disaggregated with a mortar
and pestle prior to splitting. Splitting was required for a few of the tailings catch tub -
0.053 mm samples, but most were less than 30 grams and did not require splitting. The
mortar and pestle were thoroughly cleaned with tissue paper and then with compressed air

between samples.
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3.5 GEOCHEMICAL ANALYSIS

Geochemical analysis was done by standard fire assay - atomic absorption spectrometry
(FA-AAS), by Chemex Labs, North Vancouver. 30 gram subsamples, approximately one
assay ton, were submitted where enough material existed. Samples or size fractions with less
than 30 grams were completely analyzed by FA-AAS. Analysis of 30 gram samples was
selected over 10 grams samples to reduce potential “nugget” effects and increase the
probability of the sample to contain a statistically representative number of particles. Larger
analytical portions for FA-AAS are not commonly available as 30 grams is an upper,

practical limit, for samples in this technique . The detection limit for FA-AAS is 5 ppb.

Trial analysis was undertaken on two small batches of samples prior to sending them in, to
determine if representative gold values could be obtained from the field split samples.
However, if nugget and sample size effects were significant in the trial analysis then both
the catch-tub and long-tom concentrate samples would have to be analyzed, at considerable

more expense.

3.5.1 Trial Analysis 1 and 2: FA-AAS

The purpose of trial 1 was to determine if analysis of the field splits would give sufficient
precision for meaningful gold analysis. The concentration of gold in the samples was
estimated to be 1 ppm (Conversion factors in Appendix I) or less in a given sample based on
average gold grades at the mine. Estimates from Clifton (Figure 3.4), showed that the 30
gram subsamples could potentially give meaningful gold results for the finer size fractions at

concentrations of 1 ppm gold. Using the assumption that the gold particles were present as
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Figure 3.4 This chart from Clifton (1969), showing the relation of gold grain size and grade to
preconcentration requirements was used to estimate whether meaningful gold values will result
from analysis of Field Split samples. If the gold particles are assumed to be spheres (circles on
the chart), the analytical results for a 30 gram sample would only be meaningful without
preconcentration for the -0.053 mm size fraction. If it was assumed that the gold particles
occurred as flakes with a diameter to thickness ratio of 1:10, then three size fractions, -0.053
mm, 0.053-0.075 mm and 0.075-0.106 mm, were predicted to give meaningful gold results. The
concentration of gold in the sample was estimated at 1 ppm.
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spheres with a diameter equal to the logarithmic average of the bounding sieve openings,
Clifton’s charts predicted that analytical results would only be meaningful for the -0.053 mm
size fraction. However, if it was assumed that the gold particles occurred as flakes with a
diameter to thickness ratio of 1:10, then the size fractions, -0.053 mm, 0.053-0.075 mm and

0.075-0.106 mm, were predicted to give meaningful gold results.

Eight samples of the 6 finest sieve size fractions (0.212 - 0.425 mm, 0.150 - 0.212 mm, 0.106
- 0.150 mm, 0.075 - 0.106 mm, 0.053 - 0.075 mm, and -0.053 mm) from sample T-5, were
sent in randomly numbered vials and included two duplicate samples of the two coarser
(0.150 - 0.212 mm and 0.212 - 0.425 mm) size fractions. The results, presented in Table
3.1a, showed that reproducibility of gold values in the coarser size fractions of the field splits
was very poor, and the “nugget” effect was clearly evident. The finer size fractions also
showed erratic gold values with three results below the detection limit of 5 ppb. The number
of particles of gold in the analytical portion of the field split samples was calculated, based
on the assumption that gold occurs as flakes (1:5 thickness to diameter), and are presented in
Table 3.2a. (The method of calculating the number of particles of gold is presented in
Chapter 5) Significantly fewer particles of gold, than the 20 particles of gold recommended
by Clifton for meaningful gold analysis, were calculated to be in the field split analytical

portions.

Due to the concern that gold concentrations in field splits might be less than the detection
limit and the prominent “nugget” effect in the coarser size fractions, it was determined that
analysis of the long-tom concentrate and the catch-tub samples would be a better alternative.
It was necessary to also analyze the catch-tub sample to determine the amount of gold which

is not recovered in the long-tom. Results for the long-tom concentrate and the catch-tub
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Table 3.1a Analytical results from trial 1: field split samples.

Size Logarithmic Analytic Results
Fraction Average Size Field Split
millimeters millimeters ppb
0.212-0.425 0.300 7140
<3
0.150-0.212 0.178 2150
1050 -
0.106-0.150 0.126 <5
0.075-0.106 0.089 f45
0.053-0.075 0.063 <5
-0.053 0.020 45

Table 3.1b Analytical results from trail 2: long-tom and catch-tub samples.

Size Logarithmic Analytic Results
Fraction Average Size | Long-Tom  Catch-Tub
millimeters millimeters ppb ppb
0.212-0.425 0.300 3460 <5
4260 <3
0.150-0.212 0178 3400 3
1180 90
0.106-0.150 0.126 10 885
0.075-0.106 0.089 1810 860
0.053-0.075 0.063 1790 1040
-0.053 0.020 510 90
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Table 3.2a Number of particles of gold in the field split samles: trial 1.

Size Logarithmic # of Au Particles
Fraction Average Size in Analytical Portion
millimeters millimeters Field Split
0.212-0.425 0.300 0.56
0.0002
0.150-0.212 0.178 0.8
0.39
0.106-0.150 0.126 0.002
0.075-0.106 0.089 0.43
.053-0.075 0.063 .02
-0.053 0.020 11.8

Table 3.2b Number of particles of gold in the long-tom and catch-tub samples: trial 2.

Size Legarithmic # of Au Particles
Fraction Average Size in Analytical Portion
millimeters millimeters Long Tom Catch Tub
0.212-0.425 0.300 0.27 0.0002
0.33 0.0002
0.150-0.212 0.178 1.26 . 0.002
0.44 0.033
0.106-0.150 0.126 1.69 0.001
0.075-0.106 0.089 2.76 0.01
0.053-0.075 0.063 11.5 0.03
-0.053 0.020 150 9.7
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would then have to be combined to estimate the total gold in the original sample. These
analyses would also provide data to evaluate the effectiveness of the long-tom as a method of

pre-concentrating gold.

Prior to submitting the samples for the second trial, rough estimates of potential
concentration factors were done. The calculations were based on an idealized situation,
where the concentration of gold is increased by the factor of the total mass of sediments
sluiced to the mass of heavy concentrate retained in the long-tom. In these calculations the
incorrect assumption that only heavy minerals are recovered in the long-tom must be made.
While these calculations are not accurate, they do suggest that heavy minerals could
potentiaily be concentrated by 5 - 40 times the original concentration. The large variability in
these concentration factors is due to uncertainty in: the “true” concentration of gold in any
size fraction, and the proportion of heavy minerals to light minerals retained in the long-tom.
The concentration factors did not predict that analytical portions from the long-tom would all
contain greater than 20 particles of gold. However, the increase in concentration of samples,
was considered to be sufficient to obtain potentially meaningful gold results. The second trial
was conducted to confirm that long-tom concentrate samples returned more significant gold

results, before committing to the high cost of analyzing all the samples.

A total of 16 subsamples, from sample T-5, were sent in the second trial; a sample for each
of the six size fractions -0.425 mm, from both the long-tom concentrate and the catch-tub,
and duplicate samples for the 0.150 mm-0.212 mm and 0.212mm-0.425mm size fractions.
The results of the second trial are presented in Table 3.1b, with the results from the first trial
{Table 3.1a). In the results of the long-tom concentrate analyses, the “nugget effect” was less

prominent than in the field split results and all samples returned a concentration greater than
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the detection limit. Some results for the catch-tub were below the detection limit and the
“nugget effect” was evident in duplicate samples. Also, the concentration of -0.106 mm gold
in the long-tom concentrate was only marginally larger than the concentration of gold in the
catch tub, suggesting that recovery of fine gold in the long-tom is poor. The average number
of particles in the analytical portions of the long-tom concentrate and the catch-tub were
calculated, based on particles of gold occuring as flakes (Section 3), and are presented in

Table 3.2b with the results from the field split, Table 3.2a, for comparison.

3.5.2 Results of Analvsis of sample data

From the two preliminary trials it was determined that analytical portions from both the long-
tom and the catch-tub would have to be analyzed to alleviate sampling problems. A total of
200 samples were submitted to Chemex in December of 1995. The certified certificates from
Chemex and a key to the results can be found in Appendix F. In order to determine the
errors which may have accrued with sampling and analysis, a program to monitor both

analytical accuracy and precision was implemented.

3.5.3 Monitoring Analvtical Accuracy

In order to have an estimate of the accuracy of the FA-AAS results, three Reference
Standards were included. Table 3.3 shows the concentration of gold in the standard samples
and the results from FA-AAS analysis. The results from FA-AAS appear to closely
correspond with the concentrations of gold in the standard samples and are close to the

accuracy which can be attributed to preparation of the standards. The Nevada Bureau of
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Table 3.3 Analytical results compared to standard samples

Gold Content of Standard Analytical
Results
Name oz/ton ppb ppb
Nevada Bureau of Mines NBM - 1¢ 0.468 16000 +/- 1100 17600
Goid Ore MA-2 0.0542 1860 1730
Nevada Bureau of Mines- Limestone 0.228 7810 8320
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Mines reference standard NBM -1c , prepared with a gold concentration of 16.0 % 1.1 ppm,
gave the analytical results a value of 17.6 ppm. Results from the Nevada Bureau of Mines,
limestone, returned values of 8320 ppb, with the mean concentration of the standard at 7810
ppb, while the Gold Ore MA-2, with a mean of 1860 ppb, returned an analytical value of
1730 ppb. From this we can infer that the probability of analytical error in accuracy is low in

these samples.

3.5.4 Monitoring of Analytical Precision

An estimate of the precision of the analysis was obtained from duplicate samples submitted
for analysis. Twenty duplicates were sent in the third batch and results obtained are plotted
in Figure 3.5. (Duplicate results for the first and second trials are also plotted.) The resuits
of duplicate analysis showed poor reproducibility of gold values and are rather imprecise,
with over half of the duplicate pairs falling out of the £ 50 % precision bounds at the 95 %
confidence level. This effect may be attributed to the “nugget effect” previously discussed in

this paper.

3.6 EFFICIENCY OF LONG-TOM

Concentrations of gold in most soils and sediments are relatively low, which makes obtaining
samples with enough particles of gold to be representative and to be above the detection limit
of the analytical method, problematic. Preconcentration methods such as sluicing are often

used to increase the number of particles of gold in the sample. Mechanical preconcentration
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methods invariably result in the loss of gold, particularly the fine gold. As the finer size
fractions are frequently the most reliable in determining gold concentrations, evaluating
trends and calculating transport equivalences, the loss of gold can have serious implications

in sedimentological studies.

There are many types of sluices and long-toms. The principle variables in any sluice system
which have an effect upon gold recovery are: dimensions of sluice run (length, width, height
of sides); type of matting used to catch concentrate (principle types are Coconut matting and
rubber matting (primarily 3M Nomad matting)); type of riffles, expanded metal (weight,
orientation, position sitting); screen or grading device to restrict grain size passing through
stuice; volume of water used; method used to clean long-tom; slope (influences velocity of

water and sediments transported); water/ solids ratio.

Gold may be lost in sluicing due to incorrect combinations of these variables. Also, gold
tends to occur as flakes or rods with large surface area to weight ratio. High turbidity in a
sluice run prevents flakes of gold from being trapped in the matting and riffles of the long-
tom. Large cobbles, pebbles and angular rocks in the long-tom will tend to knock gold out
of the riffles Also, gold may also be trapped in clays adhering to cobbles which is not
adequately washed or able to be washed in the sluicing process, Flotation of gold, during
processing, due to contamination with oils or grease is also known to cause fine gold to be

lost.

The effectiveness of the long-tom in recovering gold, was considered by analyzing samples
from the tailings, collected in the catch-tub for gold concentration and comparing the results

with the concentration of gold in the long-tom. The percentage of gold recovered in the
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long-tom was calculated by dividing the calculated mass of gold in the long-tom, by the
calculated mass of gold in the total sample (the sum of gold in the long-tom and in the catch
tub). Calculation for the mass of gold in the long-tom, catch-tub and the total sample are
presented in section 5. In this study, the percentage of gold recovered by the long-tom
increases with increasing gold grain size and is erratic for all size fractions less than 212

microns (Table 3.4).

Concentration factors were calculated based on the increase in the number of particles of
gold (as flakes of gold) which would be present in the analytical portion from the long-tom
concentrate compared to one taken from an unprocessed field sample. The long-tom was
found to concentrate the number of gold particles (flakes) in the sample significantly, with
concentration factors ranging for 9 to 139 (Table 3.5). The concentration factor for the 212-
425 is Although only the 0.053-0.075 mm and -0.053 mm size fractions in the long-tom
concentrate have greater than 20 particles of gold, as specified by Clifton to obtain a
precision of 50 %, the overall increase in gold particles in a 30 gram analytical portion is
significantly increased. The average increase in number of particles in the analytical portion
for the long-tom is 48 times the number of particles in the field-split. From this it is evident
that better analytical results could be obtained for the coarser size fractions if larger samples
were processed through the long-tom. For the coarser size fractions, 0.150 - 0.212 mm and
0.212 - 0.425 mm, in order to get better accuracy in the analytical results, the samples would

have to be twenty times as large; approximately 4 tonnes.

In summary, while the use of the long-tom is effective as preconcentration method, the user

should be aware of the limitations and potential errors which may arise from any mechanical
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Table 3.4 Recovery of Gold in the long-tom. Calculations are based on the

percentage ofthe total mass (long-tom + catch tub) of gold retained in the long-tom.

Size Fraction Mean Recovery Median Recovery
{microns) % Yo

212-425 98.1 99.8
150-212 74.5 80.0
106-150 77.2 95.5
75-106 75.5 78.1
53-75 60.5 63.6
<53 39.6 21.5
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Table 3.5 Number of gold particles in a 30 gram subsample from the long-tom concentrate and the
field split. Concentration factors were calculated on the basis of the increase in the number of gold
particles (flakes), which would be present in an analytical portion from the long-tom concentrate
compared to one taken from an unprocessed field sample.

Size Fraction # of Gold Particles in # of Gold Particles in Concentration
30 gram subsample 30 gram subsample Factor
taken from the taken from the
Microns Long-Tom Concentrate Field Spiit
212-425 1.00 0.01 * 159.1
150-212 1.43 0.16 9.1
106-150 5.22 0.22 23.3
75-106 11.84 0.31 383
53-75 32.02 1.28 25.1
<53 912.67 6.87 132.9

*The calculated number of particles in this sample is likely lower than the actual number of
particles, as the Poisson Distribution underestimates at low numbers of particles. Therefore, this
factor is likely not representative of the actual concentration factor of this size fraction.
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processing method. The effects of these errors should be considered and , if possible,
quantified, when reconstructing gold concentrations in the original sample. A more detailed
description of the long-tom process and efficiency of gold recovery in this study can be

found in Appendix H.
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4.0 GRAIN SIZE DATA AND ANALYSIS

In this chapter, the field and laboratory techniques used to determine the grain size
distribution of the samples are presented and justified. Cumulative probability plots were
used for comparative textural analysis and interpretation of results. Trial runs had indicated
that a loss of fine material in the catch-tub overflow during sluicing would preclude accurate
determination of the grain size distribution. To compensate, 5-10 kg field splits of each
sample were taken for later laboratory analysis of the finer grain sizes. The recovery of fine
material in the catch-tub will be considered first, to justify the method used to reconstruct the

grain size distribution,

4.1 RECOVERY OF FINES IN CATCH TUB

During sluicing, sediment from the fine fractions suspended in the overflow water of the
catch tub is lost and in order to compensate for this loss, a field split was taken for controlled
laboratory analysis. The data from the field split and the data from the catch-tub can be used
to quantify the fine fractions lost during sluicing. The procedure for this involves
constructing a graph of Mg+t / Mpsyi versus Meryis: / Micryi , where Mgy is the mass of
sediment size fraction i in the field split and Mcry is the mass of the same sediment size

fraction i in the catch tub (figure 4.1).

Graphs are plotted for each size fraction. If there is no loss of a size fraction during

sluicing, then the data points should all fall on the x=y line of the graph. Points lying below
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Figure 4.1 Example: Plot of recovery of fine sediment sizes in the catch-tub, The line, x=y,
represents equal ratios of sediment in the catch tub and the field split. Below the line when
sediment of size fraction i is lost from the catch tub, above the line when sediment of size
fraction i+1 is lost and on the line when there are no losses of either size fraction or both size
fractions have lost material such the proportion of the two size fractions is still the same.
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the x=y line suggest that sediment in size fraction i is being lost, while points lving above the
x=y line suggest that sediment in size fraction i+1 is being lost. Caution must be used when
interpreting these graphs because the results are dependent on the relative depletion of size
fraction i and of i+1. Thus, if equal proportions of sediment size i and i+1 are lost, then the

data will plot on the x=y line, erroneously suggesting that no fine fractions have been lost.

This method does not yield conclusive results but can be use to determine which size fraction
may experience losses during sluicing. All fine size intervals must be considered where the
foss of size fractions is suspected. One assumption in this method is that the loss of fine
sediments during the laboratory processing of the field-split was negligable. This
assumption is reasonable since a recirculating pump was used during sieving of the sample
and the losses during processing, drying and bagging were likely small. Another assumption,
that the field split sample is representative of the fine fractions in the whole sample, must

also be made.

The grain size data from the catch tub and field split was plotted for i less than 1.68 mm.
These graphs are presented in figures 4.2 and 4.3. Graphs for sediment size fractions between
0.425 mm and 1.68 mm plotted close to the x=y line, suggesting that losses from the catch-
tub during sluicing for these size fractions was minimal. However, for all size fractions less
than 0.425 mm, losses of fine sediment during sluicing are suspected. In figure 4.3,
sediments of the size fractions -0.053 mm, 0.053-0.075 mm, 0.106-0.150 mm and 0.212-
0.425 mm are clearly depleted in the catch tub, compared with the sediment one size fraction
larger. This indicates that a portion of these size fractions was suspended in the overflow
water and lost from the catch-tub. However, two size fractions, 0.075-0.106 mm and 0.150-

0.212 mm, are plotted close to the x=y line. It is suspected that this phenomenon is due to
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Figure 4.2 Plots of sediment size recovery in the field split versus in the catch tub for size
fractions from 0.495-1.68 mm. Note that the data fall on close to the x=y line, indicating no
losses of these sediment size fractions from the catch tub.
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Figure 4.3 Plots of sediment size recovery in the field split versus in the catch tub for size
fractions from -0.053 to 0.425 mm. The size fractions -0.053 mm, .053-0.075 mm, 0.075-0.106
mm, 0.106-0.150mm and 0.212-0.425 mm are depleted in the catch tub, compared to the
sediment one size fraction larger. This indicates that a portion of these size fractions was
suspended in the overflow water from the catch-tub. However, two size fractions, 0.075-0.106
mm and 0.150-0.212 mm, plotted close to the x=y line. This phenomenon is due to equal loss of
material from these sediment sizes, as from the sediment size fractions one interval larger. Note
the changes in scales between graphs,
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equal loss of material from these sediment sizes and from the sediment size fractions one

interval larger.

These plots confirm the initial hypotheses that accurate grain size distributions for the fine
size fraction could not be obtained from the material collected in the catch-tub. These results
clearly show that losses of sediment from the fine size fractions, less than 0.425mm, are
significant and thus the collection of a field split sample to reconstruct the grain size
distribution is necessary. When the field split samples were taken, it was also uncertain as to
which sizes might be selectively removed from the catch-tub in suspension. Thus, it was
uncertain how coarse a field split sample was required to allow for these effects in the grain

size distribution. The field split was used to reconstruct sediment sizes less than 2 mm in the

P
HRR)

total grain size distribution. As size fractions between 0.425 mm and 0.168 mm showed no
apparent loss of sediment from the catch-tub, while size fractions less than 0.425 mm
clearly did; the selection of 2 mm as the boundary to reconstruct the grain size distribution
should remove any effects of material being washed out of the catch-tub from the grain size

distribution.

4.2 CALCULATION OF GRAIN SIZE DISTRIBUTIONS

Grain size distributiogmgf‘jnsﬂ_useful for correlation with other field and lab data; however, the
distribution could not be obtained directly owing to the preconcentration method selected.
The mass of sediments in the catch-tub represented a large proportion of the total grain size

distribution, but as discussed in the preceeding section, shuicing the sample through the long-
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tom resulted in material being retained in the long-tom and a portion of the finer fractions

becoming suspended and lost from the sample when water overflowed the catch-tub.

The calculations to reconstruct the total grain size distribution for 20 size fractions from

+200 mm to ~0.053 mm and the variables used are described below.

Mssy - Mass of sediment in field split of size fraction i
Msg.mi - Mass of sediment in long-tom of size fraction i
Mscry - Mass of sediment in catch-tub of size fraction i

Msoni - Mass of sediment of size fraction i in the total reconstructed grain size
distribution

For the sediments + 2 mm the sediment grain size distribution can be reconstructed directly

by adding the mass of each size fraction in the catch-tub and in the long-tom.

MS(mt); = MS(C-;-Ji‘F MS(LTJi (fOI‘ i>2 mm)

For the sediments -2 mm, the reconstruction of the grain size distribution is more complex.
The principal assumption in this step is that the mass of the less than two millimeter fraction
in the catch-tub is representative of the total mass of -2 mm sediments in the sample and is
directly proportional to the less than 2 mm fractions in the field split. This calculation
assumes that the mass of the suspended material that overflowed the catch-tub is
insignificant compared with the bulk wet weight of the total material collected in the catch-

tub less than 2 millimeters. This was calculated with the following formula:

Mspoy = Msgsy X (Mscry mm + MSgn<ma) MSgsyome  (for i <2 mm)

80



The sediment size fractions were then converted from diameters expressed in millimeters to
phi values using the Udden-Wentworth scale or the logarithmic Phi Scale proposed by

Krumbein in 1934 where:

§=-log,S

¢ = Phi size
S = sediment grain size in millimeters

- This scale is particularly useful as it expresses grain size data in units of equal value, which
enables meaningful plotting of data and statistical calculations. In this grain size scale, large
sediment sizes have negative values and silt and clay sizes have progressively larger positive

phi values.

Data tables with the calculated masses and mass percentage of total samples can be found in
Appendix C (expressed in both millimeter sizes and phi size), followed by cumulative grain
size curves for each of the samples. Figure 4.4 shows the cumulative grain size curve for the
arithmetic average sample for grain sizes in phi and in millimeters. When these curves were
compared with similar grain size curves for gravel streams, there were no apparent
differences in the shape of the curves and the distribution of sediments. In-situ, the unit
appeared to have an unusually high content of fine material, but the proportions of fines in

the samples did not appear to differ from those in typical gravel stream environments.
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Figure 4.4 Cummulative grain size curve for the arithmetic average sample. The same data is

plotted in both graphs but the grain size scale of a) is phi and of b) is millimeters.
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4.3 TEXTURAL ANALYSIS OF SEDIMENT

A complete grain size distribution was obtained for size fractions between -.053 mm to 200
mm, a range of 12 ¢ ,by combining the data from the wet field and laboratory sieving as
described in the preceeding section. Textural analysis involved plotting the data on
cumulative phi-probability plots to determine the size frequency distribution. Differences in
texture between samples might indicate different hydraulic or depositional regimes, which

were responsible for forming the deposit.

On cumulative probability plots, a single log-normal population will form a straight line.
When the data do not form a single line, a “best-fit” model curve can be drawn and it is
assumed that populations overlap to form the curve. The following formula can be used to
partition the mixture of populations represented by the model curve into its component

CUrves.

Pu=faPas + 5P + fcPe

Where Py represents the cumulative probability of the mixture of populations, which is
represented by the model curve and is the sum of the products of f,, fy and f, the fractions
of each population in the modeled curve, and P,Py and Pc the cumulative probability of
each component. The fraction of each component in the modal mixture is determined by

finding the positive inflection points of the graph, which are considered the points of modal
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overlap. The above formula is valid for mixtures comprised of three populations, however,
the technique can be used for mixtures of 2 or more populations. When using real data
sampling error must be considered and accounted for by selecting a “best fit” curve which
models the data. To check the model curve after partitioning into component populations, the
populations should be recombined in the estimated proportions (Sinclair, 1976 and per. com.

1996).

4.4 MODEL FITTING SAMPLE DATA

The grain size distribution data for the sixteen samples were plotted on cumulative log-
probability plots (Appendix E). Interpretation of the graphs was necessary to determine the
number of inflection points and the model that best fits the graphs. Seven samples clearly
showed only one inflection point and could be interpreted as bimodal. However, the data
from nine of the samples could be interpreted as having one or two inflection points.
Consequently, these samples could be interpreted as being bimodal or trimodal. Figure 4.5
shows sample T-12 interpreted as bimodal and trimodal. Schematic representations of the
normal distributions that correspond with bimodal and trimodal samples are shown in figure
4.6. Partitioning of these curves identified two populations present in all samples: a fine
sediment population designated A and a coarse sediment population designated B. A third

population, C, was identified as potentially existing in nine of the sixteen samples.

Population A is dominantly composed of the sand size fractions, is poorly sorted and is

interpreted as matrix material. Slightly different proportions of population A are present in
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Figure 4.6 Schematic representation of the bimodal and trimodal model, Population A is
dominantly composed of the sand size fraction and is interpreted as matrix material, while
population B represents the coarse gravel matrix. The third potential population, C, is poorly

defined and is found in the silt size fractions.
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the samples interpreted as bimodal and trimodal (figure 4.7). The median grain size (Dsp) of
population A in bimodal samples is 1.0¢ or 0.6 mm and 1.7¢ or 0.3 mm in the trimodal
samples. Population A, on average, comprises 31%, by weight of bimodal samples, and

20%, by weight of trimodal samples.

Population B is the most well defined population and likely represents the coarse gravel
framework. It is poorly sorted, o (standard deviation) = 1.7 (bimedal) - 2.0 (trimodal) with a
median grain size (Dsg) of -5.0 ¢ (31.1 mm) and -4.6 ¢ (24.9 mm), for bimodal and trimodal
samples respectively. However, these differences between bimodal and trimodal samples
may not be statistically significant. The population forms 69-74 % of the samples by
weight. This population is primarily composed of the pebble - cobble size fractions, with a
small amount of silt and clay. Boulders may also be present, as is represented by the
steepening of the probability curve near the coarse sediment end. The top of the B
populations appears to be slightly truncated in the coarse size fractions in approximately 75
% of the samples. It is unknown whether this effect is due to natural processes or to
sampling error, although a conscious effort was made to take representative samples and to
include all material from large boulders to fine fractions. One large boulder, from the area
where there is slight truncation, may weigh between 10-25 kg; a substantial percentage (up
to 15 %) of the 150-190 kg samples collected. Such boulders are characteristic of the basal
gravels, a feature that is used by miners to identify the “paystreak”. Considerable sampling
error could have resulted from a single large clast being overlooked or from sampling sites
chosen not to include the relatively rare, randomly distributed boulders. Larger samples

would be required to construct a grain size distribution in which the coarse size fraction was
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Bimodal Samples

average % | average size which 50 % is finer | average standard deviation
population | in mixture phi mim phi nm
A 31 1 0.6 2.1 0.23
B 69 -5 311 1.7 0.31

Trimodal Samples

average % | average size which 50 % is finer | average standard deviation
population | in mixture phi mm phi min
A 20 1.7 0.3 1.3 0.41
B 74 -4.6 249 2 0.25
C 6 2.5 0.18 1.4 0.38

Figure 4.7 Data for populations in the bimodal and trimodal samples. Note the median grain
size of the sediments in Populations A and B is less in trimodal samples than is bimodal samples.
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represented accurately at the coarse end; therefore, the apparent truncation of the data curves

is likely an artificial effect due to non-representative sampling.

Population C forms 6%, on average, of the samples interpreted as trimodal and is
characterized by a median grain size (Dsy ) of 2.5¢ (0.18 mm). The standard deviation, oy,
of this population is 1.4¢, which would also indicate that this population is poorly sorted.
Nine out of the 16 samples appear to contain population C. This population shows a lot of
variability in its location on the cumulative probability plots. As population C occupies a
very small proportion by weight of the overal] sample, there are very few data points which
characterize this population. Therefore, extrapolation of a model curve for population C on
the probability plots is difficult. Thus assumptions must be made for the tail end of the
distribution by extrapolating the curve beyond known data points. This may be one reason

for the great variability in population C.

Fluvial gravel deposits are typically bimodal with a coarse framework and a finer matrix or
infilling material. Consequently, bimodal samples are an expected result in a fluvial

environment; however, the trimodal samples require further explanation,

Four potential explanations for the existence of an apparent third population (C) include: (1)
an artificial effect on a bimodal sample due to errors in sampling and determination of the
grain size distribution, (2) different depositional environments or mechanisms between
bimodal and trimodal samples, (3) winnowing of a size fraction from the bimodal population
or (4) the apparent addition of a population to the bimodal samples due to weathering and

breakdown. These four possibilities are discussed in detail below.
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If the graphs that are identified as potentially trimodal are modeled as bimodal samples,
without a third population C, the greatest departure of the data from the model curve occurs
in the sand and silt size fractions less than $=0.5 (0.7 mm). (Refer to figure 4.5 where sample
T-12 was interpreted as bimodal and trimodal) One potential explanation for this deviation
from the model curve is that this effect is due to sampling, processing and/or weighing
errors. These fine fractions are easily lost in processing and occupy a small mass percentage
of the sample. Thus minor losses of material in these size fractions may result in apparently
large errors and deviation from a normal distribution when the data are plotted. Alternatively,
the deviation from the model curve may have resulted from error in recalculating the total
grain size distribution (section 2.2). However, if this were the case, the greatest error or
break in the grain size distribution would be expected in the 1.68-2 mm size fraction, which
was the size interval where the total grain size distribution was based on the sediment
distribution in the field split. The greatest apparent departure from the model curve occurs at
values less than 0.7 mm, which is three size fraction interval less than the interval at which
the catch-tub and field split distributions were combined. Thus, the interpretation that the
samples are bimodal with departure from the model curve in the fine fractions due to errors
in sampling or processing is not considered a sufficient explanation for the apparent third

population.

When the data are interpreted as trimodal, model curves can be drawn to better fit the data
points. Defining the line for the third population C is difficult because there are very few
data points in the silt sizes. Thus, the slope of the line was estimated and then the model was

tested by recombining the mixture with three proposed populations. If necessary the slope of
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population C was adjusted to better fit the model. In general, the recombined trimodal

models were found to fit the data.

Different depositional environments, mechanisms or sources are not suspected to have
caused the appearance of the third population, since the samples all appeared to be of similar
structure. The units were massive and disorganized, with no imbrication or stratification.
Lithologies, determined by estimates from photographs of sieved size fractions and from
field notes taken during sampling (Appendix A), did not appear to vary significantly between
the bimodal and trimodal samples. As the deposit appears massive and disorganized, both
rapidly aggrading stream and debris flow events are possible sources for the initial deposit. A
debris flow event in the Dominion Valley might have resulted in gravels from high level
terraces of “White Channel” mixing with varying amounts of the underlying bedrock before
being deposited in the valley. These deposits may have become bimodal or potentially
trimodal, owing to the debris flow of a pre-existing fluvial deposit incorporating a third
population from another fluvial deposit or incorporation of bedrock in the flow, However,
estimated bedrock contents of the samples were not proportional to the percentages of the C

population in the samples.

The third possible source of population C is the winnowing of a particle size fraction after
deposition from a bimodal deposit. Fluvial reworking of either the entire unit or of the
surface portion of each unit may have lead to a selective size fraction being winnowed from
the deposit. This effect can be represented by a narrow size fraction that is subtracted from
two normal populations (figure 4.8a). Trials to confirm this potential source of the C

population were conducted by using a probability plot to remove a size fraction or narrow
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Figure 4.8 Schematic representations of potential origins of population C in the samples. Figure
4.8a shows selectively winnowing a size fraction from a population and figure 4.8b shows
weathering of the two populations resulting. The shaded portions of the curves represent the
portion of the populations which would be removed in (a) or broken down into finer size
fractions in (b).
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population “W” from “idealized” A and B populations. This can be represented by the

formula:

faP agideant f8Pagicean - fuPw = faPa + f3Pp + fcPc

Plots using this formula were found to model the data and the trimodal interpretation. A
problem with this interpretation is that the unit is massive and disorganized, showing little
evidence of fluvial reworking. The unit appears to contains a higher percentage of fines than
would be expected from fluvial reworking, but comparison of the grain distribution curves
with similar curves for gravel stream beds showed that the content of fines in the deposit was

not abnormally high.

Population C could also be an apparent population, due to the weathering and breakdown of
both populations, A and B, into finer particulate (potentially to as fine as silt sizes). A
schematic representation of Population C and modified A and B populations, termed
population A’ and B’, resulting from the breakdown of ideal Populations A and B is shown

in figure 4.8b and can be represented by the following formula:

fAPA(ideal)+ fBPB{idcai) + weathering = fA’PA' -+ fB'PB’ + fCPC

However, modeling this potential effect was very difficult due to uncertainty in the total

amount of weathering and/or breakdown, the size fractions affected and the potential

difference between weathering in populations A and B. In situ weathering and breakdown

due to mechanical processing during sampling and sieving may also be factors Sediments at

93



the sampling site are older than 1.22 million years (Morison, 1985). The extensive time
period and the lack of glaciation have allowed ample opportunity for chemical and physical
weathering of the deposit to occur. Chemical action is evidenced by the oxidation of the
upper sediments to an orange color. Cyclic freeze-thaw events have resulted in the growth of
ice wedge casts. Decomposed relicts of clasts are present in the deposit and when removed
from the wall they quickly break down into finer size fractions. These sediments were
mechanically broken down further during sluicing and sieving. Angular bedrock fragments in
the deposit are a friable chlorite- muscovite schist, which tends to break down significantly
during mechanical processing; the sluicing water turns a gray-green. Consequently,
popuiation C may be due to weathering and mechanical processing of the samples and is not
a reflection of a true sedimentological population. Potential evidence to support this
hypothesis is that the median grain size of the sediments in Populations A and B is less in
trimodal samples than it is in bimodal samples (figure 4.7). The median grain size can be
expected to decrease in this model as larger sediments break down into smaller size fractions.
However, the difference between the median grain sizes of populations A and B in the

trimodal and bimodal samples is not sufficiently large to be statistically significant.

4.5 DISCUSSION OF TEXTURE

Basal units sampled in this study appear massive and disorganized with no apparent textural
differences between sample locations. However, grain size distributions suggested that
sedimentolgical differences might exist within the deposits of the basal unit. Seven samples
were identified as being bimodal, while nine were identified as being potentially trimodal

The three sediment populations identified were designated A and B, present in all samples,
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and C. Population C did not appear to correspond to a particular type of lithology, either
from pebble counts nor from visual estimation of percentage of clasts, including estimation
of the percentage of bedrock in the sample. As there was no apparent reworking of the
deposit by water on the surface or throughout, the selective removal of a particular size
fraction due to winnowing is not suspected. The most probable explanation for the apparent
presence of a third silt sized population is weathering and breakdown of populations A and
B insitu and during processing of the samples. This hypothesis, however, can not be
confirmed at this time since none of the explanations in the preceding section are conclusive.
Further investigation is required to ascertain the origin of population C in the basal units of

the Dominion Creek deposit.
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3.0 GOLD GRAIN SIZE DISTRIBUTION

Gold analysis by FA-AAS was done for six size fractions from -53pm to 425um for both the
long-tom concentrate samples and the catch-tub samples. This chapter discusses how the
gold concentration values from the two samples were recombined in proportion to
reconstruct the mass and concentration of gold in the original sample. The total gold in the
sample can then be represented by either the relative concentration of gold or by the weight
of gold. Error bounds on the gold concentration were calculated with the Poisson

Distribution by determining the number of particles of gold in the analytical portions.

5.1 CALCULATION OF GOLD GRAIN SIZE DISTRIBUTION

The total mass of gold in the field samples was determined by assuming that it was the sum
of the mass of gold in the long-tom concentrate and the mass of the gold in the catch-tub, It
was further assumed that the gold concentrations in the analytical portions were
representative of the gold concentrations in the long-tom concentrate and the catch-tub
samples (i.e. splitting of samples was representative; nugget effects are ignored). For most
samples in the size fractions less than 0.212 mm, the analytical portion was sufficiently large
to analyze the entire sample Therefore, it is a valid assumption that by analyzing both the

long-tom and catch-tub samples, the total gold content of the original sample can be
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obtained. Where duplicate gold analyses exist, the mean of the two duplicates was taken as
the “true” concentration and where analytical results returned a value of <Sppb, a value of 2

ppb was assigned.

The formulae and definitions of variables for these calculations are as follows:

Mgy - Mass of gold in long-tom of size fraction i

Mgcryi - Mass of gold in catch-tub of size fraction i

Mg ioi - Mass of gold of size fraction i in the total sample

Msq 1y - Mass of sediment in long-tom of size fraction i

Mscry - Mass of sediment in catch-tub of size fraction i

Msqoni - Mass of sediment of size fraction i in the total reconstructed grain size distribution in
the sample

Cgum - Concentration of gold in long-tom samples

Cgcri - Coneentration of gold in catch-tub

Chieii - Concentration of gold of size fraction i in sediments of size fraction i in the sample

.The total mass of gold in the sample is calculated by:

Mguoi = Mgeni+ Mgy (for i < 0.425 mm)
[mg] = [mg] + [mg]
where

Mg = Cgami X Msgry x 107

[mg] = [ppb] x [g] x 10"

Mgcn;i = Ceery X Mseni x 107

[mg] = [ppb] x [kg] x 10”
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The mass of gold in each size fraction can then be converted to the concentration of gold in

that fraction by the formula:

Cuonii = Mo X 107/ M a0

[ppbl =[mg]x 107 /[ke]

The concentration of a certain size fraction of gold in the whole sample can be found by:

Ceuoni = Megoni X 107 7 Msgor all sizes

[ppb] =[mg] x 107 /[kg]

The concentration of gold with grain sizes less than 0.595 mm in the whole sample can be

found by the formula:

_ 3
Cghoty = Mgon, 0.595mn: X 107 / MSot) all sizes

[ppb] = [mg] x 107 /[kg]

3.2 DETERMINING ERROR BOUNDS IN GOLD ANALYSES

Determining error bounds on gold concentrations is essential in ascertaining if variation in
gold concentrations between samples is due to natural variation, or to analytical errors. In

this study, gold concentrations were calculated by combining the results of the long-tom and
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the catch-tub samples analyses. Combining the error from these two analytical results poses a
problem. The total variance in gold concentration can be attributed to three sources: the
natural variation between samples due to variability in gold content in the deposit; the
variation due to sampling and geochemical analysis of the long-tom samples, and the
variation due to sampling and geochemical analysis of the catch-tub samples.

2= gt (natural) + o’ (long-tom) + & (catch-tub)

Thus, to evaluate the natural variation among samples, knowing the total variation in the

analytical results, the variation for the long-tom and the catch-tub results must be estimated.

As gold content of each size fraction is calculated by proportionally combining the values of
gold recovered in the long-tom concentrate and catch-tub, the error on the total gold values
must also be calculated by proportionally combining the errors from the two gold sources.
Generally, the long-tom has a higher concentration of gold than the catch-tub; therefore, the
absolute error expected from the long-tom analytical results should be greater than the error
from the catch-tub analytical results. However, the relative error in the catch-tub is expected
to be higher than in the long-tom, due to the “nugget” effect from the low number of gold
particles. In both samples, the number of particles of gold in the analytical portion is the
principle source of error in the analytical results. An estimation of the combined error can
be found by determining the hypothetical number of particles, which would be in an
analytical portion of the original sample. The number of particles in the original sample can
be approximated by converting the concentrations of gold from the analytical results to the

number of particles of gold in the analytical portions for both the catch-tub and long-tom
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concentrate and finding the sum . The asymmetric Poisson Distribution can then be used to
find the error bounds based on the number of particles which would be in a sub-sample of the

original sample.

For samples less than 0.150 mm, where the sample was sufficiently small that the whole size
fraction could be analyzed, the calculated error is an estimate of whether the original sample
was large enough to obtain representative gold analyses. The two coarser size fractions,
however, required splitting and subsampling to obtain 30 gram analytical portions. Error
bounds determined for these size fractions (0.150-0.495 mm) are affected by both
subsampling and the size of the original sample. Differentiating and proportioning the error

to these sources in order to evaluate the size of the original sample is not possible.

5.2.1 Calculation of the Number of Particles of Gold

Prior to calculating the number of particles of gold in each size fraction, it was necessary to
make several key assumptions. Gold had to be assumed to occur as discrete particles within
the sample (not attached to other rocks and minerals). Based on this assumption, further

assumptions regarding the shape and size of the gold particles could be made.

Gold in Dominion Creek is typically found as flakes, but may also be found as rods or
spheroids. In section 2, the Corey Grain Shape Factor, CSF, was presented as a means to
quantitatively characterize the shape of a non-spherical particle in relation to a sphere. Data

from another study in the locality and rough data from coarse gold from this study suggested
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a CSF value of 0.2 to be reasonable. This implies that the average particle has a volume of

0.2 times that of a sphere of equivalent diameter (refer to section 2 for calculations of CSF).

Following assumptions about the shape of particles, a size for gold particles within the size
fraction had to be estimated. The average particle diameter, d, for a given size fraction is the

logarithmic average of the bounding sieve sizes.

log d =(log (US) + log (LS))/ 2
US = Upper boundary sieve size

LS = Lower boundary sieve size

For the size fraction less than 0.053 mm, there was no lower bounding sieve to calculate an
average. A diameter of 0.020 mm was selected arbitrarily as the average diameter for this

size range (Day, 1988). For the purposes of this study, the density of gold is assumed to be
17 g/em® . This value was based on an average assay purity of 85% Au from the producing

mine at this location, with silver as the principle impurity,

Variables used in the calculation:

Cgumi - Concentration of gold in long-tom samples

Cgery - Concentration of gold in catch-tub

CSY - Corey Grain Shape Factor (Assumed: (0.2)

d - logarithmic average gold grain diameter

Mg ryi - Mass of gold in long-tom of size fraction i

Mgcryi - Mass of gold in catch-tub of size fraction i

Mguoni - Mass of gold of size fraction i in the total sample

Maq i - Mass of analytical portion for long-tom of size fraction i

Mayery - Mass of analytical portion for catch-tub of size fraction

Pgieni - Number of particles of gold in the analytical portion of the catch-tub
Pgmi - Number of particles of gold in the analytical portion of the long-tom
Pgioni - Number of particles of gold in analysis of the long-tom and catch-tub
p, - density of gold (Assumed : 17 g/cm?)
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To find the number of particles of gold in the long tom analytical portions:

Pg([;[-)i == Cg(LT)i X Ma(m.» X 10"!2 / pg X (4/3 xCSFxnm (d/2)3)

[unitless] = [ppb] x [g] x 107/ [g/em®] x [mm’]

Similarly, to find the number of particles of gold in the catch tub analytical portions:

Pgicmi = Ceeny X Maery x 1077/ p, x (4/3 x CSF x = (d/2)°)

The combined number of particles in the two analytical portions is given by:

Pgooni = Pgumit Peeni

Table 5.1 shows the results of these calculations and the number of particles of gold in the
long-tom and catch-tub samples. However, these calculations can be greatly influenced by
changes in the assumed shape and size of the gold particles in the analytical portion. The
CSF is used to account for the non-spherical nature of particles in the calculations. For the

Dominion Creek gold the exact value is uncertain and may vary. The significance of

changing the grain shape factor is illustrated in Table 5.2, where the number of particles of
gold in a subsample of the long-tom concentrate is calculated for several CSF’s and for
spheres. From this table it is evident that the shape factor for particles of gold greatly
influences the results of these calculations. If particles are considered to be discs with a

width to diameter ratio of 1:5 rather than spheres, then the number of gold particles in the
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Table 5.2 The effects of considering gold particles as flakes, with various Corey Shape Factors
(CSF), compared to considering them as spheres, in calculations for the number of particles in
the average analytical portion. From this table it can be seen that the calculated number of
particles increase by 6 times for calculations using flakes, rather than spheres. The number of
particles calculated also changes greatly for small changes in the CSF.

Number of Particles in the Average Analytical Portion
For the Vaiue of Corey Shape Factor For

Size Fraction 0.15 0.2 0.25 spheres
0.212 - 0.425 mm 1.3 1.0 0.8 0.2
0.150 - 0.212 mm 1.9 1.4 1.2 0.29
0.106 - 0.150 mm 7.2 5.4 4.3 1.1
0.075 - .16 mm 16.3 12.2 9.3 24
0.053 -0.075 mm 48.5 364 29.1 7.3
0,053 mm 1333.3 1000.0 800.0 200
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analytical portion will increase by as much as six times. A change in the CSF of 0.05 can

appreciably change the calculated number of particies.

The calculation of the number of particles was also based on the assumption that the
diameter of gold particles was equal to the logarithmic mean of the bounding sieve openings
for each size fraction. However, trial calculations (Table 5.3) showed that the diameter used
greatly affected the results. Calculations showed that changing the particle diameter from the
upper to the lower bounding sieve produced results differing by approximately 300 % for
particle sizes above 0.053 mm. From these results it is obvious that shape and grain diameter
of gold particles greatly effects the results of these calculations. Appendix G contains tables

used in the calculations of these results.
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Table 5.3. The effects of changing the assumed gold grain size diameter on the calculated
number of particles in the analytical portion. Calculations using the particle diameter of the
upper and lower bounding sieve increases the calculated number of gold particles by

approximately 360 %, for particle sizes above 0.053 mm. Number of particles are based on the
average number of particles in each size fraction

Average Number of Particles in the Average Analytical Portion
Concentratfion For different particle diameters
Size Fraction (pph) Upper Size Average (log) Lower Size
0.212 - 0.425 mm 1889 0.4 1.0 29
0.150 - 0.212 mm 934 09 1.4 24
0.106 - 0.150 mm 512 32 5.4 9.1
0.075 - 0,106 mm 281 7.3 12.2 205
0.053 -0.075 mm 191 21.6 364 61.3
-0.053 mm 199 18.9 1600.0 -
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5.2.2 Calculation of Error Bounds with the Asymmetric Poisson Distribution

In the Poisson Distribution, the variance, o°, equals the mean, w(p=0" ). This property can
be used to estimate confidence limits on a population. The upper (L) and lower (L)
confidence limits are asymmetric around a parameter (L,< p €L,), and can be estimated
using the standard deviation, o, calculated with the Poisson distribution for the 1-o

confidence level by the following formulae (Zarr, 1984):

L : Lower 1-o Confidence Limit
L, =x2 (-amw /2 3 where v=2X
L, : Upper 1-a Confidence Limit

L= % @ my /2 ; where v=2(X+1)

where;
X = number of particles in the combined analytical portions
%’a.v= The value of the Chi-Squared Distribution which has o probability of being

exceeded, with v degrees of freedom.

I the combined number of particles is considered to be the mean number of particles in a
sample at that location, then it can be assumed to be the mean of a Poisson distribution which
can then be used to estimate the sampling error. Table 5.4 shows the calculated upper and
lower limits for the number of gold particles in the sample. These confidence limit

calculations can be found in Appendix G. The upper and the lower limits were then
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converted from the number of particles of gold to concentrations of gold and the error
bounds were plotted (figure 5.1 and 5.2). As expected, the error bounds decrease as the gold
! grain size decreases and the average number of particles in the analytical portion increases.
This is due to error in the measurement of gold concentration decreasing as the number of
particles in the analytical portion increases. As the proportion of variability attributed to
sampling and analytical error decreases, the natural variability between samples becomes
more apparent. From these graphs it is clear that the error bounds on the 0.212-0,425 mm
and 0.150-0.212 mm size fractions are sufficiently large that natural variability between
sample sites is likely masked by the analytical error. The error bounds on the -0.150 mm size
fractions are smaller than the apparent variability between samples. Therefore, meaningful
correlations and comparisons of data will likely result only from the gold values for sediment

fractions -0.150 mm.
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Figure 5.1 Graphs of gold concentration versus samples for the 0.212-0.425 mm, 0.150-0.212
mm, and 0.106 -0.150 mm size fractions, showing asymmetric Poisson error bounds on gold

concentrations calculated from combined analytical results for the long-tom and catch tub. Note
the change of concentration scale for each graph. The left axis is the number of particies of gold

for the average concentration. The limits of the error bounds are not accurately represented by

this axis.
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Figure 5.2 Graphs of gold concentration versus samples for the 0.075-106 mm, 0.053-0.075 mm,
and -0.053 mm size fractions, showing asymmetric Poisson error bounds on gold concentrations
calculated from combined analytical results for the long-tom and catch tub. Note the change of
concentration scale for each graph. The left axis is the number of particles of gold for the average
concentration. The limits of the error bounds are not accurately represented by this axis. Arrows
represent concentrations exceeding limits of axis scale.
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6.0 RELATIONSHIPS BETWEEN GOLD CONCENTRATIONS, TEXTURE

AND SAMPLING SITES

After reconstruction of gold concentrations for the samples and the determination of whether
natural variability between samples could be distinguished from analytical and sampling
errors, other relationships among gold values, texture and sampling locations and among the
sample descriptions were sought. Relations among these factors and gold values might give
insight into the depositional environment and origin of this gold deposit. Gold
concentrations from analysis of the size fractions greater than 0.150 mm were not
considered, as error bounds were found to mask natural variability. Thus, only four size
fractions were considered in these relations: -0.053 mm, 0.053-0.075 mm, 0.075-0.106 mm,

and 0.106-0.150 mm.

6.1 GOLD TRENDS ALONG THE CUT WALL

Total concentrations of gold in the samples and the concentrations of gold for each size
fraction were plotted for the location of the sample along the cut wall (Figure 6.1). The
results showed high variability along the section, with no consistent increasing or decreasing
trends for total gold in the sample or for gold in any particular size fraction. An anqmalously
high gold concentration for all size fractions was returned for sample site T-9, at 176 meters.
This sample location is adjacent to a portion of the pit that was found to be “high grade”

during mining.
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Figure 6.1 Profile of gold concentrations for various size fractions versus distance upstream.
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exceeding limits of axis scale.
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6.2 CORRELATION VALUES

Correlations between sediment size fractions and gold size fractions may give an indication
of processes involved in the formation of the deposit. However, prior to using linear
correlation as a tool in data analysis, the associated problems must be considered. Linear
correlation expresses the tendency of two variables to form a straight line; therefore, outliers
have a significant effect on correlation values. Spurious data may also result when using a
closed data set, such as the data set in this study, where variables are expressed as

percentages.

For each size fraction the gold concentrations were correlated with the percent mass of
sediment for each size fraction. Positive and negative statistically significant correlations, at
the 90 % confidence level, were found to exist within all samples, within the group of
samples determined to be bimodal and within the group of samples determined to be
trimodal. Table 6.1 shows the correlations, with the statistically significant correlations
highlighted. The degrees of freedom for each group of samples and the corresponding value

of the correlation constant, r, at the 90% confidence level are also found in Table 6.1.

On the corrrelations matrices three prominent features are evident. First, positive statistically
significant correlations exist for gold size fractions and the abundance of sediments 2-4 size
fractions larger, while negative correlations exist between gold size fractions and the
abundance of sediment of the same size. These correlations are present for gold size fractions
between 0 - 0.150 mm in the correlation matrices of all of the samples, the bimodal samples
and the trimodal samples. They are most prominent in the matrix of trimodal samples where

high positive correlations exist for sediments 3 sizes larger than gold particles and large
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negative correlations exist for a sediment size and the same gold size fraction. In the matrix

of the bimodal samples, this feature is still evident but it is less prominent,

The second feature apparent in the correlation matrices is that there are several distinctly
different patterns of negative and positive correlations for the bimodal and trimodal samples.
In addition, the coarser size fractions show different correlation patterns between the

trimodal and bimodal samples.

The third feature in the correlation matrix is that in the coarse size fractions a poorly defined
pattern with both positive and negative correlations is evident. In the bimodal samples,
strong negative correlations exist for gold size fractions form 0.053-0.150 mm and sediment
sizes between 2-8 mm. For coarser sediments (45-91 mm) correlations become positive and
then negative for sediments 91- +128 mm. These correlations approximate positive and
negative bands of correlations across the matrix for the coarse sediment sizes. In the
trimodal samples the pattern of positive and negative correlations forms a more complex

chevron shape.

The correlations can be interpreted to yield information regarding the depositional
environments of all of the samples and to examine the potential for sedimentological

differences between the bimodal and trimodal samples.

The most prominent feature on the correlation matrix, the existence of positive statistically
significant correlations between gold sizes and sediments 2-4 size fractions larger and
negative correlations for gold and the same size fraction, is strong evidence of hydraulic

mechanisms active in the depositional environment of the deposit. Concepts such as
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hydraulic equivalence and transport equivalence (refer to section 1.2) may explain these
trends where coarser light particles are found in a bed with smaller, denser particles. The
concept of hydraulic equivalence and its potential applicability here can be illustrated with

an example.

If we assume a simple environment where particles with the same settling velocity will be
deposited on the bed of a stream, Dietrich’s (1982) version of Stoke’s Law can be used to
predict the sizes of gold and sediment that will be deposited in the same hydraulic regime.
Consider a flake of gold with a thickness to width ratio of 1:5 (CSF = 0.2) and a specific
gravity of 17 and a spherical sediment particle with a specific gravity of 2.7. If the gold flake
has a diameter of 0.106 mm, then Dietrich’s version of Stoke’s Law predicts a settling
velocity 3.1 cm/s. Then the diameter of a sediment with the same settling velocity is 0.250
mm. Thus, in this environment gold is deposited in the same environment as sediment of 2
size fractions larger. Thus, hydraulic equivalence, and potentially transport equivalence, are

plausible explanations for this feature seen in the correlation matrices.

Inverse correlations existing between gold size fractions and the same size fraction of
sediment may also be due to hydraulic or transport equivalence. Small, low density particles
will be entrained from a stream bed where more dense gold particles of the same size are
being deposited. Thus, lighter particles may be selectively removed from the bed, while

heavier particles of the same size will be concentrated on the bed.

The correlation matrices indicated that these correlations were stronger and more defined in
the trimodal samples than in the bimodal samples. This suggests that fluvial sorting processes

may have been greater in the depositional environment for the trimodal samples than the
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bimodal samples. Also noted was the difference in correlation patterns between the bimodal
and trimodal samples for coarse size fractions. These two factors suggest that there may be a
significant difference in the depositional environment of gold in the trimodal and bimodal

samples. The presence of the third population, C, may be related to this difference.

Interpretation of the correlation patterns noted in the correlation matrices for the coarser
sediment sizes is speculative, but these patterns are thought to be related to energy, bed
roughness and/or plugging effects. Energy and bed roughness of the depositional
environment control the material that becomes trapped on the stream bed. Larger sediment
sizes are deposited in high energy environments with high water velocities and volumes.
Any particle smaller than one third of the median grain size of the bed is fully hidden and is
protected from entrainment by turbulent flow. Thus, the trends in the correlation matrices
may reflect changes in the energy of the depositional environments. Similarly, plugging may
account for some of the trends on the correlation matrices. The effect of plugging is
analogous to the effect of riffle spacing for optimal concentration of gold in a sluice box. If
riffles are placed too close together, the riffles become plugged with fine sediments and gold
can not be concentrated. When riffles are too far apart, large vortices are created and the
space between the riffles becomes badly scoured. While these theories to explain the patterns
in the matrices are speculative, a similar potential trend was noticed by Fletcher in Harris
Creek and may give an indication of the energy of the environment in which the gold was
deposited. (Fletcher, per. com. 1996). As the sediment and gold relations which result from
the interaction of these processes are poorly understood, an interpretation of the matrices

based on these concepts has not been attempted.
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Interpretation of the patterns in the correlation matrices and the understanding of the
differences between the bimodal and trimodal samples may improve if the origin of the third
population C is understood. However, correlation data clearly shows that the two groups of
samples were likely formed in slightly different depositional environments, which have

resulted in basal units of apparently similar structure,

6.3 TRANSPORT EQUIVALENCES

On a stream bed, transport equivalent particles are always found in the same relative
concentration, despite differences in the size and density of the particle and changing flow
conditions (Fletcher, 1991). Transport equivalence between gold and the sediment size
fraction with the most nearly constant relative rate of transport is estimated by the minimum
coefficient of variation, CV, for a gold size fraction over all of the sediment size fractions
(Fletcher, 1991). The coefficients of variation (CV) were calculated for each of the 16
relative concentrations over the 16 samples for each of the 6 gold size fractions. The
minimum CV over the 16 sediment size fractions indicates the corresponding sediment size
that had the most nearly constant relative rate of transport with the gold size fraction. The
results of the CV calculations are presented in Table 6.2, The minimum CV for each of the 6
gold size fractions is in bold, italic print. The potential transport equivalences were
calculated for all samples together - the group of bimodal samples and the group of trimodal

samples.
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Table 6.2 Potential transport equivalents calculated with the coefficient of variation. Minimum
coefficients of variation are shaded.

All Populations

1 Sediment Gold Size Fractions
: : Sizes +,106, - IS0 +075,-.106  +053, -075 -.053
+126 mm 2185 1447 170.6 t17.2
+81, -128 1012 109.3 24,4 1246
+64, -91 95.5 86.7 69.6 199
+45, - 32 88,3 169.2 958 1149
+32, 45 866  EESEEAEE 1) 859
+16, -32 886 97.3 70.1 753
+8, 16 929 103.3 714 76.9
+4, 8 88.4 100.1 838 92.0
: +2, 4 1205 109.8 74.5 141
) +1.68, -2 98.6 529 702  EEETERE
- +1.19, -1.68 847 879 69.9 73.8
+.841, -1.19 86.7 87.5 67.4 74.8
+,695, 841 842 913 676 284
+425, -,595 91.1 71.2 818
+.212, -.425 874 725 79.5
+.150, -.212 9.0 704 80.1
+.106, - 150 106.9 5.8 100.3
+.075, -.106 1090 76.6 88.3
+.053, -.075 107.6 97.0 116.8
-053 94.6 MHOOISE 113
Bimodal Samples
Sediment Gold Size Fractions
Sizes +.106, -.150 +.075,-,106 +,053, -.075 -.053
+128 mm 7046 159.6 160.4 114.4
+91, -128 107.1 128.5 96.4 138.5
+64, -91 925 62.7 584 743
+45, - 32 273 84.7 64.6 92.5
+32, 45 75.7 66.0 629 804
+18, -32 693 60.1 55.2 75.3
+8, -16 M9 69.2 589 81
+4, -8 70.1 60.5 809 93.1
+2, 4 1132 1154 715 102.6
+1,68, -2 102.3 7.8 726 76.6
+1.19, -1.68 86.8 60.1 72.5
+.841, -1.19 84.4 594 65.8
+.595, -.841 829 617
+.425, ..595 858
+.212, -425 76.5
+.150, -,212
+.108, - 150
3 +075, - 106
: +053, -.075
-.053

Trimodal Samyles

?53 Sediment Gold Size Fractions
% Sizes +.106, -,150 +.075,-.106 +.053, -.073 -.053
% +128 mm 1133 1235 1285 119.8
+91, -128 81.0 65.0 19.6
+64, -91 T2 924 679 86.7
+45, - 32 8138 126.3 117.5 i48.6
+32, 45 6.5 94.5 706 723
+16, -32 827 109.1 55.5 582

+8§, .16 825 (74

+4, .8 849 1203 58.8 56.6
+2, 4 1.0 99.8 54.7 1033
+1.68, -2 187.6 624 70.8
: +1.19, -1.68 166.8 779 88.1
H +.841, -1.19 104.1 7.1 8311
+.595, -.841 108.3 731 85.7
+.425, - 595 109.4 76.4 88.6
+.212, - 425 103.6 833 94.4
+,150, -.212 1052 78.5 73.0
+.1086, - .150 102.0 85.4 107.7
} +.075, ~. 108 115.6 587 65.2
+053, -.075 . 116.4 109 .4 140.1
-063 834 1139 57.5 67.5
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Coefficients of variation all correspond to very large sediment sizes, 9-13 size fractions
larger, despite very fine gold sizes. No major reduction in variation for a particular size
fraction is evident and minimum coefficients of variation appear random. This suggests the
processes that result in transport equivalence are not distinguishable in the data set for the
sediments of the Dominion Creek deposit. Transport equivalents be masked by the break
down of clasts due to weathering and further augmented by processing the samples in

sluicing and sieving.
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7.0_DISCUSSION

The study focused on a detailed examination of the basal unit of a gold bearing quartz gravei
deposit near the left limit (Southeast side) of the paleochannel of Dominion Creek. Sampling
followed the course of placer mining over the 1995 season as a 610 meter long cut face was
exposed, parallel to the length of the channel. Sampling of the basal unit was selected as
drilling, sampling and observation in the mine pits had identified the highest gold
concentration to be within the lower 0.5 meters of gravel and the upper 0.5 meters of
bedrock. The basal unit is a massive, disorganized, pebble-boulder, clast supported gravel,
lacking stratification and imbrication, which varies from 0.3 - ] meters thick. Commonly
the unit contains scattered boulders, up to 1.0 meter in diameter, that are not found in higher
parts of the section . The processes and environment in which the gold bearing basal units of
this deposit formed have been poorly understood. The principle aim of this study was to
develop textural relations and statistical correlations for the sediments and gold

concentrations of the basal unit.

Correlation matrices of sediment abundance and gold concentrations showed trends that are
indicative of the types of processes involved in the deposition of the basal units. A positive
correlation was found for gold sizes and sediments, 2-4 size fractions larger, which is
consistent with the sediment-gold particle relations predicted by the concepts of hydraulic
and transport equivalence. These correlations suggest that dense gold particles will be found
on a bed with coarse, less dense particles. An inverse correlation was also found for gold size

fractions and the same sized sediment, suggesting that environment in which the deposit
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formed favored the deposition and concentration of small dense particles of gold, while less

dense sediments of the same size were entrained.

In the field, sampling sites were selected where the basal unit was uniform and similar in
appearance, thickness and structure. Although efforts were made to select sample sites at

which the basal units were visually similar to each other, textural studies have shown that

there are differences in grain size distributions among the samples. On cumulative
probability plots, samples were identified to all contain two principle populations: (A) a
matrix infilling and (B) a coarse framework. Nine of the sixteen samples also contained a

third, fine sand-silt population (C) and were designated as trimodal. Field observations,

mineralogy and gold concentrations of the units did not define any significant differences

between the units sampled and the groups of samples identified as bimodal and trimodal

Differences in the correlation matrices and the probability plots between the bimodal and
trimodal samples suggest that the depositional regime (processes and environment) of the
two groups of basal units was different. The positive correlations between gold size
fractions and sediments 2-4 size fractions larger and the inverse relation between gold sizes
and the same sediment size, were stronger and more defined in the trimodal samples than in
the bimodal samples. These differences suggest that fluvial sorting processes that were

involved in the concentration of gold in the deposit may have been more significant in the

samples identified as trimodal. Further investigation into the origin of population (C) may

facilitate determining the differences between the bimodal and trimodal samples.

The correlation matrices also showed differences in the patterns of positive and negative

correlations for the fine gold and coarse sediment sizes, which may be indicative of the
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energy of the depositional environment, however, these features are not understood. Further
statistical analysis of the data set may identify other relations between the sediments, goid

and depositional processes.

While the origins of all the patterns seen in the correlation data cannot be fully explained
within this study, they are consistent with the characteristics of modern day streams, where
processes such as hydraulic equivalence and transport equivalence are active. Similarly,
textural data suggests that the sediment grain size distribution is also like those found in
fluvial gravel deposits. Comparison of grain size distribution curves with showed no
distinet differences between the sediments of modern gravel streams and the sediments
examined in the basal unit. The lack of developed structure, except for very crude sub-
horizontal fabric of flat pebbles and cobbles, in the otherwise massive and disorganized unit,

suggests rapid deposition.

From all the texturai, gold grain size distribution and field observations, the depositional
environment of the basal unit is thought to have been that a high flow aggrading braided
stream or alluvial fan deposit. Mass wasting of saturated sediments and bedrock may also

have been a component in the deposition of this unit.

7.1 DOMINION CREEK STRATIGRAPHY AND CORRELATION

The basal units of the valley-bottom gravels and other units comprising the lower 2-3 meters
of the section are all fairly homogeneous massive gray quartz gravels that lack stratification

and are made up of overlapping successions of poorly defined tabular lensoid units, with
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scoured contact surfaces. It is impossible to trace individual units between sites, and contacts
are only obvious where coarse and fine gravels are in contact. Visually this lower part of the
section appears similar, but there are important differences in the basal unit that are not
apparent at individual sample sites. Not apparent s the common occurrence of scattered
boulders on bedrock and in the bottom 1 meter of the section, which is very evident in the
mine cuts as they are progressively deepened. Also not apparent is the higher gold
concentration in the basal 0.5 meters of gravel and upper bedrock, and the elevated gold

content in the overlying 2-3 meters of massive gravel.

A few kilometers northeast of the study area, a large remnants of a quartz gravel terrace has
been recently found on an old bedrock surface some 30 meters higher than the Dominion
Creek floodplain. These highly weathered remnants reach a thickness of 11.5 meters and are
similar to the present day valley-bottom deposits, but are generally cleaner more mature,
quartz gravels, and have much larger quartz boulders on bedrock. These deposits also
become better stratified and sorted upwards and include some very mature pure quartz

gravels in the upper parts of the section.

Morison (1985) correlated the Dominion Creek valley-bottom gravels with the White
Channel gravels because of their close similarity, but at that time the occurrence of the
higher level terrace deposits on Dominion were not known. These terrace deposits are
cleaner more mature quartz gravels, and are more like the classic White Channel in
composition and relative stratigraphic position, but at present only a tentative correlation can

be made.
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7.2 DEPOSITIONAL ENVIRONMENT - DOMINION CREEK

The deposition of the valley-bottom gravels followed a period of uplift and renewed erosion
during which the valley was deepened by more than 30 meters. The basal units studied were
deposited along the left limit of the paleochannel which was in the order of 300 meters wide
and 2 or more meters deeper in the mid-channel (totally mined in the past and maximum
depth unknown), than at the sample sites. This paleochannel is believed to have been formed
by a degrading stream during a time when flow rates were much higher than at present and
were sufficient to transport most of the sediment entering the drainage. Bouiders and
concentrations of gold probably existed in this channel prior to deposition of the basal unit

studied.

Deposition of the basal units is believed to have occurred shortly after there had been a
sudden change in stream hydrology from a degrading to an aggrading condition, as a result of
accelerated erosion and increased stream flow. Greatly increased precipitation is the most
likely reason for the high flow rates which gave rise to the deposit: there is no evidence of
glaciation in the valley, thus ice meltwater is not a factor. The sources of sediment are
believed to have been the pre-existing higher level gravel terraces, tributary stream alluvial
fan deposits and gravity flow (mass wasting) deposits off adjacent water saturated slopes.
Upon reaching the stream, these materials were re-worked and mixed into the aggrading

valley deposits,

The transition from degrading to an aggrading condition is visualized to have occurred

quickly. As water levels rose to extreme flood levels the existing stream bed remobilized and

126



pre-existing alluvium, boulders and gold became mixed with newly supplied sediment as the
channel bottom was scoured. The influx of new sediment quickly increased as Dominion
basin became water saturated. The mass wasting of the slopes and cut banks of the tributary
creeks combined to produce an overload of sediment into the main stream. Gold and boulders
remained concentrated at the bottom of the channel as the stream began to aggrade forming
the basal units of the deposits. As the stream continued to aggrade it probably became
braided, with the main channel continually shifting and scouring higher parts of the channel
floor, such as the sample location, while the paleochanne! continued to fill with sediments.
Pre-existing placer gold concentrations and boulders remained near the bottom but were
likely transported, to some degree, as bedload. While the lower 2-3 meters of the section was
being deposited a supply of gold continued to be available. The source of gold may have
been, in part, the older White Channel terrace deposits that were being eroded and re-worked
as the stream aggraded, but gold was also probably derived from the scouring and re-working
of sections of the main channel. Whatever the source, gold was deposited rapidly along with
sediment with little opportunity to become concentrated in this rapidly aggrading fluvial
environment, A relatively uniform distribution of gold values resulted and is fhe reason that

an unusually thick 2-2.5 meter gravel section is of sufficient grade to mine.

Dominion Creek continued to aggrade for some time, but the supply of sediment diminished
as precipitation began to drop off. The more stratified and better sorted upper parts of the
deposit developed during this period, as flows returned to more normal levels. Eventually
precipitation and stream flows diminished to current levels and the present day meandering
stream was formed on the surface of the valley-bottom gravels. Numerous abandoned
meander channels are buried under 2-3 meters of more recent overbank flood deposits of

mud, silt and organic debris. Up to 2 meters of peat and moss cover the valley floor that has
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stowly increased in thickness with annual moss growth in summer and upward encroachment

of permafrost in winter.

7.3 REGIONAL PALEODEPOSITIONAL MODEL

The Klondike has been affected by extreme climatic and hydrological events associated with
three Pliocene and Pleistocene glaciations, but has never been over ridden by glacial ice. The
surficial geology therefore has been developing for a long period and the concentrating
processes that give rise to placer deposits have had time to be effective. Two similar cycles
of erosion and rapid deposition are envisioned as having formed the White Channel deposits

and then the valley-bottom deposits.

In the early Pliocene a mature erosional surface was uplifted (Morison, 1985) and the current
erosion cycle began. Placer gold concentrations and mature quartz gravels may have already
existed on this old land surface from the previous erosion cycle, prior to the development of
new topography. By the end of the Pliocene the streams and valleys had developed to be
much like at the present, although narrower and not as deep. Erosion was in balance with
stream flows and creeks were degrading. Placer gold deposits and some large boulders may
have been present on the valley bottoms prior to the Pre-Reid glaciation, A large increase in
precipitation caused flood conditions in the streams and rapid erosion in the stream basins.
Initially the flood waters likely caused remobilization and scouring of the existing stream
beds, but then as erosion of the water saturated slopes accelerated, overloads of sediment

were delivered to the mainstreams, causing them to aggrade. The deposits of almost pure
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quartz gravels that were formed during this period are named White Channel Gravels, and
these accumulated rapidly in an environment which was described by Morison {1985) as a
crudely to well -braided environment dominated by high discharges. Valley wall sediment
gravity flow and tributary alluvial fans and/or slumps also resulted in deposits within the
main valley braidplain. On Dominion Creek remnants of similar mature quartz gravels are
preserved on terraces, and quartz rich terrace deposits are known elsewhere in the Klondike
such as on Quartz Creek. The event that gave rise to the White Channel is believed to have
had affected all the drainages of the Klondike and it has been dated at older than 1,22 million
years. It seems unusual that mature quartz gravels were deposited at such an early stage in an

erosion cycle which suggests they may be related in some way to a previous erosion cycle.

The upper section of the White Channel deposits is more stratified and graded than the lower
massive portion, During deposition of the upper gravels the streams were still aggrading but
the supply of sediment had started to diminish and continued to diminish until flows returned
to normal levels. Thereafter, the streams may have immediately resumed degrading, or
possibly later uplift caused the streams to be rejuvenated. Whatever the reason, a period of
valley deepening followed deposition of the White Channel, accompanied by widening of

some valleys by lateral migration of streams.

As the Klondike valleys deepened portions of the old stream beds and the White Channel
gravels would have been eroded. Placer gold and boulders would therefore have been moved
downward and been re-concentrated in the beds of the degrading streams as described in the
previous section on Dominion Creek. Deepening of the Klondike area valleys is believed to

have occurred near the time of the Reid glaciation (Morison, 1985).
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A second period of extreme precipitation, accelerated erosion and high stream flows
followed after the Reid glaciation, again causing the streams to aggrade. The deposits formed
at this time are the present day valley-bottom deposits, such as described at Dominion Creek.
They were deposited very rapidly and the sources of the sediment were the older White
Channel terrace deposits, tributary stream alluvial fan deposits and deposits from mass
wasting of the valley slopes. As in the earlier White Channel deposition, streams continued
to aggrade for some time as precipitation and flows diminished, and the upper parts of the

deposits become better stratified and sorted.

Wide valleys, such as Dominion, appear to have been stable since the McConnell glaciation
and stream flows have been at relatively low levels. Overbank floodplain deposits of mud,
silt and organics and thick moss-peat layers have developed above the gravels. Narrower and
steeper streams and headwaters have continued to slowly degrade. Gold is believed to have
been derived locally from prolonged weathering of the Klondike schists and has been
concentrated and repeatedly reconcentrated on or near bedrock during every stage in the

development of the streams in the Klondike Goldfield.
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APPENDIX E




PROBABILITY GRAPH DATA

POPULATION A
Sample % of popiuation Phi Sigma Phi Phi Phi Phi ~Binormal
Numhsr in gample 50 {std. dev) 95 5 4 16 -Trinormal
T-1 16 1.8 -1.2 0.9 2.8 1.2 5.0 T
T-2 11 2.1 -1.1 1.3 5.0 2.1 4.2 T
T3 16 1.6 -1.4 0.8 5.2 1.6 4.5 T
T-d4 12 2.0 0.5 0.8 3.4 0.9 1.1 T
T-5 22 2.0 -1.3 0.3 4.3 0.5 34 B
T-8 30 2.2 2.4 -3.8 4.6 -1.3 34 8
T-7 14 26 0.6 3.0 4.0 1.6 34 T
T-8 26 1.4 =21 2.2 4.8 -0.8 36 8
T-9 20 1.5 -2.0 2.0 47 -0.8 3.5 B
T-10 27 1.2 -1.8 -1.8 4.3 0.6 3.0 B
T-11 42 0.4 -1.8 -3.4 4.2 -1.8 0.8 B
T2 25 1.1 -1.7 -1.8 37 -0.6 28 T
T-13 42 04 2.6 -6.5 4.4 -1.6 2.2 T
T-14 50 -1.8 -3.1 -7.0 3.2 -5.0 1.2 B
T-15 33 0.6 2.0 -2.0 2.4 1.2 4.0 T
T-18 12 1.7 «1.1 08 28 1.1 4.2 T
Average 25 1.4 1.7 -1.4 4.0 0.3 3.1
Max 50 3 0 3 5 2 5
Min 11 -2 -3 -7 2 -5 1
Average Grain Diameter {mm): 0.4
POPULTATION B
Sample % of popluation Phi Sigma Phi Phi Phi Phi  -Binormal
Number in sample 50 (std. dev) 95 5 84 16 -Trinormal
T-1 78 -4.8 -2.4 -8.6 -0.8 -1.2 2.4 T
T-2 83 -3.86 -1.9 -5.8 «0.4 5.6 -1.7 T
T3 78 -5.1 -1.6 -7.8 2.4 -6.8 -3.5 T
T4 83 4.9 -1.9 -8.0 -1.8 -6.8 -3.0 T
TS5 78 -3.8 -20 7.0 -0.4 -5.8 -1.8 B
T-6 70 -5.3 -1.5 79 27 -6.8 -3.8 8
T7 78 -3.6 -2.3 7.3 0.3 -5.9 -1.4 T
T8 74 4.2 -2.1 -7.6 -0.8 -6.2 -2.0 8
T.8 80 -5.0 -2.2 -8.8 -1.4 -7.2 27 B
T-10 73 -4.9 «1.8 -8.0 -1.6 -6.8 -3.0 B
T-11 &8 5.7 -1.3 7.8 -3.5 <7.0 4.4 B
T-12 70 -4.8 -1.8 7.8 -1.8 8.5 «2.9 T
T-13 &8 -52 -1.5 7.8 -28 -6.8 -3.7 T
T-14 50 -5.8 -0.8 7.4 -4.3 6.7 4.9 B
T-15 60 -5.7 2.0 -8.0 -1.3 -6.8 2.7 T
T-16 82 4.1 2.2 =77 -0.6 6.3 -2.0 T
Average 72 -5 -2 -8 2 -7 -3
max 83 -4 -1 -7 0 -8 -1
min 50 6 -2 -9 -4 -7 «§
Average grain diameter (mm)=  27.4
POPULTATION G
Sample % of popluation Phi Sigma Phi Phi Phi Phl -Binormal
Number In sample 50 {std. dev) 95 5 84 16 -Trinormal
T-1 7 3.4 -1.6 0.8 6.0 1.8 5.0 T
T-2 6 3.1 -1.1 1.3 5.0 2.4 4.2 T
T-3 6 29 -0.8 -0.3 5.9 1 3.8 T
T-4 5 3.0 -1.8 0.0 5.8 1.3 4.8 T
T-5 0.0 B
T-6 0.0 B
T-7 8 52 -1.6 0.8 7.3 3.2 58 T
T-8 0.0 B
T-8 2.0 B8
T-10 0.0 B
T-11 0.0 B
T2 3 4.2 -0.3 3.4 3.5 4.2 5.1 T
T-13 4 4.6 -2.7 oA 9.0 1.8 7.2 T
T-14 0.0 B
T-15 7 1.8 -1.8 -1.4 49 -0.3 3.6 T
T-16 8§ 20 2.3 -1.8 56 04 4.2 T
Average ¢ 3.4 -0.9 6.3 59 1.8 4.9
max 8 5.2 .o 3.4 8.0 4.2 7.2
min 3 1.8 2.7 -1.8 3.5 0.4 3.5
Average grain size mm} = G110
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PROBABILITY GRAPH DATA

POPULATION A
Sample % of popluation Phi Sigma Phi Phi Phi Phi B.Binormal
Number in sample 50 (std. dev) 95 5 84 16 T-Trinormal
T-5 22 2.0 -1.3 03 4.3 0.5 3.4 B
T6 30 2.2 -2.4 -3.8 46 -1.3 34 B
T-8 26 14 -2.1 -2.2 48 -0.8 38 B
T-9 20 1.5 -2.0 -2.0 4.7 -0.8 3.5 B
T-10 27 1.2 -1.8 -1.8 43 -0.6 3.0 B
T-11 42 0.4 -1.8 -3.4 4.2 -1.8 0.8 B
T-14 50 -1.8 3.1 -7.0 3.2 -5.0 1.2 B
Average 3t 1.0 -2.1 -2.8 4.3 -13 27
Max 50 2 -1 ¢ 5 1 4
Min 20 -2 -3 -7 3 -5 1
Average Grain Diameter (mm): 0.5
POPULTATION B
Sample % of popluation Phi Sigma Phi Phi Phi Phi B-Binormal
Number in sample 50 (std. dev) 95 5 84 16 T-Trinormat
15 78 -3.8 -2.0 -7.0 -0.4 -5.8 1.8 B
T-8 70 -5.3 -1.5 -7.9 2.7 6.8 -3.8 B
T-8 74 4.2 ~2.1 -7.6 -0.8 -8.2 -2.0 B
T-9 80 -5.0 -2.2 -8.8 -1.4 -7.2 -2.7 B
T-10 73 -4.9 -1.9 -8.0 -1.6 -6.8 -3.0 B
T-11 58 BY -1.3 7.8 -3.5 -7.0 4.4 B
T-14 50 -5.8 -0.9 7.4 -4.3 -8.7 -4.9 B
Average 68 -5.0 -1.7 -7.8 -2 6.6 -3.2
max 80 -3.8 -0.9 -7.0 -0.4 -5.8 -1.8
min 50 -5.8 2.2 -8.8 4.3 -7.2 -4.9
Average grain diameter {mm)= 31.1
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PROBABILITY GRAPH DATA
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POPULATION A
Sample % of popluation Phi Sigma Phi Phi Phi
Number in sample 0 {std. dev} 95 5 16
T-1 16 1.8 -1.2 6.9 28 5.0 T
T-2 1 31 -1.1 1.3 5.0 4.2 T
T-3 16 1.6 1.4 0.8 52 4.5 T
T-4 12 20 -0.5 0.8 34 1.1 T
17 14 286 0.5 3.0 4.0 34 T
T-12 27 1.1 1.7 -1.8 3.7 2.8 T
T-13 42 0.4 -2.6 -8.5 44 22 T
T-15 33 0.6 -2.0 -2.0 24 4.0 T
T-18 12 1.7 -1.1 0.8 2.8 4.2 T
Average 20 1.7 -1.3 -0.3 37 35
Max 42 3 0 3 5 §
Min 11 ¢] -3 -7 2 1
Average Grain Diameter (mm): 0.3
POPULTATION B
Sample % of popluation Phi Sigma Phi Phi Phi
Number in sample 50 (std. dev) 95 5 16
1 78 -4.8 -2.4 -8.6 -0.8 2.4 T
T-2 83 -3.6 -1.9 -6.8 0.4 -1.7 T
T-3 78 5.1 -1.8 7.8 -2.4 -3.5 T
T-4 83 4.9 -1.9 -8.0 -1.8 -3.0 T
T-7 78 -3.6 -2.3 -7.3 6.3 -14 T
T-12 70 -4.8 ~1.8 -7.8 -1.8 -2.9 T
T-13 55 5.2 -1.5 -7.8 2.6 3.7 T
T-15 60 -5.7 -2.0 -8.0 -1.3 -2.7 T
T-16 82 -4.1 -2.2 7.7 -0.6 -2.0 T
Average 74 4.6 -2.0 7.7 -1.3 -2.6
max 83 -3.6 -1.5 5.8 0.3 -1.4
min 55 -5.7 2.4 -8.6 -2.6 -3.7
Average grain diameter (mm)= 249
POPULTATIONC
Sample % of popluation Phi Sigma Phi Phi Phi
Number in sample 50 {std. dev) 95 5 16
T-1 7 2.0 -2.4 -3.0 7.0 2.3 T
T-2 6 2.8 -1.2 0.5 6.1 22 T
T-3 6 3.0 -0.4 04 3.0 4.5 T
T4 5 3.2 -1.2 38 4.4 T
T-7 8 34 2.4 -0.3 8.0 586 T
T-12 3 4.2 -0.3 34 s 5.1 T
T-13 4 -1.3 -1.8 2.5 34 2.4 T
T-15 7 2.8 -1.2 0.8 4.8 4.1 T
T-16 6 24 -1.6 0.1 54 43 T
Average 6 25 -1.4 0.5 5.0 39
max 8 4.2 -0.3 34 8.0 66
min 3 -1.3 2.4 -3.0 3.0 22
Average grain size mm) = 0.18
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Partitioned Cumulative Log Probability Plot
For Sediment Size Distribution
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Partitioned Cumulative Log Probability Plot
For Sediment Size Distribution
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Partitioned Cumulative Log Probability Plot
For Sediment Size Distribution &
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Partitioned Cumulative Log Probability Plot
For Sediment Size Distribution

Sample T-5

9.4

44

o0

-]

o

f-]

52

o

[r

o

Phi

Probability (Cummulative %)




Partitioned Cumulative Log Probability Plot
For Sediment Size Distribution
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Partitioned Cumulative Log Probability Plot
For Sediment Size Distribution
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Partitioned Cumuiative Log Probability Plot
For Sediment Size Distribution
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Partitioned Cumulative Log Probability Plot

For Sediment Size Distribution
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“Trimodal Interpretation”

Partitioned Cumulative Log Probability Plot

For Sediment Size Distribution
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“Bimodal Interpretation®

Partitioned Cumulative Log Probability Plot

For Sediment Size Distribution
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Partitioned Cumulative Log Probability Plot
For Sediment Size Distribution
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Partitioned Cumulative Log Probability Plot

For Sediment Size Distribution
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Partitioned Cumulative Log Probability Plot

For Sediment Size Distribution
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Partitioned Cumulative Log Probability Plot
For Sediment Size Distribution
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APPENDIX F




ANALYTICAL RESULTS

VIAL#  Sample # Sieve  Sieve Size Au ppb
95-TMC # microns FA + AA
TMC26 1 B 9 106 2
T™MC27 11 C 8 150 6050
TMC28 14 B 9 106 5
TMC29 6 C 8 150 3290
TMC30 4 B 10 75 20
TMC31 30 B 9 106 35
TMC32 30 C 8 150 95
TMC33 29 B 12 <53 75
TMC34 2 C 9 106 1610
TMC35 30 B 8 150 505
T™C36 9 B 7 212 525
T™MC37 8 B 9 106 70
TMC38 2 B 11 53 20
T™MC39 7 B 10 75 30
TMC40 12 C 8 150 2280
TMC41 2 B 8 150 35
TMC42 8 C 8 150 10400
TMC43 1 B 7 212 5
TMC44 7 B 7 212 2
TMC45 29 B 8 150 2340
T™MC46 12 C 7 212 26700
TMC47 4 C 12 <53 585
TMC48 9 C 12 <53 1230
TMC49 I C 7 212 5360
TMCS50 9 C 10 75 1610
TMCS1 2 C 7 212 16200
TMC52 1 B 11 53 115
TMCs53 8 B 10 75 15
TMC54 30 B 10 75 20
TMCSS 13 B 8 150 15
TMCS6 29 C 8 150 7060
T™CS7 4 B 7 212 S
TMCS8 12 B 11 53 2
TMC59 10 C 7 212 51400
TMC60 4 C 9 106 9150
TMC61 2 C 11 53 1910
TMC62 29 C 10 75 14200
TMC63 13 C 12 <53 515
TMC64 10 C 12 <53 2040
TMC6S 11 B 8 150 25
TMC66 30 B 12 <53 75
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ANALYTICAL RESULTS

VIAL#  Sample # Sieve  Sieve Size Au ppb
95-TMC # microns FA + AA
TMC67 14 C 8 150 5390
TMC68 6 B 7 212 2
TMC69 5 B 10 75 145
TMC70 30 C 7 212 13800
TMC71 5 B 11 53 210
TMC72 2 B 7 212 2
T™MC73 12 B 12 <53 60
TMC74 9 C 11 53 1410
TMC75 7 B I 53 175
TMC76 2 C 10 75 935
T™C77 8 B 7 212 10
TMC78 14 B 11 53 60
TMC79 12 C 9 106 5820
T™MC80 7 B 8 150 10
TMC81 6 B 12 <53 80
TMCS82 4 C 9 106 5370
TMCS83 14 C 11 53 6930
T™MC84 10 B 10 75 65
TMC8S 11 C 9 106 8190
TMC86 6 C 9 106 7070
TMCE7 7 B 9 106 190
TMC88 4 C 10 75 3710
TMC89 4 B 8 150 gs
TMC90 9 B 8 150 2140
TMC91 13 C 10 75 395
T™MC92 30 B 7 212 5
TMC93 12 B 10 75 2
TMC94 10 C Il 53 2820
TMCO5 7 C 11 53 1860
TMC96 14 C 12 <53 7100
TMC97 10 C 8 150 1720
TMC98 7 C 8 150 1750
TMC99 2 C 12 <53 570
TMC100 11 C 9 106 8040
TMC101 10 B 8 150 25
T™MC102 1 C 9 106 4630
TMC103 6 B 8 150 165
TMC104 2 B 12 <53 80
TMCI105 2 B 7 212 2
TMC106 5 C 10 75 1000
TMC107 4 C 9 106 4380
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ANALYTICAL RESULTS

VIAL#  Sample # Sieve  Sieve Size Au ppb
95-TMC # microns FA+ AA

T™C108 4 C 7 212 10900
T™C109 6 B 10 75 2
™CI10 13 C 7 212 760
TMCI11 30 C 12 <53 790
T™C112 1 C 12 <53 625
TMCI113 7 C 7 212 3920
T™C114 10 B 8 150 70
TMCI115 11 B 12 <53 10
TMCI116 29 C 7 212 10600
TMC117 13 C 9 106 2860
TMCI118 11 B 10 75 40
TMCI119 4 B 11 53 50
TMC120 13 B 7 212 25
TMC121 14 B 12 <53 145
T™C122 10 C 9 166 2320
T™MC123 1 B 12 <53 80
T™CI124 4 B 9 106 10
TMCI25 7 C 7 212 19400
T™MC126 9 C 3 150 9500
TMC127 10 C 10 75 2060
T™CI128 s3 <53 8320
TMCI129 6 B 7 212 2
TMCI130 29 C 11 53 6930
TMC131 13 B 11 53 65
TMC132 29 C 9 106 14500
TMC133 4 B 8 150 345
TMC134 11 C 10 75 6220
T™MC135 6 B 106 2
TMCI136 5 C 10 75 2710
TMC137 30 C 10 75 2060
T™MC138 14 C 8 150 2080
T™CI139 10 B 9 106 25
TMC140 9 B I 53 230
TMC14] 8 B I1 53 130
TMC142 13 C 7 212 5800
T™MC143 9 C 7 212 22400
TMC144 4 B 12 <53 250
TMC145 14 B 8 150 640
TMC146 12 C 11 53 3810
T™™C147 10 C 8 150 3430
T™CI148 14 C 10 75 5280
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ANALYTICAL RESULTS

VIAL#  Sample # Sieve  Sieve Size Aupph
95-TMC # microns FA+ AA
TMC149 30 C I 53 1640
TMCI150 5 C 8 150 1270
TMC151 6 C 12 <53 1020
TMC152 6 B 11 53 2
T™MC153 4 C 8 150 2490
TMC154 12 B 9 106 5
TMCI155 7 C 10 75 1990
TMC156 5 C 9 106 1520
TMCI157 12 C 12 <53 2590
TMC158 5 C 12 <53 1490
T™C159 16 B 7 212 2
TMCI160 5 C 11 53 2570
TMCI161 11 C 7 212 10000
TMC162 4 C 7 212 9890
TMC163 29 B 9 106 45
TMC164 6 C 10 75 4170
TMCI165 9 B 12 <53 125
TMCI166 14 C 7 212 8570
T™MC167 11 B 7 212 2
TMC168 5 B 7 212 2
TMC169 30 B 11 53 680
TMC170 2 C 8 150 7280
T™MC171 29 C 10 75 17000
T™C172 g C I1 53 20000
TMCI173 29 B 7 212 25
TMCI174 12 C 10 75 4880
TMC175 8 C 12 <53 31700
T™C176 1 C i1 53 5820
TMC177 14 B 10 75 25
TMC178 I C 10 75 1360
TMCI179 2 B 9 166 2
TMCI180 14 B 7 212 2
TMC181 5 B 12 <53 165
TMC182 12 B 8 150 755
TMC183 6 C I 53 1830
TMC184 8 C G 106 20900
TMC185 1 C I 53 2600
TMC186 5 B 9 106 660
TMCI187 5 C 7 212 2940
T™MCI188 8 B 8 150 10
TMC189 1 B 10 75 55
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ANALYTICAL RESULTS

VIAL#  Sample # Sieve  Sieve Size Au ppb
95-TMC # microns FA + AA

T™CI90 8 C 7 212 9140
T™CI91 11 C 12 <33 2330
T™C192 10 B 11 53 10
T™MC193 13 C 8 150 990
T™C194 6 C 7 212 17800
T™MCI193 7 C 9 106 2890
TMC196 1 B 8 150 25
TMC197 29 B 10 75 250
TMC193 sl <53 17600
TMC199 12 B 150 380
TMC200 9 B 10 75 515
TMC201 9 C 9 106 2180
T™MC202 30 C 9 106 2230
TMC203 29 C 12 <53 675
TMC204 13 B 9 106 30
TMC205 9 B 9 106 740
TMC206 4 C 11 53 5850
T™C207 1 C 7 212 2
T™MC208 13 C 11 53 1450
T™MC209 13 B 10 75 75
TMC210 29 B 11 53 10
T™MC211 6 B 8 150 25
TMC212 12 B 7 212 2
TMC213 7 B 9 106 10
TMC214 7 C 12 <53 930
TMC215 13 C 12 <53 555
TMC216 2 B 10 75 10
TMC217 8 C 10 75 21300
TMC218 1 C 8 150 625
TMC219 11 B 9 106 15
TMC220 5 C 12 <53 1320
TMC221 5 B 8 150 75
T™C222 8 B 12 <53 285
T™C223 il B 11 53 2
T™MC224 13 B 12 <53 165
TMC225 10 B 12 <53 125
TMC226 7 B 12 <53 240
TMC227 s2 <53 1730
TMC228 10 C 7 212 14000
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RESULTS OF LABORATORY ANALYSIS OF DUPLICATES

VIAL# | Sample # Sieve | Sieve Size |Au ppb

96-TMC # microns |FA + AA Ordinal {Duplicate |Mean |Deviation

TMC49 1 C 7 212 5360 170 1 2680 5360
TMC207 1 C 7 212 0 169 1
TMC72 2 B 7 212 ¢] 186 2 4] 0
TMC105 2 B 7 212 G 185 2
TMCg89 4 B 8 150 95 187 3 220 250
TMC133 4 B | 8 150 345 188 3
TMC108 4 C 7 212 10800 196 4 10395 1010
TMC162 4 C 7 212 9890 195 4
TMCEB0 4 C 9 106 91580 199 5 6765 4770
TMC107 4 C 9 106 4380 200 5
TMC106 5 o] 10 75 1000 197 8 1855 1710
TMC136 5 C 10 75 2710 198 6
TMC158 5 C 12 <53 1490 164 7 1405 170
TMC220 5 C 12 <53 1320 163 7
TMCE8 6 B 7 212 ¢ 175 8 0 0
TMC128 6 B 7 212 0] 176 8
TMC103 & B 8 150 165 177 9 95 140
TMC211 & B 8 150 25 178 9
TMC87 7 B 9 106 180 183 10 100 180
TMC213 7 B 9 106 10 184 10
TMC113 7 C 7 212 3920 171 11 11660 15480
TMC125 7 C 7 212 19400 172 11
TMC101 10 B 8 150 25 180 12 47.5 45
TMC114 10 B 8 150 70 179 12
TMC59 10 C 7 212 51400 189 13 32700 37400
TMC228 10 C 7 212 14000 190 13
TMCO7 10 C 8 160 1720 191 14 2575 1710
TMC147 10 C 3] 150 3430 192 14
TMC85 11 C 2] 106 8180 168 15 8115 150
TMC100 11 C 9 106 8040 167 15
TMC182 12 B 8 180 755 182 18 567.5 375
TMC189 12 B 8 150 380 181 16
TMC110 13 C 7 212 760 166 17 3280 5040
TMC142 13 c 7 212 5800 165 17
TMCB3 13 C 12 <53 515 162 18 535 40
TMC215 13 C 12 <53 555 161 18
TMC87 14 C 8 150 5390 173 19 3735 3310
TMC138 14 C 8 150 2080 174 19
TMCE2 29 C 10 75 14200 193 20 15600 2800
TMC171 28 C it 10 75 17000 194 20
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APPENDIX H




APPENDIX H - LONG-TOM CONCENTRATION OF GOLD

A long-tom is a scaled down version of a sluice, which has been used by miners in North
America for over a century to recover gold and other precious minerals. The principle behind the

sluice is that heavy minerals will be trapped in the riffles and matting of the run, while less dense

minerals will be washed through. The percentage of gold which a long-tom or sluice can recover
is an important factor in determining whether mining can be successful. It is also important in
determining whether processing through a long-tom is an effective tool for producing a heavy

mineral (gold) concentrate for use in sedimentological studies.

LONG-TOM (SLUICE) SETUP

A sluice consists of a metal or wood trough with matting on the bottom which is covered by
metal riffles or expanded metal. There are many types of sluices and long-toms, however, the
principle variables in any sluice system which have and effect upon gold recovery are:

1. Dimensions of sluice run: length, width, height of sides

2. Type of matting used to catch concentrate: principle types are Cocoanut matting and

rubber matting (primarily 3M Nomad matting)

3. Type of riffles or expanded metal: weight, orientation, position sitting.
4. Screen or grading device to restrict grain size passing through sluice

5. Volume of water used

6. Method used to clean long-tom

7. Slope (influences velocity of water and sediments transported)

8. Water/ Solids ratio
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Refer to section 3 for figures showing the long-tom configuration used in this sampling program.
The run, which was eight feet long and 1 ft wide and had 6 inch high sides, was placed on a
1{vertical) to 2 (horizontal) slope. The run was lined with 8 127X 12" pieces of unbacked, green,
1/4 inch thick, 3M (nomad) matting. Four pieces of light-weight expanded metal were placed
over the matting. The expanded metal was held tight to the matting by wooden 1x2’s placed
along the sides of the sluice run and forced down by wooden wedges under metal plates welded

onto the side of the sluice run.

Boulders, cobbles and large pebbles have been found to create turbulence and plug up sluice
runs and decrease the effectiveness in recovering gold particles. To prevent the build up of large
materials in the sluice run, a screen was used at the top of the long-tom to manually remove
larger materials. The metal screen had approximately 1°X 2” mesh, was 36 inch long, by 24 inch
wide and was laid on a moderate incline. When a sample was poured out of the buckets over the
screen, rock could be selectively removed. Any rocks which became logged in the sltuice during

processing were removed by hand.

The amount of water used to wash the sample in this program was regulated by valves at a 2”
four horse-power Honda pump and was kept as constant as the equipment and operators could
manage. Two 1/2 inch garden hoses were used to wash the material through the screen at the top
of the sluice. Material then passed into a smaller dump box of the sluice run where a spray bar
further washed the material and held back excess material to prevent surges. The amount of
water in the sluice run must be sufficient to create adequate vortices over the expanded metal (or
riffies) and to prevent concentrated slurries of sediments from passing over the expanded metal.
Slurries are similar to debris flows, and prevent heavy minerals from becoming trapped in the

expanded metal and matting,.
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Once a sample was completely sluiced, the entire contents of the sluice concentrate were
washed into a 24 inch by 12 inch aluminum bin placed under the end of the sluice. This

concentrate was then bagged and saved for later processing.

LONG-TOM RECOVERY

There are many potential reasons why gold may be lost during sluicing, including:
-the floatation of gold particles due to the hydrophobicity of gold
-the large surface area of gold to weight and high turbidity in sluice run preventing flakes
of gold from being trapped in the matting and riffles of the long-tom.
-gold trapped in clays adhering to cobbles which are not adequately washed in the
sluicing process

- large cobbles, pebbles and angular rocks which knock gold out of the riffles

In Figures H.1A and H.1B the total concentration of gold for each size fraction has been plotted
against the percentage of gold in that size fraction recovered in the long-tom. Simple linear
regression was used to fit the data. There is insufficient data to determine if statistically
significant trends are present or to fit to more complex models. From these plots the following

preliminary, but inconclusive, observations can be made:

1. The percentage of gold recovered by the long-tom increases with increasing gold grain size

and is erratic for all size fractions less than 212 microns. Table H.1 shows the average and

median recoveries of gold for each size fraction.
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Figure H.2A: Graphs of Total Concentration in Sample Versus Percentage of Gold Recovered
in the Long Tom for Different Size Fractions. Note the change in concentration scale, Lines
represent linear regression lines. Insufficient data is available for statistical analysis.
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Figure H.2B: Graphs of Total Concentration in Sample Versus Percentage of Gold Recovered
in the Long Tom for Different Size Fractions. Note the change in concentration scale. Lines
represent linear regression lines. Insufficient data is available for statistical analysis.
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2. The percentage of gold recovered by the long-tom decreases with increasing concentration of

gold in the respective size fractions of the total sample. Exceptions are:

» The 212-425 um size for which the percentage recovery of gold remain relatively constant at
an average value of 99 %.

e The <53 um size fraction, for which recovery appears to increase slightly with increasing
concentration; however, the regression line, seen in Figure H.1B (¢), shows that this increase
is based on two samples only. The other samples have considerably lower percentages of
gold recovery and thus this increase is likely due to the erratic nature of the <53 micron
sample and does not actually represent and increase in recovery with increasing
concentration.

* Plots of recovery versus volume of sample were erratic and showed no obvious changes in
recovery with changing volume of sample. Sample sizes were all within 130-185 kilograms
and thus there may not be enough range to determine any potential relationships between
volume. As a larger sample would also take longer to sluice there is also no obvious
relationship between amount of time to process sample.

» No relationship between total gold in the sample and recovery for various size fractions is

evident.

IMPLICATIONS

A principle concern in any mining operation is the efficiency of the gold recovery system. If
losses are significant, the economic implications are equally significant and in terms of the dollar

value, a small percentage of gold lost can mean a great monetary loss. An operating mine should
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Using a pre-concentration method, such as the long-tom also has limitations. With this method
we must account for the gold which is lost from the long-tom and ends up in the tailings in order
to reconstruct the total gold concentration and grain size distribution in the deposit. Considerably
higher expense for geochemical analysis and lab preparation of samples is incurred. Also, the
variance due to sampling and analysis for the catch-tub and long-tom samples must be added to
determine representative error bounds around the calculated gold concentrations. Table H.2
shows the number of particles in the long tom and the catch tub. Error arises from many sources
including: sampling the tailings, lab preparation, geochemical analysis, and gold concentrations.
Also, the gold which escapes the long-tom tends to be the “flaky™ gold, while more spherical and
rod shaped particles are trapped. This leads to errors in assumptions that must be made about the
shape of particles and the average diameter of particles. For this study, it was assumed that
particles in both the catch tub and long-tom concentrate could be approximated by a disc shaped
particle (5 thickness : 1 diameter) with a diameter which equaled the logarithmic average of the
bounding grain size. This is likely not a valid assumption since particles which escape the long-

tom into the catch-tub tend to be a different shape from those which are caught by the {ong-tom.

In summary, while the use of the long-tom is effective as preconcentration method, the user
should be aware of the limitations and potential errors which may arise from any mechanical
processing method. The effects of these errors should be considered and , if possible, quantified,

when reconstructing gold concentrations in the original sample.
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