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Abstract

This project was initiated in 1590 due to the perceived in-
crease in demand for specialty silica rasources. The
results of this investigation and subsequent metallurgical
studies funded by the Canada Cantre for Mineral and
Energy Technology (CANMET) under the Canada-
Saskatchewan Partnership Agreement for Mineral
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Development (MDA) have shown the Mannville and Win-
nipeg formation silica sands to be of high purity and a
very significant resource commaodity with excellent poten-
tial for benificiation to meet requirements of "high tech"
and specialty silica applications.

it
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Introduction

As an industrial mineral, silica is one of the more impor-
tant inorganic commodities. It is a ubiguitous com-
pound that is a major component of many common
rock types and, in fact, makes up about 60 percent by
weight of the earth’'s crust (Coyle, 1969). Silica is com-
posed of the binary compound of silicon and oxygen
with quartz being its most common naturally ocecurring
mineral form. Unconsolidated quartz sands, quartz
sandstones, and their metamorphic equivalent,
quartzites are by far the most abundant commercial
sources of silica. Less significart volumes of silica, with
very high degrees of purity, are also produced from
some pegmatites, but the development of such resour-
ces generally requires abundant, low-cost labour.

Historically, silica has been an essential material to
humanity. As human technical skills developed, is
natural abundance resulted in the development of a con-
siderable number of uses. Silica was probably first used
for the making of knives, scrapers, spear, and arrow
heads, and as a flint, for starting fires. Early civilizations
extonded its uses to making glass, which is still the
largest end uss product.

Consumption of silica has now increased to over 29 mil-
lion tons per year in North America alone. Most of
today’s silica consumption is for the making of bricks,
cement, ceramics, ferrosilicon, and glass. However, its
uses have extended into thousands of products includ-
ing some major high tech applications such as semi-
conductors, catalysts, desiccants, piezoslectrics, optical
fibres, ete.

Applications and Products of Silica

The principal uses and primary products of silica can be
grouped into threa main categories:

i) high-volume, low-value uses in which silica is a
major portion of the product,

i) high-volume, value-added forms that typically have
been mechanically ground for use as a product
body (e.g. porcelain} or filler to function as an ex-
tender, and/or to modify the properties of a product,
and

iii) as alow-volume, high-value specialty product that
has been chemically or physically processed to
produce a material with substantially diffsrent proper-
ties.

The general specifications (e.g. grain size and purity) for
different silica applications vary significantly depending
on the particular processing methods used (Table 1). Ex-
cept for very low-value applications, a relatively pure
silica product is normally required. In many instances

the grades or specifications of a silica product are ar-
bitrarily defined relative to the products of existing large-
volume producsrs.
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Until recently, silica sands were excluded from the
production of silicon and ferrosilicon because a coarse
grain size was required for their production. Agglomera-
tion methods for silica sands and new processing techni-
ques are being developed and tested that may facilitate
their use in these major commadity categories.

Glass recycling is reducing the demand for silica used
in container glass production but should not affect the
demand for optical and colourless glass production,
which have rigid specifications. This loss has been
offset by an increasing demand for silica sand in the
production of: (a) fused quartz, ferrosilicon, and silicon
carbide; {b) silica fillers and extenders (Tabies 2 and 3);
and particularly (c) speciality or processed forms whera
the uses are especially diverse (Table 4).

Overview of Silica Specifications and Ap-
plications by Use

Glass

Amongst the high-volume silica uses, the specifications
for flat, colourless, domestic, and optical glass produc-
tion are the most rigid (Table 1). For example, tha grain
size of the silica used is tightly controlled, and im-
purities, such as iron, chrome, and boron that can
produce strong colouring effects, are particularly
detrimental. The absence of coarse refractory minerals
that can cause nucleation or visual defects is essential,

Foundry Sands

Silica sands classified as foundry sands are not neces-
sarily of high purity, but must meet specific physical
properties subject to their intended uses as moulding,
core, blasting, or abrasive sands.

Moulding and core sands are used in foundries where
resistance to high temperatures is necessary. Ap-
proximately 7.9 million tonnes averaging U.S.$8.50 per
tonne are reported to have been used in the United
States in 1980 (Tepordei, 1980). Sands used to form the
core of castings are treated chemically or baked and
mixed with resins or oils. These sands generally have a
low clay content {<0.5 percent), but can contain up to
24 percent. Nevada sand has an AFS Fineness of 57
with 98 percent being coarser than 140 mesh, (U.S.
series) and 92 percent finer than 40 mesh. Qther impor-
tant sands include medium-grained, washed, Eastern
Silica Sand and Lake Sand grades that have an AFS
Fineness of 53 and 55 respectively (Wilborg and Hender-
son, 1983). Medium-grade Eastern Sands are 98 per-
cant silica and have a fusion point above 1682°C.

Blasting and abrasive silica sands are not normally
specified by purity, but must have closely sized angular
grains that are not readily broken. Other more abrasion-
resistant, natural and synthetically produced minerals, in-
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Table 2 - Major non-filler uses and specifications for ground silica (from Guillet and

Kreins, 1984).

Appiications Function

Ceramics Finely ground silica is a
major ingredient in many
caramic prodicts such as
sanitary ware, dinnerware,

and electrical porcslain.

Fine silica is used in the
manufacture of reinforcing
and textile fiberglass in

which it is a major

constituent of the giass batch,

Glass

Bricks Finely ground silica is used in
the manufacture of silica-lime

brick.

Fine siiica is used in the
manufacturing of autociaved
concrete block.

Concrate Block

White Cement Fine silica is used in the

manufacture of white cement. purity.
cluding gamet, staurclite, and alumina, have substantial-
ly repiaced silica for the large volume, low-value uses in
blasting and abrasive sands.

Packing and Fracturing Sands

Sands with a high sphericity are required for packing
and hydraulic fracturing sands to optimize groundwater
and petroleum well production. Packing sands are usaed
in groundwater wells to fill the space between the well
wall and screen. The sand supports the well wall, offers
maximum linear flow rates and enables the use of
smaller sized, less expensive screens while maintaining
the same well production capacity.

Fracturing sands are injected into petroleum-bearing for-
mations as a hydraulic fracturing and propping agent.
The grain size is closely controlled, and the required
grain compressive strength increases with the depth of
the producing formation. Grain size requirements are
subject to the amount to which the sedimentary beds
can be separated.
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General Specifications

Grades from 200 to 400
mash. High purity, low
iron, white firing.

325 mesh grade, Low in iron
and alkalies.

200 mesh silica. Low purity
is adequate,

100 to 200 mesh silica of
low purity.

200 mesh product. Medium

Silica Brick

Silica is used in the production of
refractory bricks. Other refractory
minerals have in large part
replaced the use of silica bricks in
the steelmaking industry, but silica
bricks continue to be used in coke
ovens, ceramic kilns, and glass
tanks. There also appears to be a
renewed interest by the stesimak-
ing industry in using silica as a
cheacker in blast furnaces. The
selection of silica used in these
bricka is based upon purity and
burning characteristics that might
affect brick strength (>3 MPa {500
psi) average modulus).

Decorative Applications

Applications of silica for decorative
purposas are based upon its bright-
ness, low cost, and chemical resis-
tance. it has some use in stuccos,
roof tiles, and aggregate, but the
largest volumes are probably used
for golf course sand traps. In all
cases, brightness and coarseness
are critical characteristics. Non-
oxidizing contaminants such as
rutile, garnets, corundum, ilmenite,
and chromite are normally
tolerated, but the presence of
minerais such as magnstite,
hematite, and limonite that may
colour the silica upon weathering
are especiaily detrimental for es-
thetic purposes.

Silica Flux

Fluxes are used in the smelting industry to: i) facilitate
the fusing of ores; ii) reduce the density of the slag to
improve the separation of metal from it; iii) remove un-
desirable contaminants that might otherwise combine
with the metal being purified; and iv) enhance the
fluidity and manipulative properties of melts, espscially
slags.

Silica is one of the most common and inexpensive
fluxes used by the smelting industry. It is normally
mined from highly siliceous shear zones or quartzite
deposits in close proximity to the smelters using it,
Provided that no detrimental compounds are present,
very high purity is not generally a critical selection
criterion. A silica content as low as 90 percent can He ac-
ceptable but the presence of alumina is considered un-
desirable. If the silica flux contains metal(s) in a com-
patible mineralogy with the ore, it is. considered to have
a 'sweetener’ and a premium is frequently paid on this
basis.



Tabia 3 - Major filler uses and specifications for silica (from Guillet and Krlens, 1984).

Applications

Paint

Function

Silica is used in paints to provide scrub-

ability and film toughness. In exterior

paints, it provides good weathering properties. Used
in block fillers, porch and floor enamels,

General Specifications

Grades ranging frorm 325 mesh to 10
microns ars used. Some cryptocrystalline
grades of silica have very fine sizes

with low average particle size. Ground

and trafflc paints.

Plastics
Silica provides excellent dielectric
properties, compression, and flexural

strength. It is used in potting compounds

madle from epoxy or polyester resins.

Putty, Caulks,
and Sealants
User in electrical applications, silica

Silica is used in different polymer systems,

Finely ground silica is used in spoxy based
sealants and silicone cauiking compounds.

crystalline silica usually has a higher
average particle size. High brightness
and low oil absorption is essential.

Natural or cryptocrystalline grades of
sillca are used in plastics. Some grades
are surface coated, or treated with
coupling agents to aid dispersion, and
improve bonding properties with polymers.
High brightness grades of 325 mesh to §
microns are used.

Fine grades of 10 to 30 microns particle
size are uged in this application. High
brightness is required.

provides good dislectric properties and has

low binder demand allowing high loading

iaveis,

Rubber Finety ground silica is used in silicone

rubbers as an axtender pigment.

Adhesives Finely ground silica is used in the

compounding of vinyl adhesives.

Wood Fillers Finsly ground silica is used in paste

wood fillers,

Ground Silica

Mechanically crushed or ground silica is used extensive-
ly in a number of non-filler and filler industries (Tables 2
and 3). The specifications for ground-silica sand varies
with its application. Most of the consumption of low-
purity ground silica is in the production of fiberglass,
ceramics, brick, concrete, and cement.

Non-filler ground silica products are used to dilute a
product, or to modify its cost, chemical and abrasion
resistance, flow characteristics, fire resistance, density,
electrical and thermal conductivity, colour, brightness,
opacity, hardness, brittleness, strength, surface texture,
processing problems, thermal expansion, etc. The
ceramics industry (non-filler) uses ground silica in the
production of sanitary ware, electrical porcelain,
whiteware bodies, whiteware glazes, and enamels. In
the manufacturing of these products, the sifica is fused
with other minerals to form a new material of particular
characteristics. In most cases the silica used in ceramics
must contain 97 to 98 percent SiQz and in most cases

Fine-grained {30 to 10 micron} products
ars usad. High brightness is important.

Fine ground 40 to 10 micron grades.

Grades from 30 to 5§ microns.

must have a maximum grain size of less than 200 to
400 mesh. In some cases, such as for whiteware and
enamels, the absence of iron, chrome, nickel, copper,
and other metals, which might produce colourations
when fused, is especially important. The chemical purity
and grain size range specifications for other non-filler,
ground silica applications are generally not as tightly
constrained.

Extender and filler uses tend to be more specialized
and generally necessitate finer grain size, higher purity,
and brightness than do the non-filler applications.

Silicon Carbide

Silicon carhide is a synthetic abrasive made in resis-
tance-type electric furnaces with giass-grade silica sands
(99.5 percent Si0O2) and pure carben, Iron and
aluminum are considered objecticnable contaminants in
this process as they tend to cause graphitization of the
carben and reduction of the silica to metallic silicon.

Saskatchewan Energy and Mines



Table 4 - Principal applications and function of speciaifty sificas (from Harris et al., 1987). production, but it is not expected

to have any major impact on the
uge of these sands in the near fu-

1
Silica Type Applications Function $/lb ture.
Colloidai silica Fibrous ceramics, investiment  High temperature 1.68 Sodium Silicate
casting, and wafer palishing binder, abrasive Sodium silicate is one of the fun-
damental alkalis of the chemical in-
dustry. Most of the high-value
Fumed silica Silicons rubber, unsaturated Reinforcement and 227 specialtg s:i:g%a: Iistecri\ in Table 4 4
yester, ; thixotre are produ om this compound.
pot “ f, and specialty xouepy Although specialty silicas constitute
coatings only 1 percent by weight of the
total North American sifica produc-
tion, they comprise 43 percent of
Fused silica Epoxy sncapsulating Electrical and 0.40 its value (Harris of al., 1987). High-
compounds thermai properties purity silica sand is fused na
po glass furnace with an alkali, typical-
ly soda ash (NazCOj3); however,
sodium sulphate {(NaxS04), with
High purity Semiconductors, precision High purity silica 0.67 carbon as a reducing agent, can
quartz optics, and fiber optics source also be used.
The required purity of the silica
sand is largely controlled by the
Pracipitated Rubber, food, healthcars, Physicat proper- 0.50 final product to be made. In some
silica battery, separators, pesti- ties cases only a few parts per million
cides, and catalysts of total contaminants can be
i tolerated, but in most instances
>99 percent S5i02, <0.25 parcent
AlQ3, <0.03 percant Fex03, and
Silica gel Food, healthcare, and Physical proper- 1.04 <0-95£0f§6|ﬂtht90 2nd Ca0 ar:
required. Sulphates, borates, an
Industrial castings ties and flatting chlorides can also be serious con-
taminants if the soda ash method
is used. Grain size specifications
Note: are generally similar to those for

1) Average price paid for all end usea in 1986 f.0.b. supplier.

Statistics for the production of synthetic abrasives in
North America from 1975 to 1981, show that the produc-
tion of silicon carbide has fallen sevarely since 1979,
presumably due to the increased use of other abrasives.
However, for reasons unknown to the author, its value
has risen significantly {87 percent from 1975 to 1981

and over 17 percent from 1980 to 1981 alone).

Ferrasilicon

Metal alloys containing 6 to 95 percent silicon are exten-
sively used in the iron and steal industry for alloying,
deoxidizing, melt inoculation, and chemically reducing
other alloying agents that would otherwise be trapped in
the siag. Ferrosilicon with less than 15 percent silicon is
produced in blast furnaces while all other production oc-
curs in submerged-arc electric reduction furnaces. Non-
friable lump silica (>2.54 cm diameter) with 98 percent
silica, 0.15 to 0.40 percent Al2O3, 0.1 to 0.2 percent
Fe203, <0.2 percent magnesia and lime, as well as very
low boron, arsenic, sulphur, and phosphorus contents
are normaily specified. Some successful results have
been achieved in the use of silica sands in ferrosilicon
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glass production.

Silica Consumption

The majority of silica production in Canada is situated in
proximity to major, local markets in Ontario and
Quebec. Approximately 32 percent of Canadian produc-
tion is used in the manufacturing of glass and

fiberglass, and 25 percent is used as a smelter flux (Coli-
ings and Andrews, 1989). Investigations by Hamilton
{1986) suggest that in western Canada larger propor-
tions of silica production are used as smelter flux and
for glass and fiberglass production.

Data on North American production, value, and con-
sumption of silica by application are unavailable, but
reponts by Harris et al. (1987) indicate that, in terms of
price, the various speciality silica products constitute the
most important markets for high purity silica. This is
especially valid for any deposits remote from potential
major markets. The North American specialty silica in-
dustry is considered to have an excellent economic
potential, even though it is a mature industry suffering
from overcapacity in some areas and from rising costs.
Of all the speciaity silica uses the electronics, optical,
electro-optics, and plastics sectors were projected by



Harris ot al. {1987) to have the highest average annual
growth (Figure 1).

Although silica is one of the most commonly oceurring
industrial minerals, sconomically exploitable deposits
are rare. As with other industrial minerals, economically
mineable sifica deposits must be favourably located
either in close proximity to major consumers in an area
not adversely affected by cultural conditions or require-
rments, or of sufficient purity to meet the demanding re-
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quirements of specialty users, Remote silica depaosits of
unusual purity or amenabie to simple metallurgical
processing could be economical if their product value
and low cost of processing offset the difference in
transport costs of more favorably located deposita. Con-
sequently, the Saskatchewan silica sand depcaits were
investigated principally for their potential application in
high-value, specialty silica products.
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Figurs 1- Forecasted average annual growth for speciaiity silicas by end use, 1986 o 19971 (from Harris ot al., 1987).
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Silica Occurrences of Saskatchewan

Quartz-rich pegrnatite veins and/for quartzites of suffi-
cient purity and economic accessibility are not known to
exist in the province. This study is therefore restricted to
the relatively abundant silica sand deposits that occur in
the sedimantary basin of Saskatchewan.

Silica-rich, feldspar-deficient sedimentary deposits occur
in four stratigraphic units: a} the Early Ordovician Win-
nipeg Formation; b) the basal section of the Early
Cretaceous Mannville Group; c) the Late Cretaceous
kaoclinized Whitemud Formation; and d) the Late Tertiary
Cypress Hills Formation.

Only the Whitemud Formation has not been investigated
as a potential silica source. The Cypress Hills Formation
is unigue among these in that it is a quartzite con-
glomerate rather than a sand. Guliov (1975) had inves-
tigated it as a potential source of lump silica for use in
ferrosilicon production.

Babey (1955}, Collings (1953), and Pearson (1961) sug-
gest that early Cretaceous sands of the basal Mannvitle
Group constitute an important and relatively pure silica
resource suitable for glass production or as foundry
sands. Similar indications of the purity of the silica
sands in the Winnipeg Formation are reported by

Open File Report 93-2

Kupsch (1952), Chernoff (1955), and Waters (1977,
1978a and b). These sediments are exposed in several
areas of the northern part of the Phanerozoic Basin of
Saskatchewan,

This investigation and the subsequent Canada Centre
for Mineral and Energy Technology (CANMET) funded
market and metallurgical studies by |.M.D. Laboratories
Ltd. {1992a and b, 1993) were initiated primarily in
responge to the perceived growing demand for in-
dustrial silica of higher grades, suitable for products
such as silicon metal. The worlt is of a preliminary na-
ture and only covers the larger outcrops of Early
Cretaceous silica sand deposits along the Red Deer
River east of the town of Hudson Bay and along the
Nipekamew River, and the Qrdovician Winnipeg Forma-
tion sands in the Hanson Lake area. Other occurrences
of these sands, not investigated in the current study, in-
clude those of the Mannville Group outcropping on the
Carrot River (Beck, 1974}, on the Bow River (Hudson,
1961), on the south shore of Wapawekka Lake (Pear-
son, 1961), and at Beauval (Pearson, 1963). It is
believed that other outcrops or shallow subcrops of
Mannville Group silica sands exist in other parts of
central Saskatchewan (Figure 2).
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Analytical Procedures

Sample Preparation

All samples were collected by trenching and averaged
about 35 kg in weight. Many samples contained lumps
of fine silt and clay as well as limonitic cemented
nodules. Each sample was air-dried to facilitate sample
blending and to minimize oxidation of any sulphides
present. Any nodules and lumps present in the samples
were broken up with plastic and wooden tools prior to
homogsenizing. Approximately 500 g of each sample
was analysed for contaminants such as iron, alumina,
titanium, etc. which are undesirable in the production of
silicon metal and glass. The procedures were selected
80 that the analytical vatues obtained would represent
the grades for a realistically feasibla mining interval of a
commercial operation that uses a single-stage, wet-
screening process.

Granulometric and Chemical Analysis
Procedures

Introduction

Analyses were conducted on portions of homogenized
bulk sand samples from specific stratigraphic units.

The analytical procedurses included the following:

1. sample preparation and grain size analyses of aii
samples,

2. chemical analysis of each size fraction constituting
5 percent or more of the ariginal sample to deter-
mine the contaminant elements, and

3. silica content analysis to test the validity of using a

silica content by “difference” model applied to the
totai of the contaminant elements measured.

Sample Preparation and Grain Size
Analysis

The prime objectives of these procedures were to:
1. quantify contaminants by chemical analysis, and

2. dstermine the grain sizes in which the most sig-
nificant quantities of contaminants occurred,

As a resuit, the sample preparaticn procedure mini-
mized the use of metallic instruments for sieving, fractur-
ing of coarse sand grains, and washing,

Pretreatment

Each sample was accurately weighed after drying at
105°C.

Open File Report 93-3

The entire sample was then soaked in distilled water for
at least 12 hours prior to the grain size analysis to
prarmote “wetting" of the silica/sllicate grains. This as-
sisted in dislodging the finer alumina-bearing particles
during the wet screening process. An industrial screen-
ing operation would likely employ attrition scrubbing to
remove more of the organic and alumina-bearing par-
ticles than was possible in the laboratory procedure.

Wet Screening

Each sample was passed through a dedicated set of 5,
10, 18, 35, 60, 120, and 200 U.S. Bureau of Mines stand-
ard size screens. The screens consisted of nylon

{Nytax) bolt cloth set in plastic containers. The cloth was
cut larger than required so that larger quantities of
screaned fractions were handled with minimum sample
loss. Starting with the coarsest screen at the top of the
set, the sample was washed generously with jets of dis-
tilled water and a nylon bristle brush. Large quantities of
water were accumulated along with the minus 200 mesh
fraction. After each fraction was screened, the dis-
charged water was examined for fines. The subsequent
stage was then processed in the same manner. Each
screen with its contents was placed in a drying oven
overnight. The wash water and minus 200 mesh portion
were accumulated in large vessels and evaporated to
dryness.

Each fraction was dried, weighed, and stored in kraft en-
veiopes, To avoid contamination, no further sample
preparation was carried out. The weight of the minus
200 mesh fraction was calculated by difference. The
data are reported both as weight of individual fractions
and percent weight of the tatal sample.

Chemical Analysis

All the fractions were analyzed for the following ele-
ments {contaminants) by the indicated techniques:
ICP Analysis for: Al, Ba, Ca, Cr, Cu, Fe, K, Mg,
Mn, Na, Ni, P, Ti, and Zr
Fusion, DCP and

LECO analysis for:
Gravimetric Analysis for:

B, C {Organic), S, and LOI
Si02

In order to analyze the larger-sized particles and at the
same time maintain a representative aliquat quantity
from each fraction, larger aliquots were taken. Weights
and volumes of the aliquots used are shown in Table 5.

Each of these aliquots was placed in a Teflon beaker
and digested in HF/HCIC4/HNO3 and then evaporated
to dryness. Further digestion and evaparation were car-
ried out after inspection of the residue to assure that the
digestion was complete. The residue was dissolved in
10 percent HC| and brought up to final volume. The
solution was then aspirated into an Inductively Coupled
Argon Plasma (ICP) where the spectral intensities of the
analysed species were compared to spectral intensities



Tabie 5 - Aliquot weights for size fractions subjected o ICP
analysis.

Waight of Volume of
Size Fraction Aliquot (g) Solution (ml)
+5 28 25
510 10 25 25
10 to 18 25 25
18to 35 2.5 25
35t0 60 2.5 25
60 to 100 25 : 25
100 to 200 25 100
minus 200 25 250

of matrix-matched calibration standards. The concentra-
tions of the elements (contaminants) wers caiculated by
computer reduction.

Analyses for boron (B), sulphur (S), organic carbon (C},
and loss on ignition {LOI) were carried out as shown in
Table 6.

Only a selected suite of scraened fractions were
analyzed for SiOz2. The method, based on the Missouri
or Bidtel technique of gravimetric determination of silica
and silicates, is as follows:

1. An aliquot of the sample was weighed into a
platinum crucible,

2. Sulphuric acid was added to the sample and
evaporated to dryness to oxidize any alkali and base
metal elements present.

3. The sample residue was ignited and then cooled in
a desiccator. The crucible was then weighed to con-
stant weight.

4, Hydrofluoric and sulphuric acids were added
together to the residue to digest the silica. The
silicon tetrafluoride produced along with excess HF
are volatile and evaporate readily whereas the less
volatile sulphuric acid was evaporated to dryness by
increasing the temperature.

5. The crucible was heated to 1000°C, cooled in a
desiccator, and weighed again to constant weight.

6. The silica content was computed from the difference
in weight from the original weight of the aliquot.
Processing of Analytical Results

All cation contaminants detected were converted to
simple oxides except for: zirconium which was calcu-

Table 6 - Analytical methods used for specific elaments.

Element Mathod
B Fusion followed by Direct Coupled Plasma
(CCP} analysis
S LECO-Sulphur Dioxide Mode-Standard Technique
Org. C LECO-Carbon Dioxide Mode
LOI Fumace-weight loss at 1000°C
10

lated as being tied up in zircon (ZrSi0q); iron as limonite
(FeO[OH]); and aluminum as kaolin {Aly[SisO10](OH)a)
which was the most abundant cementing material
present. Al2Q3 and Fez03 were also calculated for refer-
ence to industry standards. The raw silica content was
calculated as the difference in weight percentage of all
contaminants calculated as oxides {excluding Alz0a and
Fez03) plus loss on ignition {LOI). Compensations were
made for natural substitution of sulphur for oxygen with
elements such as copper, nickel, or chrome, The dry
silica content includes corrections for the presence of
free water and carbon (LOI) to estimate the sand's kiln-
dried silica content. All eiements not detected (i.e. below
detection limits) were assumed absent. Comparison of
the calculated and gravimetric silica contents show that
the calculated dry values very closely approximate the
actual silica content. All calculated silica values were
less than the analytically derived values. The method of
calculating the silica content indicates the silica content
is present as quartz and does not include any silicon
present in contaminants which the analytical method
does. The calculated method alsc does not compen-
sate for any incomplete kaolinization of any feldspar
grains present.

Heavy Mineral Separation and Analysis

The complete sections of the silica sand outcrops were
tested for their heavy mineral content to identify major
contaminants that might be readily separated. The silica
sand was screened to minus 10 mesh to remave very
coarse fractions that could not be processed with the
shaker table and magstream separator.

The minus 10 mesh fractions were passed over a
shaker table to acquire a preliminary heavy mineral con-
centrate from which all magnetic material was then
removed. The non-magnetic concentrates were then put
through a magstream separator (95 percent efficient) to
collect all grains with a specific gravity (S.G.} greater
than 3.0. The magstream reject material was then
passed through tetrabromoethane (S.G. 2.9) to recover
any other heavy minerals that might be present. This
procedure was found ta be relatively efficient but did not
recover trace amounts of micas which ‘floated off
during the shaker tabling. The recovered heavy minerals
were separated into the same sieve fractions that were
used for the granulometric and chemical analyses.
These fractions wera then analysed by proportional
analysis of binary backscatter electron imagery to deter-
mine the relative proportions of the common heavy
minerals present,

Filler Application Tests

A preliminary test of the minus 40 mesh fraction of
wasta material from the Red Deer Silica Inc. plant was
submitted to CANMET for analysis of the optical proper-
ties as they relate to filler applications. Tests conducted
by CANMET used a Data Colour Elrelripho 2000
Spectro-photometer and chemically precipitated mag-
nesium oxide as a reference standard.
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A S00 g sample of crushed minus 200 mesh fraction
was used. Three sub-samples were prepared from this
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material: a raw fraction, a deslimed fraction, and a des-
limed and magnetically separated fraction.

11



Silica Sands Of The Mannville Group: Hudson Bay Area

Location

Outcrops of white silica sand occur along the south
bank of the Red Deer River in sections 15, 21, and 22,
township 48, range 31, west of the first meridian. They
are approximately 16 km north of the railway that ser-
vices tha town of Hudson Bay, located 40 km to the
east. Access from Hudson Bay is by paved Highway 3
for 42 kam eastward and 21 km northward on a gravel
road into the Red Deer Silica In¢. quarry site. The area
(Figure 2) is characterized by flat to gently rolling topog-
raphy, forested with jackpine, and locally mantied by
muskeg in low areas. The Red Deer River, flowing north-
easterly, has steep banks that cut deeply into the silica
sands.

Geologic Setting

The silica sand outcropping in this area is a well-sorted,
fine-to coarse-grained marine beach sand, attributed to
the Lower Cretaceous Mannville Group. Locally they are
underiain by dolomitic imestones of the Middle
Devonian Souris River Formation and 1o the south they
are overlain by bentonites of the Joii Fou Formation.
The sands in the region are of varying thickness, Twelve
metres of section are exposed on the Red Deer River
but up to 18.8 m have been intersected by drilling in the
area. The DMR Armit well (NW8-32-44-30-W1), located
20 km to the south, intersected 18.6 m of Mannville
sand. The Saskatchewan Research Council (SRC) Smok-
ing Tent well (NW13-3-45-1-W2), located 25 km to the
southwest, intersected 46.9 m of the same formation.

Sands in the exposed section are moderately con-
solidated with a kaolinitic cement. They grade normally
from a coarse, cross-bedded sand at the base to a fine
sand with common cross-bedding marked by the
prasence of silt and clay. Besides kaolin cement, the
only visible accessory minerals found in the sand are
coal fragments, mica, and local subhorizontal limonitic
staining. The iron oxide stain is thought to be due to
present and paleo-transient vadose groundwater and in-
termittent groundwater zones. The stained zones are,
therefore, axpected to be most common near the
groundwater surface and in zones of coarse, permeable
sands beneath more organic and sulfide-rich, finer-
grained beds,

Previous Investigations

There are several reports describing the accurrence of
silica sands along the Red Deer River. Most notable of
these are by Worcester (1942), Babey (1955), Beck
(1974), Collings (1953), Collings and Andrews (1986,
1989), and Quirt (1990). They have documented, to vary-
ing degrees, the extent, vclume, grain size distribution,
and chemical purity of thess sands. In addition to its
present use as a decorative sand for goif course sand
traps, Murton (1946) has demonstrated its suitability for
use as a foundry and moulding sand (except for core
sand applications). Babey (1955) also reported similar
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rasults, and also auggested that these sands could be
used as core sands. Beer {1947), Babey (1955), and
Collings and Andrews (1986, 1989) reported that silica
sand from this area would be suitable for use in
manufacturing clear glass.

Investigations have been made by Red Deer Silica Inc.,
Northern Silica, Prairie Silica, Bruce Dunlop, and Hud-
son Bay Mining and Smelting Co. Ltd. who have heid
minersal leases for parts of this occurrence. Their studies
have included: drilling-off of reserves; granulometric,
chemical, and metallurgic analyses; and mine and mill
planning. Only Red Deer Silica Inc. presently holds
mineral leases in the area and is attempting to develop
the deposit. Collings and Andrews (1989) stated that the
Red Deer Silica Inc. deposit contains 14 million tonnes
of sand grading 97 to 99 percent Si0O2.

Although the results achiaved by earlier studies have
been extremely encouraging, none of them have indi-
cated the methods or degrees of accuracy of chemical
analyses. They have, neither analysed the sands for all
likely contaminants, nor indicated their vertical and
lateral variations. This study supplements the earlier in-
vestigations with information on heavy mineral content,
some filler application parameters, detailed chemistry,
and some of the physical characteristics of the exposed
sand sections.

Sampling Procedure

Samples were collected from the quarry face and a bluff
on the Red Deer River, 1.5 km west of the pit opera-
tions. Prior to sampling, the outcrop faces were scraped
clean to minimize the effects of leaching of kaclin ce-
ment, accumulation of dust, or preferential separation of
grain sizes. All samples were taken by channelling the
vertical face and were placed in 22 litre plastic con-
tainers. Where possible, cut glass and PVC sampling
tools were used to avoid contamination by iron, This
was unsuccessful due to the semi-consolidated nature
of the sand and the rapid abrasion of these tools.
Clean, unoxidized stesl shoveis were found to be the
only effective hand excavation tools.

Eight samples from the working pit (Lat. 52° 58.65',
Long. 101° 39.55") were collected over 1 m intervals
from the surface of the exposed silica sand to a depth
of 8 m, Six samples from the biuff (Lat. 52° 58.59',
Long. 101° 45.07") were collected over 2 m intervals ex-
tending from the till-sand contact, 4 m below the top of
the biuff, to the base of the exposed silica sands 16 m
below the biuff top.

Analytical Resuits

Granulometry

The sieving results (Figures 3 and 4) indicate that both
sections are well-sorted, fining upwards sequences. The
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sections match reasonably well stratigraphically on the
basis of their granulometric distribution; however, the
facies vary slightly based on differences in grain size dis-
tribution, Sands in the quarry section, especially at its
base, have a coarser grain size than the bluff section
and were likely deposited in a more active marine en-
vironment. The dramatic fining upwards transition of the
river biuff section at the 8 to 10 m interval is notewarthy.
A similar and probably contemporanecus, but much
leas pronounced, transition is present at the 3to 6 min-
terval of the quarry section.

Chemical

The abundance of mast contaminant elements in both
sections varies inveraely with grain size (Tables 7a, 7b,
8a, and 8b}. In most cases there is a direct quantitative
cormrelation between the clay fraction and the con-
taminant concentration (especially alumina and iron
oxides). This suggests that kaolin is bonding the con-
taminants to the quartz grains and/or that a significant
proportion of the contaminants are present as heavy
minerals. Except for the alumina, carbon, and iron oxide
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Figure 3 - Grain size distribution of the Mannville Group sands in the Red Deer Sllica inc. quany, Saskatchewan.

contents, the wet screened >200 mesh fraction of these
sands appears to meet the chemical specifications for
most intermediate and some high tech silica sand ap-
plications.

Heavy Mineral Content

A sample weighing 17.40 kg from the Red Deer River
outcrop was selected for processing. Of this, 0.05 kg
(0.287 percent) was coarser than 10 mesh and
eliminated from the processing procedure. The minus
10 mesh fractions were passed over a shaker table to
acquire a heavy mineral concentrate, from which all
magnetic material was then removed. A heavy mineral
total of 15.953 g (0.092 percent) was recovered of which
0.028 g were magnetic minerals. Virtually all of the non-
magnetic minerals recovered were from the 100 and
200 mesh fractions (47.5 percent and 48.7 percent

respectively).
The plus 100 mesh heavy mineral fraction contained

grains in the following proportions: rutile (56 percent),
garnat (25 percent), and staurclite (12 percent). The
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Figure 4 - Grain size distribution of the Mannvilie Group sands from a biutf section on the Red Deer River, Saskatchewan.

minus 100 mesh fraction contained zircon (51 percent)
and rutile (42 parcent) grains.

X-Ray Diffraction Results

Dr. Quirt of the SRC {pers. comm., 1991) has inter-
preted the results of X-ray diffraction analysis of two,
minus 200 mesh fractions (presented in Table 9) as in-
dicating that the samples are from in situ ‘Swan River
{Mannville Group) sediments and are not reworked
material. This is substantiated by the presence of car-
bonate in the samples which, if the sands had been
reworked, would probably have been dissolved. The
presence of fine-grained plagioclage feldspar suggests
that soms of the kaolin content is transported rather
than authigenic. If the kaolin was formed in situ, the less
stable plagioclase grains present in these samples
would also have been alterad. The intensely kaolinized
nature of the coarser feldspar grains, which could not
have undergone sedimentary transportation, and the ab-
sence of more stable potassium feldspar grains remains
difficult to explain. However, the possibility of the kaolin
or partially kaolinized feidspars having undergone
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sedimentary transportation implies the possibility of dis-
tal, deeper marine or lagoonal or back-levée equivalents
of these sediments which may contain significant sec-
tions of kaolin with a much lower silica content.

Filler Brightness and Reflectance

Although not the best possible material, the sample
tested provides an adequate indication of the sand's
suitability for filler applications. The tests (Tables 10 to
13) show that these silica sanda might be acceptable as
a filler for products requiring excellent chemical stability
and abrasion resistance (such as stuccos and skid
proof paints).

The sifect of attrition scrubbing of the grains prior to
crushing was not tested, but it is anticipated that this
would reduce the aiready low iron oxide content and
thus further reduce the yellowness value. This process
would also reduce or totally remove any carbon present
and result in higher values than those obtained. Crush-
ing of the sample to minus 400 or minus 600 mesh

Saskatchewan Energy and Mines
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Table 7b - Cakcuilated oxides and some measured silica values of Mannville Group silica sands from the Red Deer Silica Inc. quany, Saskaichewan.
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Table 7b (continued) - Cakculated oxides and some measured silica values of Mannville Group silica sands frorn the Red Deer Silica inc. quanry, Saskaichewan.
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would have improved the values measured, but was not
considered necessary at this time.

The raw sample contains a minor amount of carbon

Tabie 9 - X-ray diffraction analysis of minus 200 mesh fractions
of silica sand samples from the Red Deer River ares (Dave
Quirt, Saskatchewan Rassarch Council, 1991).

. Sample interval
which produces a pronounced grey colour, Although P 8to 10m hd 1210 14 m
the sampie has a very low magnetic mineral content, it
is sufficient to cause colouration. Separation of the carb-  Cuarz 90.1% 384 %
on and magnetic minerals from these sands is neces- Plagiociase 12% 25%
sary to produce an acceptable filler-grade product, Calcite 03% 43%
Some of the low cost, high-tonnage methods that might DH::-?umat:: s-g : ﬂﬁ ;:
be used effectively include: liite 0.0% 22%
1. magnetic separation for removing the magnetic Kaolinite T4% 189%

minerals, Tota! 100.0 % 99.9 %
2, attrition scrubbing prior to grinding to remove carb-

on and iron oxides,
3. jigging to remove most heavy minerals, and
4. coning or spiral concentrating to remove heavy

minerals and carbon.
Table 10 - Tristimulus vaiues of <200 mesh ground silica from a 40 10 60 mesh silica
sand sample from the Red Deer Siiica inc. quany, Saskatchewan.
Sample X Y Z X y Y
A 82.37 88.73 91.43 0.3162 0.3328 86.73
B 53.75 58.56 58.85 0.3177 0.3344 58.56
C 49.58 81.97 52.78 0.3213 0.3567 51.97
MgO 84.23 99.37 108.95 0.3135 0.3308 99.37

Note:
Sample A = deslimed <200 mesh silica sand with magnstic minerals removed

Sample B = deslimed <200 mesh silica sand
Sample C = raw <200 mesh silica sand
Sample MgO = precipitated MgQ reference standard

Table 11 - ClE-colour coordinates (L, a, b, C, and H) of <200 mesh ground silica from a
40 to 80 mesh silica sand sample from the Red Deer Silica inc. quarry, Saskatchewan.

Sampls L a b H
A 94.82 03 1.1 1.18 76.48
B 79.93 03 1.7 11.73 79.59
C 77.268 0.8 29 a4 7402
MgO 90.76 0.0 0.2 0.19 278.49
Note:

Samu‘:lo A = deslimed <200 mesh silica sand with magnstic minerals removed

Sample B = desliimed <200 mesh silica sand
Sample C = raw <200 mesh silica sand
Sample MgQ = precipitated MgO reference standard

Saskatchewan Ensrgy and Mines



Table 12 - Hunter colour coordinates of <200 mesh ground silica from & 40 to 80 mesh

silica sand sample from the Red Deer Silica inc. quarry, Saskatchewan.

Sample L alL bL x y Y

A 93.18 0.15 1.19 0.3124 0.3182 86.82
B 75.28 0.13 1.64 0.3139 0.3168 58.57
C 72.21 0.51 278 0.3174 0.3224 52.14
MgQ 89.68 0.06 -0.221 0.3098 0.3158 99.35
L = lightness

al = red-green axis

bl = yetlow-blue axis

x, ¥ = chromaticity coordinates
Y = lightness reference value

Note:

Sample A = deslimed <200 mesh silica sand with magnetic minerals removed
Sample B = deslimed <200 mesh silica sand

Sample C = raw <200 mesh silica sand

Sample MgQO = precipitated MgQ reference standard

Table 13 - R457 and yellownsess values of <200 mesh ground
sifica from a 40 to 60 mesh silica aand sample from the Red
Deer Sillca inc. quany, Saskatchewan. (R457 is a reference

standard from CANMET).

Sampile R457 Yellowness
A 85.31 2.29

B £5.00 4.05

C 49.40 7.38
MgC 99.58 0.34
Note:

Sample A = deslimed <200 mesh silica sand with magnetic
minerais removed

Sample B = dsslimed <200 mesh silica sand

Sample C = raw <200 mesh silica sand

Sample MgO = precipitated MgQ reference standard
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Silica Sands of the Mannville Group: Nipekamew River Area

Location

Picturesque cliffs of kaolinized silica sands occur on
both sides of the Nipekamew River south of High-

way 165 (Figure 2). These sands are also exposed far-
ther west in the Bow River valley {41.5 km by road from
La Ronge) and to the north along the shore of
Wapawekka Lake. The best exposures are found on the
east side of the Nipekamew River where bends in the
river have cut into the Mannville Group sediments,

The sample area is located 51 km (by road) southeast
of the town of La Ronge, and was accessible by vehicle
via a 1.8 km long trail that started 0.7 km east of the
bridge crossing the Nipekamew River on Highway 165.
The area is well drained and was covered by coniferous
forest, much of which has recently been clear-cut.

Geologic Setting

The silica sand outcrops in this area are composed of
moderately sorted continental alluvial deposits
equivalent to the Early Cretaceous Mannville Group
maring deposits that occur in the Red Deer River area.
They are overiain by Upper Cretaceous shales in the
area of the Wapawekka Hills and are thought to discon-
formably overlie Devonian limestone as well as the
Precambrian Shisld to the northeast.

The bluffs along the Nipekamew River are 17 m or more
high with up to 12 m of the silica sand section exposed.
Abundant, clean, silica-rich sands also occur in the over-
burden at locations over 2 km to the east of the river. As
the overburden consists predominantly of these sands
with oniy minor contamination by othar glacialty
transported rmaterial, it is suggested that targe parts of
the area are overlain by very shallow basal-tills. The ex-
posed section consists of approximately 8 m of pebbly,
coarse-grained sands disconformably overlying ap-
proximately 4 m of medium- to fine-grained, cross-
bedded sands with clay-rich foresets.

Previous Investigations

Akhough the best exposures of the Mannville Group
silica sands are along the Nipekamew River, previous
repornts have tended to concentrate primarily on ex-
posures along the shore of Wapawekka Lake (e.g.
Padgham, 1966) where the mineable thickness is limited
by the close proximity of the lake. Most notable of these
investigations is that of Pearson (1961), who described
several silica outcrops up to 10 to 13 m thick containing
98.5 to 98.6 percent silica. Hudson (1961) described
kaclinized gravel with up to 98.5 percent silica occurring
on the west bank of the Bow River, and having little or
no glacial cover. The silica sands described by Pearson
and Hudson appear to be identical or very similar to
those exposed along the Nipekamew River. Langford
{1973) had investigated the sand deposits in the area
and speculated on the immensity of the resource.

24

. Sampling Procedure

Samples were collected from the biuff (Lat. 54° 43.77",
Long. 104° 59.07") on the east sids of the Nipekamew
River, 2.6 km south of the Nipekamew River bridge, on
Highway 165. Prior to sampling, the outcrop face was
scraped clear to remove any effects of possible leaching
of kaolin cement, accumulation of dust, or preferential
separation of grain sizes. All samples were collected in
22 litre plastic containers using vertical face channel
sampling methods. The moderately competent nature of
the bedrock required the use of a rock hammer to
break off material from the bluff face. A clean (un-
oxidized) steel shovel was also used wherever possible
to collect the silica sand.

Analytical Results

Palynology

Two samples of shale with minor silt and quartzose
sand wera taken from the top of a cross-bedded chan-
nel section and submitted to the Energy Research
Centre at the University of Regina for palynological
analyses, It was hoped the analyses would detarmine
the age of the sediments and confirm whether or not
they were equivalent to the Early Cretaceous basal Man-
nville Group {Success Formation or Dina Formation), or
older Jurassic strata,

The shales were digested in hydrofluoric acid and the
palynomorphs were subsequently concentrated using
the zinc bromide heavy liquid separation methcd.
Residues were mounted on glass slides and examined
with a transmitted light microscope.

The entire palynomorph assemblage represents con-
tinentally derived pollen and spores. Species of
Trilobosporites and conifer saccate grains are abun-
dant. One sample contained, Trilobosporites apiver-
rucatus, T. trioreticulosus, T. canadensis, Cyathidites
sp., Podocarpidites sp., Alisporites sp., Cadripites
canadensis, and Concavissimisporites variverrucaius,
The second sample contained 7. apiverrucatus, as well
as species of Cicatricosisporites, Gleicheniidites,
Lycospora, Laavigatosporites ovatus, Cyathidites
australis, Appendicisporitas sp., and Deltoidospora sp.

The above taxa represeént only selected palynomorphs
and not the exhaustive list of all species present.

Several indicator species in these samples confirm that
the stratum is coeval with the lower Mannville (Swan
River) Formation. According to Pocock (1967) and
Srivastava (1978), the first appearances of
Cicatricosisporites and Arcellites are considered indica-
tive of basal Cretaceous age. On this basis it is con-
cluded that the samples are not pre-Cretaceous. Alsg,
the stratigraphic ranges of several of the other
palynomorphs present in the samples are indicative of

Saskatchewan Energy and Mines



possible basal Cretaceous age. T. apiverrucatus occurs
in Barriasian to Middle Albian sediments. Stratigraphic
ranges of other palynomorphs in these samples are: T.
canadensis (Barremian? to Middle Albian?), T.
trioreticulosus {Aptian to Albian), and Concavis-
simisporites variverrucatus (Bajocian to Middle Albian).
Singh (1964) considered 7. apiverrucatus as an index
palynomorph for the Cretaceous entrance level.
Cyathidites australis, Concavissimisporites variver-
rucatus, and T. apiverrucatus also occur in the Lower
Cretaceous Mannville Group in Saskatchewan and
Manitoba (Playford, 1971).

Granulometry

The grain size distribution cbserved in outcrop and
shown in Figure 5 indicates that the sediments consist
of two depositional sequences. The lower section, of
which only the top 3 m has been tested, appears to fine
upwards and probably represents a levée facies. Thia ia
disconformably overlain by a pebbly, very much coarser
grained, 10 m section of a channel facies that shows

100

only moderate granulometric variation and appears to
coarsen upwards.

Chemical

The analyses and calculated oxides of the sieve frac-
tions (Tables 14a and 14b) show an inverse quantitative
relationship between the total amount of contaminants
and the grain size. Since the ratio of surface area per
unit volume increases with decreasing grain size, a sig-
nificant portion of the contamination is probably a sur-
face coating on the quartz grains. This would be espe-
cially true for the alumina occurring in the very fine
grains of kaolin, and iron oxide present as a staining on
the grains.

A few of the tested intervals were found to have slightly
higher alumina values in the coarsest fraction than in
the next finer fraction. This is interpreted as being due
to the presence of trace amounts of kaolinized feldspar
grains that are too competent to break up during the
wet sieving process.

Al

PERCENT

0 [EENEAEREEEEN SRR EENE AN NN NN TR NN N N TN I N NN NN NI NN RN NN e NN mm

6 7 8 9 10 1

12 13 14 15 16 17

DEPTH IN METRES
Figure 5 - Grain size distribution of Mannvilie Group silica sands on the Nipekamew River, Saskalchewan.
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Heavy Mineral Content

A sample weighing 13.80 kg was processed to recover
heavy minerals. Of this, 1.3 kg (9.420 percent) was plus
10 mesh and removed from the testing. The remaining
sample yielded 7,358 g (0.0589 percent) of heavy
minerals, of which 0.01 g was non-magnetic. Of the
heavy minerals recovered, 17.0 percent were from the
10 to 100 mesh fraction while the majority (61 percent)
were from the 100 to 200 mesh fraction. Microprobe
backscattered electron image analysis was used to iden-

Open File Report 93-3

tify the relative percentages of heavy minerals present in
each of the grain size fractions,

Garnet (35 percent), rutile (27 percent), and cordierite
(17 percent) are the most abundant minerals in the plus
100 mesh heavy mineral fraction. In the minus

100 mesh fraction a wide variety of minerals are present
including: zircon (32 percent), rutile (20 percent), garnet
{16 percent), corundum (11 percent}, and monazite

(10 percent).
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Silica Sands of the Winnipeg Formation: Hanson Lake Area

Location

A well-sorted, white to beige silica sand, outcrops
throughout a jarge area marginal to the exposed
Precambrian Shield in the Amisk Lake to Hangon Lake—
Deschambault Lake region of east-central Sas-
katchewan (Figure 6). The silica sands are erosionally in-
competent, and outcrops are typically covered by a
scree of dolomite blocks. Where the sands are not
capped by dolomite they tend to occur under or on the
edge of muskegs, or in some instances they form well-
drained, gently rolling terrain with a well developed con-
iferous forest cover. The area is easily accessible from
La Ronge, Prince Albert, and Flin Flon via paved High-
way 106 (the Hanson Lake Road).

Geologic Settlh

Silica sand, in the area investigated, belongs to the
Black Island Member, the basal unit of the Middle Or-
dovician Winnipeg Formation. lts deposition was likely
controlled by tectonics in the Williston Basin to the
south and the ancestral Swestgrass Arch to the west.
The bulk of the Black lsland sediments were likely
derived from the erosion of Cambrian Deadwood Forma-
tion sediments in western and eastern Saskatchewan
and Manitoba (Paterson, 1971). Throughout most of the
Phanerozoic Basin in Saskatchewan, the Winnipeg For-
mation is underlain by clastic Cambrian sediments of
the Earlie and Deadwood formations. However, in the

104*
53¢

103*

known outcrop areas, the Winnipeg Formation silica
sands wera deposited on an erosional plain that con-
stitutes the Precambrian unconformity. The sands in the
area of investigation range in thickness from 3.85 to
5.18 m. The Black lsland Member is capped by the
erosionally competent Middle Ordovician dolomites of
the Red River Formation which form escarpments and
outliers throughout much of the region.

The Black Island Member is an unconsoiidated ortho-
quartz sandstone that was deposited in a marine beach
tc off-shore bar envircnment. The sandstone is distin-
guished from all other sediments in the basin on the
basis of the well rounded and uncemented grains. The
quartz grains are thought to have undergone bath fluvial
and aeclian transport. They show distinctive frosting
caused by wind transport. it has been suggested that
these sediments may have been partially derived from
the Upper Proterozoic Athabasca Group (Paterson,
pers. comm., 1991). It is unknown whether the sands
were camented or if the cement has been leached out
by groundwater. Carbonate cementation tends to be
restricted to the upper, finer grained fraction of the se-
quence, and may be derived from downward migration
of dissclved carbonate from the Red River Formation.

The stratigraphic equivalent of the sands in the Hanson
Lake area have been mined at Black Island on Lake Win-
nipeg, Manitoba for glass production in Alberta. The
sands at Black island are finer grained and richer in iron
oxides than those in the Hanson Lake area. Waters
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Figure 6 - Distribution of outcropping silica sands of the Winnipeg Formation and the edge of the capping Red River Formation,
Saskatchewan. #1 outcrops reported by Kupsch (1952) and #2 outcrops reported by Walers (1977, 1978a and b).
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(1978a and b) proposed that the quartz grains in the
Black Island Member are derived from the local base-
ment rock, and that the east-west difference in grain size
is due to finer grained basement source rocks to the
east. The high degree of rounding of these grains
strongly suggests that these sediments are probably a
third or fourth generation sandstone and that variations
in grain size are more likely to be due to differences in
depositional snargy regimes.

Previous Investigations

The Winnipeg Formation sands have been the most ex-
tensively investigated of the silica sands in Saskat-
chewan. The investigations have generally been of
regional scope with site specific tests. Work conducted
to date consists of geologic mapping and specific en-
gineering, chemical, granulometric, and mineralogical
studies by industry, govemment, and academic agen-
cies.

Geologic field mapping of the Winnipeg Formation in
the region includes the work of: Byers and Dahistrom
(1954) in the Amisk-Wildnest lakes area; Byers (1957) in
the Hanson Lake area; Byers, Kirkland, and Pearson
(1965) in the Flin Fion area; and Coleman and Gaskarth
(1970) in the Hanson Lake area.

The stratigraphy of the Winnipeg Formation was inves-
tigated by McLean (1560) and Paterson (1971). Other
studies of the Winnipeg sandstone include those by
Chernoff (1955) in the Hanson Lake area and a regional
study by Genik (1952). Both of these studies provide in-
formation regarding the heavy mineral content, quartz
grain size distribution, roundness, and sphericity of
these sands from different localities.

Kupsch {1952) and Chernoff (1955) reported chemical
analyses of the Black Island Member that warrant an
evaluation of its potential as a silica sand resource. Sub-
sequent investigations by industry include those of: Mr.
H. Jacobson of Flin Flon, Manitoba in 1961 (internal cor-
respondence); Holocene Resources Ltd. (Waters; 1977,
1978a and b); and Saskoil Ltd. (confidential assessment
work).

In all cases, the sands are reported to be relatively pure,
waell sorted, and to have a high degree of roundness
and sphericity. Of particular intereat are the investiga-
tions of Holocene Resources (Waters; 1977, 1978a and
b) that demonstrated the existence of significant ore
reserves (>7 500 000 tonnes) of plus 40 mesh sands
suitable for use as a fracturing medium.

Sampling Procedure

Samples were collected from an axposure on a
westward-facing escarpment (Lat. 54° 39.96'N, Long.
102° 50.85'W) at the southwest end of Hanson Lake,
which was previously investigated by Byers (1957) and
Waters (1978a and b). Despite attempts to re-expose
the entire section, which had been largely covered by
sloughed sandstones, only the upper 4.6 m could be
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sampled. Byers {1957) described the section at this loca-
tion as consisting of: :

Thickness Description
Incm

260.0 Dolomite: beige

40.0 Dolomite: mottied greyish orangs (10YR7/4) and
very pale orange (10YR8/2). Has poor pin-paint
porosity with concantrations of iron oxide in the
poras. Medio-crystalline with flcating sand grains.
Microscopic sxamination reveals 85 peroent
dolomite, 4 percent quartz, and 1 percent iron
oxide coating.

Quartzose dolomite: grevish orange (10YR7/4).
Quartz grains are silt size, sub-rounded, and
maedium sphericity. Dolomite and calcite are
medio-crystaliine. Has poor pin-point porosity with
concentrations of iron oxide in the pores. Micro-
scopic examination reveals 20 psrcent quartz,

77 percent dolomite and calcite, and 3 percent
iron oxide (coating on carbonate and quartz
grains). Carbonates fill fractures in the quartz
grains.

127

78 Caicareous orthoquartz sandstons: dark yellowish
orange (10YRG/6). Quariz grains are very fine
grained, sub-rounded, and highly spherical, The
carbonate mairix effervesces in coid, dilute HCI.
Microscopic sxamination revaals 42 percent
quartz (some grains contain gas bubble in-
clusions, many having undulatory extinction),

50 percent carbonate, 8 percant iron oxide (coat-
ing the grains and concentrated in pin head mas-
ses in the pores), traces of muscovite, biotite, tour-
maline, and rounded grains of magnetite.

127 Calcareous orthoquartz sandstone: dark yelowish
orange (10YRB/6). Quartz is very fine grained.
The carbonate matrix sffervesces in cold, dilute
HCi and the rock has poor pin-point porosity.
Micrascopic examination reveals 55 percent
quartz (welli-rounded, highly spherical, bubble in-
clusions, and undulatory extinction}, 40 percent
carbonate (some rhombohedrons, probably
dolomits, are weli developed along the edges of
the pores), and 5 percant iron oxids coating the
grains,
10.2 Caicarecus orthoquariz sandstons: moderate red-
dish brown (10R4/8). Quartz of fine sand-grain
gize. Carbonate matrix effervesces in cold dilute
HCI. In thin section it consists of 45 percent
quartz, 45 percent carbonate, and 10 percent iron
oxide coating the grains, and traces of biotite.
101.8 Orthoquartz sandstone: very pals orange
(5YR8/2). Well-sorted, weil-rounded, highty spheri-
cal quartz grains in the coarse-grained sand
range, Quartz grains have a very thin coating of
iron oxide on them. The sand is sasily shoveled,
but stands up in vertical faces. Cross-bedding is
visible throughout thas iayer.

Orthoquartz sandstone: same as above except
that cross-bedding is confined to the lower part of
the bed with no discamabile cross-bedding in the

upper part.

Orthoquartz sandstone: same as above, cross-bed-
ding is visible in the lower part only.

n



10.2 Crthoquartz sandstone: same as above, no visible
cross-bedding.

533 Orthoquartz sandstone: same as above, no visible
cross-badding.

203.2 Orthoquartz sandstone: same as above,

5.1 Oligomictic, quartz pebble breccia: greyish

orangs (10YRB/4). Very angular quartz pebbles

up to 10 om diameter in a coarse-grained, well-

gorted matrix. The average diameter of the sand
grains is 0.4 mm. Iron oxide coats the sand and
pebbles and also fllis fractures in the pebbles.

The thickness of the bed varies from 0.7 to 5.0 cm.

Total thickness of Winnipeg sandstone = 518.2 cm

5.1 Kaolinitic olay: quartzoss, whitw, silt to clay range,
some quartz grains are up to fine sand-grain size,
non-caicareous. Kaolinitic odour. No preferred
orientation of the platy clay particles. Greasy
when wet. Thickness varies from 2.5 to 5.0 cm.

Waeatherad Precambrian
(Modified after Byers (1957)).

Prior to sampling, the outcrop face was scraped clear to
remove any effects of possible leaching of cement, ac-
cumulation of dust, or preferential ion of grain
sizes. All samples were collected in 22 litre plastic con-
tainers using vertical face channel sampling methods.
Extreme care was exercised to minimize contamination
by iron from shovels. Only the top 4.6 m of the section
was sampled due to extensive sioughing of sand and
dolomite into the trench.

Four samples were collected at this location. The
sandstone intervals were selected on the basis of their
apparent granulometry, accessibility, and thickness. The
sample intervals are 0 to 1.10 m, 1.10t0 2.36 m, 2.36 to
4.00 m, and 4.00 to 4.6 m relative to the top of the
Black Island Member,

Analytical Results

Granulometry

The sieving results (Figure 7) indicate the sediments are
well sorted, and that the top 4 m is very slightly coarser
and better sorted than the base of the tested section.

Despite the very narrow range in grain size of the
samples tested from this locality, coarser and/or finer
material may occur at other locations and at different
stratigraphic intervals. The quartz pebble breccia and
kaoiinitic horizens overlying the weathered Precambrian
(Byers, 1957) at this location may have been eroded or
not deposited at other locations and subsequently
deposited at higher stratigraphic intervals during a later
sedimentary transgression. .

Chemical

The chemical analysss of these sands (Tables 15a and
15b) show the Winnipeg Formation to be an excellent
petential source of high quality silica suitable for almost
all general applications. Of particular ncte is the lack of
carbonates in the chemical analyses of thess sediments.
It is uncertain whether this is ropresentative of the
deposit in general or due to local near surface leaching.

The amount of contaminants increases in the finer grain
size fractions, but they are generally conaidered to be in-
significant. The heavy minerals are interpreted to be a
predominant source of contaminants such as iron,
alumina, potassium, and possibly calcium. Kaolin may
also be a source of alumina in these samples.

Heavy Mineral Content

The heavy mineral content of the Winnipeg Formation
that outcrops in Ballantyne Bay, Deschambault Lake
(Figure 6) is less than 1 percent, and consists of: well-
rounded magnetite {25 to 50 percent) and tourmaline
{10 to 25 percent); well-rounded to poorly rounded 2ir-
con (1 to 5 percent); poorly rounded pyrite (25 to S0 per-
cent), rutile (1 percent), and gamet (1 t0 5 percent); and
staurofite (1 to 5 percent) of unspecified roundness
{Kupsch, 1952). Kupsch also reported that an outcrop
on Amisk Lake did not have more than 1 percent heavy
minerals consisting of 5 to 10 percent magnestite, 10 to
25 percent tourmaline, 5 to 10 percent pyrite, 1 to 5 per-
cent zircon, 25 to 50 percent gamet, and 1 to 5 percent
staurolite. Waters (1978a and b) reported average heavy
mineral contents of selected sand size fractions from
four sampie localities in the area to be: 0.038 percent
(0.031 to 0.050 percent) for the 40 to 60 mesh fraction,
0.257 percent (0.154 to 0.387 percent) for the €0 to

100 mesh fraction, 0.976 percent (0.527 to 1.833 per-
cent) for the 100 to 140 mesh fraction, and 1.296 per-
cent (0.292 to 2.236 percent) for the minus 140 mesh
fraction.

A sample weighing 33.07 kg of the minus 10 mesh frac-
tion of sediments from the top 4.40 m of the exposed
section investigated by this study consists oniy of
0.06009 percent heavy minerals. Magnstic mine_gals
were found to constitute approximately 3.02-10™ per-
cent of the sample. Only 30.13 percent of the non-mag-
netic minerals recovered were of minus 10 to plus

100 mesh grain size. The majority (61.77 percent) of the
heavy minerals present occur within the 100 to

200 mesh fraction.

The most abundant mineral grains in the plus 100 mesh
heavy mineral fraction are: iimenite (§1.7 percent), tour-
maline (28.2 percent), zircon (10.1 percent), staurclite
(5.4 parcent), gamet (2.0 percent), rutile (2.0 percent),
and corundum (0.6 percent). In the minus 100 mesh
fraction, the most abundant mineral grains are: iimenite
(49.6 percent), zircon (31.7 percent), tourmaline

(13.7 percent), and gamet (5.0 percent). Some of the
heavy minerals have a strong prevalence by grain size;
of particular note ie the reatriction of staurolite, rutile,
and corundum (very rare) to the 10 to 35 mesh size frac-
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Figure 7 - Grain size distribution of the Winnipsg Formation sands from the southwest shore of Hanson Lake, Saskatchewan.

tion whereas zircon is most abundant in the minus
200 mesh fraction. Garnets are most common in the
coarsest and finest fractions but rare to absent in the
mid-range (minus 35 to plus 200) fractions. Tourmaline
is most predorinant in the 35 to 60 mesh range. -
menite is a major component in all grain size ranges,
but is most significant in the 80 to 200 mesh size.

The samples from the present study have substantiaily
lower heavy mineral content than those reported in ear-
lier studies. Some variation between sample sites is ex-
pected. The differences are not considered significant
except in ore processing design for a mining operation.
However, they may result, in part, from statistical errors
introduced by presumably smaller sampie volumes in
the earlier investigations and possibly by minor con-
tamination from overburden material. The distribution of
heavy minerals is similar with the exception of magnetite
which was not detected in significant amounts in this
study. It is speculated that iimenite may have been incor-
rectly identified as magnetite in original microscopic ex-
aminations.

Open File Report 93-3

Pack and Fracturing Sand Analysis

Pravious investigations by Kupsch (1952), Genik (1952),
Chemoff (1955), and Waters (1977, 1978a and b) have
shown the Winnipeg Formation sands are well suited to
a number of applications including use as a pack sand
for groundwater wells and as a fracturing sand in
petroleum wells.

Pack sands require a high degree of chemical purity,
uniform grain size, roundness, and sphericity to op-
timize fluid flow into a well without winnowing finer seai-
merts from the aquifer or contaminating the water.
Chernoff's (1955) determinations of grain roundness
and sphericity for Hanson Lake sands (Table 16) and
Kupsch's (1952) roundness values for Amisk Lake
deposits (Table 17) are very encouraging with respect to
pack sand applications. The Amisk Lake sand round-
ness and sphericity vaiues are slightly lower but still
have comparable values. The mid-size (14 to 28 mesh)
grains are the most rounded and the finest are the least
rounded. These characteristics also suggest that the
range in grain sizes of these sands would be applicable
to foundry sand, especially in core and moulding ap-
plications.
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Fracturing sands are used as a “propping agent” in the Texas Frac Sand (Waters, 1978a) which is thought to be
hydraulic fracturing of petroleum-bearing formations to the most widely used in North America. The compres-
enhance permeabilities. These require the sama charac-  sive strength of the Winnipeg sands varies, but not sub-
teristics as pack sands but grains must also have a high  stantially. The relatively abundant minus 20 to plus
compressive strength. Sampies of the Winnipeg Forma- 40 mesh fraction compares favourably to Ottawa Sand,
tion silica sands from the Hanson Lake area were tested  which is classified as a "deep frac sand“. The less abun-
and found suitable for use as a hydraulic fracturing dant minus 10 to plus 20 and minus 8 to plus 12 frac-
sand (Tables 18 and 19). Krumbein grain roundness tions were found to have slightly lower compressive
analysig for these sands exceed the reported values of strengths than the Texas Frac sands.

Table 16 - Krumbein roundness and sphericity of Winnipeg Formation sands from Hanson Lake, Saskaichewan (after Chernof,
1955). The degree of roundness and sphericity increases from 0.1 fo 0.9.

Sample Tyler Percentile Roundness Percentils Sphericity
Mash Size 0.1t0 03 0.4 to0 0.6 0.710 0.9 0.110 0.3 0.4t 08 0.7 to 0.9
1 +9 27 55 18 0 36 64
9+16 10 27 63 0 3 g7
-16+32 5 20 75 0 3 a7
-32+60 12 7 81 0 28 72
80+115 25 50 25 8 60 34
-115+250 50 44 - 30 40 30
2 +9 10 30 60 0 9 N
9+18 10 30 80 0 9 9
-16+32 5 15 80 0 0 100
-32+60 8 30 82 0 18 82
-€0+115 32 60 8 13 42 a4
-115+250 36 60 4 7 7 66
3 +9 0 100 0 0 4] 100
9+16 10 0 80 0 24 76
-16+32 0 a0 70 o 3 97
-32+80 15 35 50 o 30 70
-60+115 12 60 28 0 27 73
-115+250 38 58 6 12 a3 55

Table 17 - Percentage disiribution of roundness by sieve frac-
tion of Winnipeg Formation sands from Amisk Lake,
Saskatchewan (after Kupsch, 1952).

Tyler Mesh Roundness

Size 0.11t0 0.3 041006 0710 09
+14 40 % 40 % 20 %
+28to 14 10 % 30 % 80 %
+4810 28 10 % 30 % 60 %
+100 to 48 40 % 30 % 30 %
+200 to 100 85 % 10 % 5%
-200 95 % 5% 0%

Table 18 - Average per grain compressive strengths for Saskatchewan Winnipeg Formation sands (after Waters, 1 978a). Values ex-

pressed as decanewions per grain.

Source Tyler Mesh Size Ranga

-8+10 -10+12 -12+14 -14+16 -16+18 -18+20 -20+2%
S.RC. 14,38 10.00 9.37 10.24 14.66 7.9 10.01
Holoc. #1 N/A N/A 11.34 10.78 9.59 10.62 7.90
Holoc. #2 N/A N/A 10,25 9.40 8.58 6.58 6.90
Average Values N/A N/A 10.32 10.14 10.94 8.37 827
Notes:

§.R.C. = Saskatchewan Research Council
Holoe. #1 = Unit 3 in the Holocene Resources Ltd. QOutlier H
Holoc. #2 = a pink sandstone in Holocene Resources Ltd. Outlier 8
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Table 13 - Computed compressive strength values for Winnipeg Formation sands from the
Hanson Lake area, Saskaichewan (after Waters, 1978a). Values expressed as decanew-
fons per grain.

Tyler Mesh Average per Computed™ Compressive
Size Average Particle Size Grain Load Strength
(Tyler Mash) (daN) (xPa)
8+10 9 16.15 85 500
-8+12 10 12,19 55 200
-10+12 1 13.92 82 000
12+14 13 11.17 58 600
-14+18 15 12.48 75 800
-18+18 17 12.50 93 000
-18+20 19 912 88 200
-10+20 15 9.95 82 000
-20+ 40 28 7.62 83 000

* Based on statistical average of all test data.
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Metallurgical Processing Investigations of the Silica Sands from the
Mannville and Winnipeg Formations, Saskatchewan

Saskatchewan Energy and Mines (S.E.M.) contracted'
.M.D. Laboratories Ltd. to investigate various methods
for benificiating silica sands (.M.D., 1992b and 1993}
and evaluating their "high tech® market potential (1.M.D.,
1992a). |.M.D. demonstrated that the sands of both the
Mannville and Winnipeg formations can be benificiated
to meet the specifications for most high tech applica-
tions.

I.M.D.'s tests (Tables 20 to 23) show that attrition scrub-
bing, magnetic separation, acid leaching, and calcina-
tion all substantially reduced contaminants, yielding a
product of similar quality to the Quintus quartz

produced by UNIMIN Corporation, Spruce Pine, North
Carolina, U.5.A. With the exception of the Red Deer
Bluff sample, froth flotation methods for removing refrac.
tory minerals were not found to be particularly success-
ful. I.M.D. does suggest that further investigation of flota-
tion processing is warranted.

Although it has already been shown by S.E.M. (this
report) that most of the contaminarts are present in the
fine fraction {minus 100 mesh) for all of the silica sands
tested, .LM.D.’s benification studies were based upon
the minus 40 to plus 140 mesh sarple fractions so as
to minimize ore waste. However, this has resulted in
higher concentrations of heavy minerals and feidspars
in the sample fraction tested. I.M.D.’s silica values are
also significantly lower than those obtained by S.E.M.
because a large portion of the contaminants are kaolin.
Most of the kaolin can be removed by wet screening,
but some kaolin, that is bound to the quartz grains, can
also be removed by attrition scrubbing and/or other
processes.

Testing of a slightly coarser (minus 40 to plus

100 mesh) fraction would probably have significantly
reduced the contaminants {s.g. garnets, staurclite, an-
dalusite, rutile, and ilmenite) present in the samples.

Very fittle waste would have resulted in the case of the
Winnipeg Formation sands which have 94.6 percent
coarser than 100 mesh and 76 percent between 35 and
100 mash, However, much larger wastage would occur
with the Mannville Formation sands where:

1. the Red Deer quarry deposit is 1.3 percent plus
100 mesh but only 59.5 percent is between 35 and
100 mesh,

2. the top 4 m of the Red Deer Bluff samples are very
fine but the lower 8 m have 73.9 percent pius
100 mesh ana 72.2 percent 35 to 100 mesh, and

3. the Nipekamew River section has 74.9 percent plus
100 mesh but only 29.1 percent 35 to 100 mesh.

Losses would be significantly lowered if the sands
processed are restricted to the plus 100 or 120 mesh
fraction.

I.M.D. (1993} suggested testing a high gradient or
permroll magnetic separator. Very high intensity mag-
netic separators might remove more of the paramag-
netic minerals (e.g. limenite and aimandine} and possib-
ly quartz grains with inclusions of such minerals. Alterna-
tively, density separation methods such as spiral con-
centrators, jigging or shaker tables, or Reichert cones
might also prove effective in removing many of these
contaminants.

Recent information (D. Weston, pers. comm., 1993) sug-
gests that there are also other effective low cost upgrad-
ing methods that have not yet been tested on Sas-
katchewan silica sands. These methods couid produce
a product of significantly greater purity with high market
value (up to U.S.$1,500 per tonne) suitable for high tech
applications such as fused silica, metallurgical grade
silicon, optical fibers, etc,

(1) Funding provided by CANMET under the Canada-Saskatchewan Parinership Agreement on Mineral Devetopment 1990-95.
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Tabis 20 - Resuits of proceasing of Mannville Formation silica sand (35 to 140 mesh size) from the Red Deer Silica Inc. quary,

Saskatchewan.

1 2 3 4 5 [ 7 8 9
Si0z (%) 96.88 85.10 98.70 99.30 99.40 99.30 89.60 N.D. N.D.
AlzOa (ppm) 12 100 1 900 1600 1 500 1400 1800 1 400 250 190
CaQ (ppm) <100 <100 <100 <100 <100 <100 <100 <20 <20
MgO (ppm} 600 500 400 300 200 500 400 3 <3
Na20 (ppm) <100 <100 <100 <100 <100 <100 <100 <5 <5
K20 (ppm) 1 700 1100 1 000 1000 900 1 000 800 <20 13
Fe20a {ppm) 4700 500 100 80 76 200 170 80 60
MnO (ppm) 100 100 100 100 100 100 100 3 3
TiO2 {(ppm) 1200 700 570 290 300 300 240 110 160
P20s (ppm) 300 200 200 200 200 200 200 50 <10
LOI {(ppm) 8 600 3 000 200 2 000 2 800 2 000 2000 N.D. N.D.
Cr (ppm) 800 78 13 19 13 17 13 5 <1
Rb {ppm} 12 16 32 32 <10 <10 <10 N.D. N.D.
Sr (ppm) 7 <10 <10 <10 <10 <10 <10 <1 <1
Y (ppm) 13 <10 <10 <10 10 16 <10 <1 <1
Zr {ppm}) 82 50 24 34 29 M4 29 <1 19
Nb {ppm) 28 3 18 29 17 <10 <10 8 <1
Ba (ppm) 129 110 59 38 25 10 <10 22 4
Notes:

1 = Unprocessed sample analysis
2 = 5§ minute attrition scrubbed (A.S.} sample analysis
3 = Two stage A.S,, second stage with H25Q4 sampise analysis
4 = AS. and HCI acid leached sample analysis

5 = A.S. and H2S04 acid leached sampie analysis
6 = A.S. and magnstically separated (M.S.) sample anatysis
7 = A5, M.§,, and froth flotated sample analysis
8 = A S, M.S. and acid leachad (HCl, Hz504 and HF} sample analysis

9 = AS, M.5., and calcined sample analysis

N.C. = not determined

Table 21 - Results of processing of Mannville Formation silica sand (35 to 140 mash size) from the Red Deer River biuff.

Saskatchewar.
1 2 k] 4 ] 6 7 8

Si0z (%) 96.55 98.45 98.50 96.20 99.00 98.90 99.50 N.D.
Al20a (ppm) 14 500 4 200 3900 3 200 3300 4100 700 260
Ca0 (ppm) $00 <100 <100 <100 <100 <100 <100 <20
MgQ {ppm) 1000 700 500 300 200 300 <100 8
NazO {ppm) <100 <100 <100 <100 <100 <100 <100 <5
K20 (ppm) 2 400 2100 2000 1 800 1 800 2000 100 <20
Fe20a (ppm} 3700 500 470 86 71 300 110 80
MnO {ppm) 200 200 200 100 100 100 100 3
TiO2 (ppm) 2 800 2100 2190 700 700 710 460 230
P20s {(ppm) 300 300 200 200 200 200 200 70
LOI {(ppm) 7 800 3 800 1500 4 000 3000 2 500 2 600 N.D.
Cr {ppm) 400 23 15 19 21 18 16 4
Rb {ppm} 18 10 14 25 18 16 15 N.D.
Sr (ppm) <10 <10 <10 <10 <10 <10 <10 1
Y (ppm) 15 14 21 <10 <10 <10 <10 1
Zr (ppm) 514 382 6685 505 535 544 &2 <1
Nb (ppm} 24 19 14 <10 16 22 15 12
Ba (ppm) 149 125 90 41 57 25 58 61
Notes:

1 = Unprocessad sample analysis
2 = § minute attrition scrubbed (A.S.) sample analysis
3 = Two stage A.S., second stage with HzS04 sample analysis
4 = AS. and HCI acid leached sample analysis

5 = AS. and H250.4 acid leached sample analysis
€ = A.S. and magnetically separated (M.S.) sample analysis
7 = A5, M.5,, and froth fiotated sample analysis
8 = A5, M.S. and acid leached (HC!I, H2S04 and HF) sample analysis
N.D. = not determined
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Table 22 - Resulls of processing of Mannville Formation silica sand from (35 fo 140 mesh size) the Nipakamew River bluff,
Saskatchewan.

1 2 3 4 5 8 7 B
Si02 (%) 04.55 98.43 98.60 99.10 99.20 99.00 99.10 N.D.
Al20a (ppm) 30 300 2100 2 300 2 500 2 800 2 500 2000 150
CaQ (ppm} <100 <100 <100 <100 <100 <100 <100 <20
MgO (ppm) 800 600 500 300 200 300 100 10
Naz0 (ppm) <100 <100 <100 <100 <100 <100 <100 <5
K20 {ppm) 2 600 1000 1100 1 100 1 500 1 200 1 200 <20
Fe20a (ppm) 4 600 500 200 84 112 100 g0 80
MnQ (ppm) 100 100 100 100 100 100 - 100 3
TiO2 (ppm) 1 800 700 820 480 510 510 480 200
P20s (ppm) 300 200 200 200 200 200 200 50
LOI (ppm} 14 800 3 900 2000 3 500 3000 4 Q00 2600 N.D.
Cr (ppm) 600 14 15 17 23 25 16 2
Ab (ppm) 12 7 13 " <10 12 15 N.D.
Sr (ppm) 27 <10 <10 <10 <10 <10 <10 1
Y {ppm) 1 5 <10 <10 <10 <10 <10 2
Zr (ppm) 142 71 83 79 76 114 62 <1
Nb {ppm) 4 25 24 0 17 29 15 18
Ba (ppm) 178 o7 88 41 67 75 58 44

Notes:

1 = Unprocessed sampie analysis

2 = 5 minute attrition scrubbed (A.S.} sample analysis

3 = Two stage A.S., second stage with H2504 sample analysis

4 = AS. and HC! acid leached sample analysis

5 = A5, and H2504 acid leached sample analysis

6 = A.S. and magnetically separated (M.S.) sample analysis

7 = A8, M.8,, and froth flotated sample analyais

8 = AS.,, M.5. and acid leached (HCi, H2504 and HF) sampls analysia
N.D. = not determined

Table 23 - Resuits of pracessing of Winnipeg Formation silica sand (35 to 140 mesh size) from Hanson Lake, Saskatchewan.

1 2 3 4 5 8 7 8 9

Si0g (%) 99.10 99.20 99.20 99.50 99.50 98.50 99.60 N.D. . N.D.
Alz0a (ppm) 1 400 <100 <100 <100 <100 < 100 <100 180 180
Ca0 (ppm) <100 <100 <100 <100 <100 <100 <100 <20 <20
MgO {(ppm) 700 500 500 200 300 200 200 3 <2
Naz0 (ppm) <100 <10Q <100 <100 <100 <100 <100 <5 <5
KzQ (ppm)} 300 <100 <100 <100 <100 <100 <100 <20 10
Fez03 {ppm) 4 600 300 114 70 80 100 70 50 50
MnQO (ppm) 100 100 100 100 100 100 100 1 2
TiO2 (ppm) 600 500 570 300 350 300 270 90 70
P20s (ppm} 300 200 200 200 200 200 200 40 <10
LOI (ppm) 1 600 4 000 1 500 2000 1 500 3 000 2 80O N.D. N.D.
Cr (ppm) 700 14 13 17 15 17 12 <1 <1
Rb {ppm) 16 11 <10 11 17 88 <10 N.D. N.D.
Sr (ppm) 36 <10 <10 <10 <10 <10 <10 1 <1
Y (ppmy} 1 12 <10 <10 <10 <10 <10 <1 <1
Zr (ppm) 148 71 75 75 84 56 34 <1 32
Nb (ppm) <10 <10 15 17 17 11 <10 3 <1
Ba (ppm} 185 75 19 <10 <10 <10 <10 1" 2
Notes:

1 = Unprocessed sample analysis

2 = 5 minute attrition scrubbad (A.S.) sample analysis

3 = Two stage A.S., second stage with H2504 sample analysis

4 = A5, and HCI acid leached sample analysis

5 = A.S, and H2504 acid leached sample analysis

6 = AS, and magnstically separated (M.5.} sample analysis

7 = AS, M.S,, and froth flotated sample analysis

8 = AS., M.S. and acid leached {HCIl, Hz504 and HF) sampie analysis
9 = A5, M.S,, and calcined sample analysis

N.O. = not determined
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Potential Specialty Applications of Saskatchewan Silica Sands

The recent closurs of the Domglass Inc. container glass
plant at Redcliff, Alberta further limits the prairie region’s
viable market for silica sands in the glass industry. This
limited market situation is probably true for all low-value,
minimal processing applications such as in foundry and
sand biasting uses. However, the high-value of high-
purity silica sands, and specialty silicas in particular,
would tend to insulate a producer from the effacts of
long transportation distances. Furthermore, deposits of
silica sands in Saskatchewan are relatively well situated
to serve spacialized markets in both eastern and
western North America.

I.M.D. {1992b and 1933) demonstrated that both the
Mannville Formation and Winnipeg Formation sands
can be processed to meet a number of applications.
Since the Winnipeg Formation sands are the purest,
they tend to require less processing to meset particular
specifications. However, the difference in extent of
processing required by any of these sands to meet
given specifications is probably not significant.

Packing and Fracturing Sands

The Winnipeg Formation silica sands have the best

potential o meet the physical and chemical require-
ments for packing and fracturing sands with minimal
processing.

Deposits in the Hanson Lake to Deschambault Lake
area in particular, have an excelient potential for suppor-
ing an economically viable packing and fracturing sand
quarrying operation. This deposit is well located 1o com-
pete for the petroleum and groundwater well markets in
central North America. Currently Texas is the major sup-
plier for the region. Packing sands may represent a
higher market volume application than the fracturing
sand applications, but the fatter may have the higher
market value. A resource meeting the requirements of
both applications may constitute a particularly viable
source to supply these markets.

Quartz Fibers

Silica sands of >99 percent purity, such as those in Sas-
katchewan, can be used to produce quartz fibers of
remarkable strength and flexibility, Most applications are
in the aerospace industry as ablatives for structural sup-
ports and in electrical applications for radomes and an-
tennae. The higher mechanical stréngth of carbon-
carbon composites valued at up to $1,000 per pound
however, are replacing quartz fibers in some applica-
tions, even though they are valued at $5 to $150 per
pound (Harris et al., 1987).

High Purity Quartz

Silica of extramely high purity (<500 ppm con-
taminants), required to produce high purity quartz fibers,
was valued at $0.20 to $2.00 per pound in 1987 (Harris
et al., 1987). Rock crystal/lasca has been a traditional
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source for this commodity, but the UNIMIN Corporation
mine at Spruce Pine, N.C. has demonstrated that other
sources can be exploited using crushing, screening,
froth flotation, and high temperature calcining. LM.D.'s
1993 investigations have demonstrated that such purity
can be produced from the Mannville and Winnipeg for-
mation sands. They would constitute the only source in
western North America. Such a product could supply a
number of markets including the production of fused
quartz, cultured quartz, and optical glass with end uses
for semiconductors, specialty lighting, fibre optics, and
precision optics. The developmeant of such an operation
would require further metallurgical investigations and
cost analyses.

Fused Sllica

Harris ot al. (1987) state that the fused silica market of-
fers limited opportunities due mainly to: a lack of
deposits of sufficiently high purity; increased exports by
Japanese producers into North America; and excessive
existing capacity in North America. If the Japanese have
been able to expand their share of the North Amarican
market, then it is postulated that the market potential for
this commodity may be much better than reported,
provided that the required energy costs are low enough
and that there are adequately pure deposits of silica or
that the silica sands are amenable to purification at a suf-
ficiently low cost. It is anticipated that both the Mannwville
and Winnipeg formation silica sands can meet the re-
quired specifications (99.60 to 99.85 percent SiOg, 0.10
to 0.20 percent AlzO3, 0.02 percent FexOs, 0.01 percent
TiQOg, 0.0015 percent Na, 0.0035 percent K, and 0.02 per-
cant H20) with minimal procassing {such as attrition
scrubbing and wet sieving) with possibly high-intensity
magnetic separation and high-temperature drying or cai-
cining.

Silicon Metal

Based upon chemical purity, the Winnipeg Formation
silica sands, and probably a treated form of the Man-
rnville Formation silica sands, are suitable for production
of silicon metal. The grain size of these sands is much
too fine to ba used in conventional silicon furnaces un-
less previously fused to form lump quartz; however,
Dow Energy is presently testing a new process at a
plant in Manitoba using a similar sand as feed-stock. If
this plant proves to be effective, it is anticipated that the
silica sands located close to transportation facilities and
major power sources will be economically exploitable.
This should include the Mannville sands near Hudson
Bay (Red Deer River) and possibly those near Carrot
River, as well as the Winnipeg Formation sands be-
tween Amisk Lake and Deschambault Lake,

Sodium Silicate

The sodium silicate market constitutes a major potential
use for two of Saskatchewan's industrial mineral resour-
ces. A large volume of sodium silicate is consumed by
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the pulp and paper industry, as well as being used as
the hasis for producing a number of major commeodities
including zeolites, precipitated silica, silica gel, and col-
loidal silica:

Production of sodium silicate requires the reduction of
quarz and sodium carbonate (soda ash), or sodium sul-
phate and carbon with the following reactions:

NazCO3 +nSi02=Naz0 *nSi02+CO2
or
2Nas504 +2C +n8iD2=2Naz0*nSi02+ 8 +8502+2C02

The resources required in both of these processes ara
locally available. Saskatchewan is one of the world's
major producers of sodium sulphate. Ormistron Mining
and Smelting Is presently developing soda ash produc-
tion technology from its sodium sulphate deposit. Large
reserves of coal and gaa are available for heating and
reduction. Saskatchewan is well located to supply a
large part of the western pulp and paper market, as the
only Canadian producers of sodium silicates are located
in Toronto, Ontario; Valleyfield, P.Q.; Whitecourt, Alber-
ta; and Nanaimo, British Columbia.

Silica sands for this application should contain SiQO2
>99.4 percent, AlzO3 and Fep03 <0.2 percent, TiO2
<0.5 percent, and Ca0 +MgQ <0.05 psrcent. The silica
sands from both the Mannville and Winnipeg formations
meet these requirements.

The number of possible uses of synthetic zeolites
produced from sodium silicate is considerable, and in-
clude: catalytic reforming, polymaerization, alkylation,
hydrodealkylation, hygrogenation, methanation,
dehydrogenation, dehydration, dehydrohalogenation,
ion exchange for collecting atomic waste and sewage
treatment, nitrogen separation from air, and animal nutri-
tion. The ability of zeolites to saparate nitrogen and
other gases from the atmosphere is expected to have
major future environmental applications in reducing
emissions (Breck, 1883; Mumpton, 1983).

Precipitated silica is used for: reinforcing fillers in rub-

bers and plastics; as an abrasive and thickening agent
in dentifrice gels and tooth pastes; fiatting agents in

44

paints and coatings; for thixotropy and pigment suspen-
sion in unsaturated polyesters, adhesives, sealants and
coatings; as a silica source in zeolite synthesis; as a car-
rier in pesticides; as a conditioning agent in foods and
cosmetics such as deodorants, nail polishes, vitamin
tablets, etc.; for battery separator applications; and as a
dispersion-type defoamer (Harris et a/., 1987).

Silica gel is usad for: modifying paint flatting, abrasion,
scrub resistance, and rheological properties; in plastics
for flatting, pigment dispersion, moisture absorption,
and antiblocking applications; in pharmaceuticals as a
carrier for liquid ingredients, defoamer, suspension ajd,
anticaking agent, and packing desiccant, for anticaking
agent and chill stabilizer in beer; abrasive in polishes;
support material in catalysts; image enhancer and anti-
slip agent in paper: and for low control and processing
aid in adhesivas (Harris et a/., 1987).

Colioidal silica is used as: a high temperature binder in
investment casting, refractory cements, and vacuum-
formed fibrous shapes; binder or support of catalysts;
packing frictionization; anti-slip agent and cleaners for
textiles; polishing electronic wafers; photographic film
dye acceptor and crystal-growth regulator; paper fric-
tionizer and contrast improver; adhesion promoter, wet-
ting improver, and soil repsilant in coatings; and anti-
slip properties in waxes and polishes (Harris et a/.,
1987).

Al of these commodities are value-added products with
relatively high market values, Of particular note are the
present and potential environmental applications of
zeolitas. The development of synthetic zeolite produc-
tion methods has enabled the design of zeolites of high
efficiencias for pasticular applications. This could be of
special interest to ongoing investigations in Saskatch-
ewan and elsewhere into methods for reducing sulphur
and CO» thermal-slectsic flue stack emissions. The
mechanical removal of nitrogen from the atmosphere
prior to combustion and the removal of CO2 after com-
bustion is extremely energy intensive. Zeolites are being
used in Japan to accomplish this task with a pressure-
swing adsorption process (Mumpton, 1983) which is
probably far more snergy efficient.
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Conclusions

High purity and consistency is critical to most silica ap-
plications, particularly for the specialty silica market.
Silica sands have an excellent potential for meeting
these requirements bacause the natural process of
sedimentary transport tends to separate or leach out
many of the impurities from the quartz grains. The Early
Ordovician Winnipeg Formation and the Cretacacus
Mannville Group in Saskaichewan host an enormous
reserve of relatively pure silica sand. Although the sands
contain small amounts of impurities in the form of
kaolin, carbon, mica, and heavy minerals, the impurities
can be easily and effectively extracted using existing
metallurgical methods.

The Canadian silica market for glass production is ex-
tremely competitive due to the relative abundance of
this commonplace, low-value commaodity. However, with
only minor mechanical processing, these sands could
mest the high specifications of the colourless and opti-
cal glass market where the supply is far more restricted,
Since the unit value of silica is relatively small compared
to the cost of the final products, silica consumers are fre-
quently prepared tc accept higher transport costs for a
reliable source of consistently high quality raw material
(Murphy and Henderson, 1983). Although resources are
iocated near railways in the eastern parn of the provincs,
the silica sands in the Hanson Lake and Nipakamew
River areas ares more remote and might best be dedi-
cated to the production of higher value specialty silica
products that can support the higher production and
shipping costs from these locations.

Silica Sands of the Mannville Group

The silica sands of the Mannville Group occurring in the
Red Deer River and Nipekamew River areas, and those
of the Winnipeg Formation occurring in the Hanson
Lake area, are all of relatively high chemical purity and
whitenass. The same quality is expected to persist
laterally throughout large areas of east-central Saskatch-
ewan that are underlain by these sediments. Investiga-
tions have shown that simple, low cost, high volume,
processing methods could be used to beneficiate these
silica sands to a grade suitabile for the production of
silicon, most silica-based chemicals, various types of
glass, and many of the specialized silica applications.

The most ohvious deleterious componeants of the sands
are alumina and to a lesser extent iron, as well as trace
amounts of other elements presumably tied up in the
heavy minerals. Mica (probably phlogopite) and very fri-
able grains of kaclinized feldspar are the most obvious
contaminant minerals found in the sieve fractions. These
minerals, and the heavy minerals, can be easily
removed by low cost, large tonnage processing
methods.

Carbon removal is required for the production of sand-
lime bricks or for filler applications, but for silicon metal
production, the presence of carbon is considered a
bonus. Minor abrasion of the sand grains due to screen-
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ing and homogenization of the samples reduces most

of the carbon fraction to <200 mesh. The extraction of
the heavy mineral and mica components of these sands
is considered particularly important to meet the specifica-
tiona of high-value silica market applications. This would
also reduce the amounts of all other contaminants, espe-
cially iron oxides and alumina.

Attrition scrubbing with a defloculant or an acid could
be used to break down the kaolinized feldspars and
separate the kaoclin adhering to the quartz. Done in con-
junction with heavy mineral and mica extraction or high
intensity magnestic separation, this might be the best
processing technicque for specialized silica applications.
The optical properties of the sample tested for filler ap-
plications appear encouraging and indicate that the if
the sands were crushed finer, they might be well suited
for such uses.

Silica Sands in the Hudson Bay Area

The silica sands outcropping along the Red Deer River
appear to have a good potential for beneficiation. Iron
oxide staining at the base of the exposed section repre-
sents a contamination problem, but fortunataly it is not
asscciated with higher concentrations of other con-
taminants. The iron staining may result from partial
leaching of iron sulfide minerals and subsequent
precipitation in present or paleo-vadoge and intermittent
phreatic zones. Similar, but very small-scale, localized in
situ oxidation occurs in sulfide-rich zones which also
tend to have a higher content of organic material,

The lateral and vertical variations in sorting and grain
sizes between the base and the rest of the saction are
typical of continental sediments and probably persist
throughout the deposit. Unless acids are to be used in
the processing of these sands, a mining cperation
producing a particular grain size fraction would there-
fore be advised to map out the vertical and lateral
granulometric stratigraphy.

The Red Deer River sands appear to be well suited to a
number of applications, including specialty silicas. The
area is in close proximity to excellent road and rail
transportation facilities as well as the service infrastruc-
ture in the town of Hudson Bay. Although the raported
occurrence of silica sands on the Carrot River (Beck,
1974) was not investigated, it is believed that these
sands are probably very similar to those along the Red
Deer River. It an occurrence with sufficient near-surface
reserves and drainage also exists in that area, its close
proximity to the Squaw Rapids hydro-electric plant and
transportation facilities might also make it an ideal loca-
tion for high-value silica production.

Silica Sands in the Nipekamew River Area

With proper processing, silica sands in the Nipekamew
River area could yield suitable material for most silica
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sand applications. Their semi-remote location may
prohibit their early development for the low-value silica
markets; however, there is potential for the high-value
market applications. They may contain sufficient
material to warrant the separation and accumulation of
the >1.52 cm fraction for use in silicon carbide produc-
tion as a supplementary activity. Heavy mineral or high
intensity magnetic separation alone will reduce most of
the contaminants, especially iron and titanium oxides,
and some of the alumina. Attrition scrubbing will be par-
ticularly effactive in improving the quality of these sands.
For high-value silica market applications mica and par-
tially kaolinized feldspar must be removed.

it is suggested that the possibility of small amounts of
goid being present in these sands be considered. The
angularity of the silica grains suggests direct derivation
from Shield rocks during a period of prolionged or in-
tense chemical waathering so that only the relatively
stable minerals have been preserved. Although economi-
cally mineable grades are highly unlikely, goid could be
recovered as a secondary product during the heavy
mineral extraction of a silica benification circuit.

Silica Sands of the Winnipeg Formation

The silica sands of the Winnipeg Formation that outcrop
on Hanson Lake are of high purity. The purity is ex-
pactad to be higher than normal because the rounded
morphology of the grains indicates they have under-
gone considerable sedimentary transport and may be
3rd or 4th generation sands. This transportation process
tends to liberate inclusions from grains as the silica
grains break along plains of weakness and by chemical
leaching of contaminants on grain surfaces.
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Chemnically, the Winnipeg Formation sands are ade-
quate for a number of applications, including silicon
production, specialty silicas, and all types of foundry,
pack, and fracturing sands. These sands can be easily
processed to remove most of the trace amounts of con-
taminants. High intensity magnetic and possibly heavy
mineral separation methods, in conjunction with attrition
scrubbing, should be effective in reducing the titanium,
iron, and alumina contents, as well as some of the less
commaon elements. Aftrition scrubbing with or without
the use of defloculants or acids is effective in reducing
iron (presant in the form of limonite) and alumina
{present in the form of clays) which occur as coatings
on some quartz grains. Attrition scrubbing alone will
also help reduce any carbonate cement that may be
present. Although micaceous minerals were not iden-
tified, some could be present; electrostatic separation
should remove these along with any liberated clay
minerals.

Mineable tonnages of Winnipeg Formation sands could
be extremely large, as they probably outcrop or are at
very shaliow depths over a relatively large area from Des-
chambauit Lake to Amisk Lake. Although the thin, well
indurated dolomite that caps most of the silica sands in
this area would have to be removed by any mining pro-
gram, it would also protect the sand deposits from
mixing with overburden material disturbed by the mining
activities. Most of this area is in very close proximity to
Highways 106 and 167. Excellent rail, energy, and ser-
vice facilities are located at the nearby mining towns of
Creighton, Saskatchewan and Flin Flon, Manitoba.
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Recommandations

The relatively high purity and large reserves of silica
sands in Saskatchewan warrants in-clepth investigations
to define these reserves as a function of quality, quan-
tity, and stripping to ore ratios. Surface geophysical sur-
veying with follow-up drill coring will be required to dater-
mine reliable reserve estimates and stripping ratios. Ex-
perimentation with correlating the sand quality with
various electric welHogging parameters, including self-
potential, resistivity, natural gamma, and nuclear logging
methods, may prove espeacially useful in reducing the re-
quirements for core analyses during a mining program,
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Comprehensive metallurgical investigations are essential
to define the optimum processing methods to meet a
selected market(s) requirement(s) and should definitaly
include advanced processing methods to meet high-
value silica applications. It is recommended that process-
ing tests be directed toward various attrition scrubbing
methods with and without acids or defioculants, various
heavy mineral separation techniques, high intensity mag-
netic and electrostatic separation, acid leaching, flota-
tion cells, calcining, and chlorination treatments to supp-
ly the top end material for appiications such as high
purity optical fibre and fused quartz production.
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