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Field Trip Stops and Points of Interest (POI)

km Stop or POI UTM NADS83 Coordinates

0 Stop - Lehigh Cement Plant - Edmonton 327759 mE
5939959 m N Zone 12

28 Stop — Inland Aggregates Villeneuve Gravel 314524 mE
Pit 5951225m N Zone 12

99 POl - Genesee Coal Plant (fly ash) 679553 mE
5913853 m N Zone 11

305 POI - Marlboro 514042 mE
5933663 m N Zone 11

345 POl - Obed Mountain 477798 m E
5928259 m N Zone 11

367 Stop — Hinton — overnight — START SUNDAY 459362 mE
AT 8:00 AM 5915962 m N Zone 11

425 Stop = Lehigh Cadomin Limestone Quarry 477644 mE
5872665 m N Zone 11

Locations and km are approximate
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1 Purpose

This trip is meant to introduce or reintroduce attendees to the geology between Edmonton and
Cadomin, Alberta, with a particular focus on the industrial minerals in cement and concrete.

2 Introduction to This Field Trip Guide

A map and list of stops and points of interest (POI) is located behind the front cover of the guide. Points
of interest will be drawn to your attention as we approach and drive past them. The guide begins with
some general information about cement and concrete, and the industrial minerals that form these
valuable construction materials. The guide proceeds into more detailed information organized according
to the list of stops and points of interest (PO!) that is located behind the front cover of the guide.

3 Background

3.1 Cement

Cement is a binding agent made with calcined lime which is mixed with other materials, including sand,
gravel (aggregates} and water. When it sets and hardens, cement forms strong construction materials
including mortar and concrete. Ready-mixed concrete is the dominant product containing cement. The
two major categories of cement are non-hydraulic and hydraulic.! See a “History of Cement” in the
Appendix 1.

Non-hydraulic cement must be used in dry conditions and sets and dries while reacting with carbon
dioxide naturally present in air. Non-hydraulic cement is susceptible to chemical attack.

Lime Cycle

Calcination or burm
CaCOn+ HEAT = CaQ + COz

Ca(OH)2
Calcium Hydroxide

Hydration or slaking
CaQ +H0Q = Ca{OHR + HEAT |

British Lime Association

https://www.google.ca/url?sa=i&rct=j&qg=&esrc=s&source=imgres&cd=8&cad=rjakuact=8&ved =0ahUKEwid6bacbvrOAhUN44MKHUGBARkOjRwI
Bw&url=http%3A%2F%2Fwww.britishlime.org¥%2Feducation%2Flime_cycle php&psig=AFQjCNEIYBzbgup67Vad70Ztafr8yzUqtgBiust=147325433
6235148

! “Cement Made Simple” http://www.cement.cafen/Cement-Manufacturing.html; last accessed August 29, 2016,



Hydraulic cements (e.g., Portland cement) will set in wet conditions. The cement hardens due to a
chemical reaction between the dry ingredients and water that forms mineral hydrates with low
solubility. Hydraulic cement is much less prone to chemical attack than non-hydraulic cement.

Portland Cement: see Appendix 2 “The Right Mix for the Job” from the Cement Association of Canada

(http://www.cement.ca/en/Manufacturing/Types-of-Portland-Cement.html; last accessed August 29,
2016)

3.2 Materials for making cement:

3.2.1 Clinker

The raw materials used to produce cement are calcium carbonate, silica, alumina and iron oxide. The
calcium carbonate is usually from limestone (in some cases marl) and the other components are derived
from clay, shale, sand, fly ash and iron ore. The ideal “cement rock” is rarely found, but highly desirable,
with the following composition:

77 to 78% CaCO;,
14 % SiO,,

2.5 % Al;O4

1.75 % Fe 03

<3 % MgC0O3
<0.4 % NaO

0.3 % K:0

Clinker is the solid material with the appropriate chemistry required for the production of cement.
Clinker is ground up and mixed with gypsum and/or other materials and sold to the customer.

o Lime or calcium oxide, Ca0: from limestone, chalk, shells, shale, or calcareous rock

= Limestone from sedimentary rocks of marine origin is the most common source
because it is relatively ubiquitous?

o

Silica, Si02: from sand, old bottles, clay, or argillaceous rock

i

Alumina, Al;Os: from bauxite, recycled aluminum, clay

(]

Iron, Fe:03: from clay, iron ore, scrap iron, and fly ash

*  Flux that lowers the melting point of silica

2 Macfadyen, John D. “Cement and Cement Raw Materials” in Industrial Minerals & Rocks: Commadities, Markets, and Uses 71
Edition, Edited by Jessica Elzea Kogel; Society for Mining, Metallurgy, and Exploration (U.S.) (2008).
2 Macfadyen, John D. “Cement and Cement Raw Materials” in Industrial Minerals & Rocks: Commodities, Markets, and Uses 71"
Edition, Edited by Jessica Elzea Kogel; Society for Mining, Metallurgy, and Exploration {U.5.} {2006).



Setting Agent

o Gypsum, CaS0,.2H,0: found naturally occurring or product of flue-gas desulfurization

*  Regulates the setting time of the cement

Compounds in Clinker Formula Shorthand % by
form weight!
Tricalcium aluminate Ca:Al:0¢ CiA 10
Tetracalcium aluminoferrite CaqAlFe;04 C.AF 8
Belite or dicalcium silicate Ca,Si0s C.S 20
Alite or tricalcium silicate CasSi04 C3S 55
Sodium oxide Na:0 N Upto2
Potassium oxide K:0 K
Gypsum CaS504.2H:0 CSH: ]

http://www engr.psu.edu/fce/courses/ce584 /concrete/library/construction/curing/Composition%200f%20cement.htm; last
accessed September 6, 2016

Cement manufacturers adjust the quantities of cement making materials to control the compounds in
the clinker and the properties of the cement.

3.2.2 Carbonates

The following section is summarized from Freas et al, “Limestone and Dolomite” in Industrial Minerals &
Rocks: Commodities, Markets, and Uses 7" Edition, Edited by Jessica Elzea Kogel; Society for Mining,
Metaliurgy, and Exploration {U.5.) (2006).

Carbonate rocks constitute about 15% of the earth’s sedimentary crust. Limestone (primarily formed of
calcite) and dolomite are by far the most commonly produced carbonates for industrial purposes. Most
carbonates mined are processed into cement and aggregates. Dolomite is better for aggregates as it is
harder than calcite.

The colour of carbonate rocks does not correlate with mineral purity — only a small amount of impurities
can dramatically affect colour. The Palliser imestone we will see at the Cadomin Quarry is generally dark
grey and brown and the colour is likely a result of carbonaceous material {i.e., organics) and iron oxide.



Table 1. Physical properties of some common carbonate minerals

Mineral Physical Pmpnfﬁu Commen Color

Calcite {CaC04) Hexogena! crysial system, 1z hombohadral Coloress or whita but may bs ather colors bacauss of
cleavege. Mohs hardness, 3; spu:lilc gmvny, 272 impurities

Dolomile (CoCD3eMgCOs) Hemgonul crysial system bohedrol crystals  While or pink
;nB?:urved faces. Mohl herdness, Jg-d 0 specific gr:mty

Aragonite {CaCO3) Orthorhombic crystal system. Mohs hardness 3.5-4.0; Colorlass, while, or yellow, but may ba ather colons
specilic gravity, 2.93-2.95, ause of impurilies

Siderite {FaCO3)
Ankerite [CaZMgFelCCl)
Magnesite MgCO3)

Hexcqonal cryslol ay:!omho;:mnly distorted rhombohedra!

s. Mohs h

=rym:

Ul o

hcrdneu, 3 5—4 0; spocific gravity, 2.9.

Hexagonal, usally in granular or oaihy masses. Mohs hardness,

3.5-4.5; spacific grovily, 2 96-3.1

fic gravily, 3.7-3.9
ly d\oml:ohodml crystols, Mohs

impuri

Brown or black
White, pink, or groy

White or ysllowish but may be other colors because of

Original compenents not bound Original | Deposit- ::;"9;';;"‘;:;3":;:& o:;rgg';‘:i":‘l"';'gg::':’“
together during depasition memn'ﬁn— l;:::rle during deposition during deposition
Comains lime mud Lacks mud| bound not >10% grains >2mm |Organisms |Organisms |Organisms
" and is together recogniz- act as encrust build a
Mud-supported G’-‘*"'_‘t' o orein able Matrin  [Supported| batfles |andbind | rigld
Less than | Mare than | - PP°™®°| supported supported [ by > 2mm framework
10% 10% Crystalline campon-
grains grains carbonate —
Mudstone (Wackestone| Packstone | Grainstone |Boundstone| Crystalline | Floatstone | Rudstone |Batfle stone | Bindstone |Framestone
——
f o % g S B e =[5 s P4
== ) =)
o ﬁ o7 = =T |967 %? ==
< o 0@ @/& =Yz g -
o o lzasZ N thelth e

Dunham’s (1962) carbonate classification scheme with Embry & Klovan (1971} modifications. From Tucker, Maurice E., 1991:
Sedimentary Petrology: An Introduction to the Origin of Sedimentary Rocks, 3rd ed., p.129.

The depositional environment and postdepositional history of the carbonate sediments affects the size,
shape, purity, and other economically significant characteristics of the carbonate rock deposit. This is 2
great topic for discussion with our field trip mates!

See Alberta Geological Survey Publication Special Report 102 for an assessment of the distribution and
potential of current limestone and dolomite prospects in the Alberta Foothills and Front Ranges outside
of parks, First Nations lands, and current mineral tenure areas.’

* Krueger, K., Kluczny, P. and Dahrouge, J. (2016): Limestone and dolomite prospects for industrial use in
the Alberta Foothills and Front Ranges; Alberta Energy Regulator, AER/AGS Special Report 102, 16 p.
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3.3 Setting of Portland Cement

The following is summarized from Michel Michaux et al. “Cement Chemistry and Additives”
Schiumberger Qilfield Review Vol. 1 No. 1 (April 1989)

Aluminates and Gypsum
Aluminates react most strongly at the beginning of hydration and the reaction rate affects how the

cement flows. The reaction is fast and is slowed down by using gypsum to prevent “flash set” which is
the premature stiffening of the cement. The gypsum dissolves in the water releasing calcium and
sulphate fons that react with the aluminate and hydroxyl ions released by the aluminates to form
trisulphoaluminate hydrate (ettringite). Ettringite precipitates onto the aluminate grains and stops
further hydration. Cement low in C3A is sulfate resistant

2C:A + 27H = C;AHg + CaAH3s -2
2C3AH; (calcium aluminate hydrate) + 15H

Mg decreasing Mg increasing
- - = —
1.30 3:10 1:3 13 31 104 301
g o U 350 %00

+ 3.5%00

SALINITY

FIGURE 6.13 The preferred fields of
accurrence of dolomite, calcite,
magnesian-caleite, and aragonite plotted
as a function of salinity and Ca/Mg
ratios. Note that dolomite can putatively
= .35 %00 form at progressively smaller Mg/Ca
(350 ppm) ratios with decreasing salinity owing to
stower crystallization rates and relative
scarcity of competing foreign ions at low
sahnities, [After Folk, R. L, and L. S.
Land, 1975, Mg/Ca ratio and salinity: Two
controls over crystallization of dolomite.
ot ! L ! 1 : 35 ppm Am. Assoc. Petroleum Gealogists Bull, v.
1:10 13 iN a 101 0 .
59, Fig. 1, p. 61, reprinted by
Mg/Ca (meq) permission |

From Boggs, Sam, Jr. 2012, Principles of Sedimentology and Stratigraphy, 5" ed., Upper Saddle River, New Jersey: Pearson
Prentice Hall, p. 157,



FIGURE 6,14 The prnncipal
enviranments in which postdepoitional
modification of carbonate sedimants
opecurs. The deminant diagenetic
processes that occur in each of the major
diagenetic realms are also indicated. See
text for details [From Moare, C H., 1889,
Carbonate diagenesis and porosity.

Fig. 3.1, p. 44, reprinted by permisston of
Elsevier Science Publishers, Amsterdam. |

AUTD CEHERTATI N

ﬁ

DESDLUTION BANINAL CEMENTRIION
HRES

From Boggs, Sam, Ir. 2012, Principles of Sedimentology and Stratigrophy, 5 ed., Upper Saddle River, New Jersey: Pearson
Prentice Hall, p. 155.

Silicates

The silicates (approximately 80% of Portland cement) react with water to form calcium silicate hydrate,
which is largely amorphous (also known as C-5-H gel) and gives the cement its strength. The C-5-H gel
will coat the silicate grains reducing hydration until the permeability of the gel increases, growing the
rate of hydration. Calcium hydroxide is called portlandite and saturates the cement’s aqueous phase
increasing the pH to between 12.5 and 13.

Tricalcium silicate, C35:

Hydrates and hardens rapidly. It is largely responsible for Portland cement’s initial set and early
strength gain.

265 + 6H = C3SzHs {calcium silicate hydrate) + 3CH (calcium hydroxide aka portlandite)

Dicalcium silicate, C;5:
Hydrates and hardens slowly. It is largely responsible for strength gain after one week.

26 + 4H = C3S;Hjs (calcium silicate hydrate) +CH (calcium hydroxide aka portlandite)

Flux

Ferrite is a fluxing agent which reduces the melting temperature of the raw materials in the kiln {(from
1650 °C to 1425 °C). It hydrates rapidly, but does not contribute much to strength of the cement paste.
Tetracalcium aluminoferrite (CaAF} is present in clinker because of the need for flux in cement making.
C:AF hydrates similar to aluminate as described above.



3.4 Pozzolans and Supplementary Cementitious Materials (SCM)

Unless otherwise indicated, the following is summarized from Hoffman, Gretchen K. “Pozzolans and
Supplementary Cementitious Materials” in Industrial Minerals & Rocks: Commodities, Markets, and Uses
7" Edition, Edited by Jessica Elzea Kogel; Society for Mining, Metallurgy, and Exploration (U.S.} (2006).

Pozzolans and SCMs are natural or artificial materials that are either substitutes for traditional cement
making materials or are additives used to enhance certain chemical or physical properties of cement and
concrete.

Pozzolans are siliceous, or siliceous and aluminous materials which, in themselves, possess little or no
cementitious value but which will, in finely divided form and in the presence of water, react chemically
with calcium hydroxide at ordinary temperature to form compounds possessing cementitious
properties. Volcanic ash — tuff, opal, diatomaceous earth and some clays and shales are natural
pozzolans. Most naturai pozzolans are processed by either grinding or calcination to improve their
reactivity.

5CMs are finely divided and non-crystalline or poorly crystalline materials similar to pozzolans that
possess latent cementing properties that are activated in the presence of Portland cement and water.
5CMs include ground, granulated blast furnace slag (GGBFS) and high-calcium fly ash. Blast furnace slag
is a byproduct of pig-iron production and fly ash is a byproduct of burning coal.

Table 1. Physicol and chemical properties of pozzolons and 5CMs

Ground, Granvlated
8lost Furnoce Slog Fly Ash {Class C

Propartias Silica Fume IGGBFS) and Class F} Calcined Clay, Shale Diatomite Rice Hull Ash
Physical Very fine, liny spheres  Angular, ground fo  Fine-grained, <45 pm rough texture  Very finegrained |1 pm).  Highly cellvlor,

|07 pm), high awface <Ag pm spherical, <45 pm  bacause of grinding Por:un skaletal rcmurm crogalliz\g large surface

area—acts as filler of singlecall plants araa, >45 pm
Chamicel Amorphaus silica Silicate glass, high  Aluminasilicate Aluminasilicots glass;  Amorphous silica Pure silica

in colcium may conlain quortz, nencryalnliina

feldspor, mica

Adopied from Malhatra and Mehto 1994; Lohtia ond Joshi 1995,

Table 3. Notural and ariificial pozzolans and SCMs classified by

reachivity

Dsgruo of Reactivity Moterial

Comantitious and pozzelanic GGBFS {cemanlitious)
High-calkeium lly ash {cemenititious and
pezzolanic}

Highly active pazzolons Silica hume
Rice hull {or husk| ash from electrical
genaration

Norma! pozzolans tow-calcium fly osh
Natural pazzolans—clay, shals,
diatomote |c:'t|'|, :W"’ u:h-m

Weok to very weok pozzolans Slowly cooled blast fumace slag
Botiom ash
Boiler llug

Fiald burnt rica holl osh
Adapled from Malhotra and Mehta 19946,




Table 8. Effects of pozzolons and SCMs on the performance of concrate

Fly Ash Caldned Clay,
Property Stlica Fumne GGBFS {Cless € and Class F) Shale Diatomite Rice Hull Ash
Woaler demand Depends on mixure  Decreases Gererally Increases kncr eases becouse  Increases
dacreases; with of microporasity
higher % LOI and
coane | >45 pm)
particles, increases
Workability Doirvms, becomes  Improves Improves mproves Unknawn Improves
shic
Flow of pour Decreases Increares Increases Unknown Unknawn Unknawn
Compressive High comprassive Lower during first 3~ Increases slower Incroases with fime,  Increases with tims,  Maderately high,
strangth strangth ofteined in 7 days. By g!! . thon normal; with slowee than slawer than greatar than portiand
same fime o3 meets of excesds time [+&0 days), pertiand cemend portland camant cemaent
portiand cement srength of porfland  exceeds strength of
cemani. nd coment
Durability Incrense Increases Incracsas Incraqses Incraases Increases
Heai of hyd Accel Lower Lewar, Bxcept in Lowaer Lower Same a1 porflond
lemperature sise in high-calcivm fly ash cement
first 72 hours
Air inment I d d  Increcss demand Higher % LO1, Unknown Unknown Increases demond
ogent greater demand
ASR rasiah ; Increases Increcses Increases Incrsases Incraases
Sulfate resistance Increases becouse  Increcies Increases with Increases Increases Increases
of refined pore Class F fly ash
shtuchira
Blesding of Lower than normal;  Generally bower Ganenally lower Lower thon poriand  Lowar thon partland  Negligible difference
hydrated lima, increasss potenticl cement camant
CLIOHI: for cracking

Adapied from Malhotra and Mehta 1994; Lohtia and Joshi 1995,

Additives for Well Cement

Cement additives, which number more
than 100, can be grouped inlo eight major
calegories:

Acceleralors reduce cement selting time
and speed up the development of compres-
sive strength. They are commonly used in
shallow, low:lemperalure wells.

Retarders exlend cement selling lime
and allow sufliciept time for sldrry. place-
ment in deep wells.

Extenders reduce cement density and
may also reduce the amount of cemant
needed for a job. Low-density cement is
needed for cemenling weak format'ons,
which would otherwise bireak down and
cause |ost circulatiop.

Weighting agents increpse cement densl-
1y, These are used for,cemept|ng high-pres-
sure farmations, which might become
unstabla if slurry density:were 100 low,

Dispersants returce ie yiscosity. of
cement slurry and ensure gaod mud
remival during placement.

Fluld-lods contro) agents (FLact) control
waler |dss from the cament iplo the forma-
tian.

Lost-circulation conlrol agents reduce
the loss of cement slurry into weak or
vuggy:formalfons. Loss of cement may
necessiate a costly, remedial cementing
operation.

Special additives, such as antifoam
agents and fibers, are manidactured for
specific cementing tasks, such as the pre-
vention of foaming that might lead 10 a loss
In-hydraulic pressure,

Miche! Michaux et al “Cement Chemistry and Additives” Schlumberger Oilfield Review Vol. 1 No. 1 (April 1989).

3.5 Global Cement Industry

Cement production increases during times of economic and population growth, and due to private and
government spending on infrastructure (which may coincide with economic downturns). Marketing the
advantages of concrete to spending agents, and financial or other support to concrete suppliers may add
to the growth of cement production.”

* Macfadyen, John D. “Cement and Cement Raw Materials” in Industrial Minerals & Rocks: Commodities, Markets, and Uses 7th
Edition, Edited by Jessica Elzea Kogel; Society for Mining, Metallurgy, and Exploration (U.S.) {2006).



The raw materials used to make cement are evolving to include more recycled “wastes” from other
industrial processes and additives like pozzolans and supplementary cementitious materials to
customize the properties of the cement.

In 2015, approximately 4.6 billion tonnes of cement was produced globally. Only Canada and Japan saw
a decrease in production from 2014 to 2015.5

Future trends in the industry appear to be in processing technology: automation of process controls,
larger kiln and mill systems, and more efficient grinding systems. Additionally, substituting pozzolans
and SCM to reduce 50; and NO, emissions, and industrial by-products to reduce CO; emissions from the
calcination of limestone is growing. Consolidation of smaller companies into larger international
companies is a trend that has already been observed.”

Main world producers - The G20 Group

Cemant production {(Million tonnes)

Country 2001 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
China 6610 13812] 13884 1844.0[ 18819] 20632 21370 2359.0| 2 438.0| 2 350.0
india 1w29| 1705| 18s0| 20s0f 2200] zvon| 20| 2r20| 2800| 2700
Eurppean Union 2258| 289.1| 2508| 209.0] 1821 1918| 1705 157.5| 1658 t720| e
usA seg| oss| esa| s3s| es2] ess| 7veo| 772| 832| B34
Brazil 0.4 4589 518 57 591 83.0 880 719 124 70| o
Turkay 30.0 493 514 54.0 7 B34 638 708 726 728
Rusalan Faderation 28.7 509 535 M43 504 58.1 5310 556 B88.4 88.0|p
Japan 795| 714| e76] so8] 568| 564 s3] B1.7] 619 569.5
Korea, Rep, of s20] s22| 51.7] S0 474] 82| 469| 43| 40| 4a]p
Saudi Arabia 200 303] aJva| 37e] 425 480| 43p| 480| 518 sen|p
indonesla Ja 350 385 368 < F-1 452 535 520 542 544| P
Mexico 12| 3sa| 371| 351| 345 354| 388] 370| 394| 400|p
Germany 321 34 116 0.4 299 335 324 ns kv 320| e
Naly 3986 47.5 43.0 383 34 4 33.1 262 231 214 208
France 18.1 221 212 181 180 19.4 180 17.5 164 158
Canada 12.1 151 137 1.0 124 120 125 121 128 125
Arganting 65 sl a7 84| w04] ng| wF nel 18| 122
Souith Africa 84 3.7 12.4 e e 12 1238 149 1348 1401 p
Austraila 6.6 92 9.4 8.2 a3 [X] 88 86 a0 91| p
Uinked Kingdom 19 126 105 TE 78 BS 78 as 82 98| e

Notes: p: Preliminary - «: Estimate

6 cemBUEAU Activity Report 2015 http://www.cembureau.eu/sites/default/files/AR2015.pdf; Last accessed August 28, 2016.

" Macfadyen, John D. “Cement and Cement Raw Materials” and Hoffman, Gretchen K. “Pozzolans and Supplementary
Cementitious Materials” in Industrial Minerals & Rocks: Commodities, Markets, and Uses 7" Edition, Edited by Jessica Elzea
Kogel; Society for Mining, Metallurgy, and Exploration (L1.S.) (2006).
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World cement production by region - Evolution 2001-2015
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Source: CEMBUREAU

CEMBUEAU Activity Report 2015 http://www.cembureau.eu/sites/default/files/AR2015.pdf; Last accessed August 28, 2016.

3.6 Canadian Cement Industry

The following section is summarized from the Cement Association of Canada.?

The Cement Association of Canada has eight member companies operating 16 cement plants and 45
distribution centers that produce over 98% of the cement consumed in Canada. Vertical integration is
common in the construction industry with companies having cement, ready mix concrete, aggregate,
and construction divisions.

2012 Statistics:

Members produced over 13 million tonnes of cement, worth more than $1.6 billion.

3.4 million tonnes were exported, mostly to the U.S.

Employed over 27,000 Canadians in the production of cement, ready mix concrete, and concrete
construction materials.

1,100 plants nation-wide produce concrete products, such as ready-mix concrete, pipes, pre-
cast structures, bricks, and blocks

8 http://www.cement.ca/en/Economic-Contribution.html, last accessed August 28, 2016.
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¢ Approximately 28.1 million cubic metres of concrete (about one cubic metre per Canadian) are
used each year in construction projects to:
o pave roads, highways, sidewalks, and parking lots
o build homes, apartments, and office towers
o construct sewers and water treatment facilities

o build storage and waste management facilities for agriculture
build bridges, ports, airports, dams, power plants, and oil wells

Alberta has two cement plants: Lafarge {Exshaw) and Lehigh Hanson (Edmonton) with 2.466 million
tonnes annual clinker capacity.

3.7 Portland Cement Concrete

The following is summarized from Hack and Bryan “Aggregates” in Industrial Minerals & Rocks:
Commodities, Markets, and Uses 7*" Edition, Edited by Jessica Elzea Kogel; Society for Mining,
Metallurgy, and Exploration (U.S.) {2006).

Portland cement concrete is a strong, durable, construction material formed when Portland cement
hardens around coarse and fine aggregates. Aggregates are strong, hard, durable, sound, inert particles
that are used alone or combined with a binding agent to achieve a purpose, commaonly construction.
Sand and gravel and crushed stone are common construction aggregates. Aggregates make up between
70 and 80% of concrete by volume or 75-85% by weight.

Concrete mixes are adjusted by varying the water to cement ratio, adjusting the combination of coarse
and fine aggregates, and adding admixtures that reduce water demand, increase strength, slow or
increase the rate of setting, reduce heat of hydration, decrease permeability and shrinkage, increase
durability and frost resistance, and for colour. The aggregates must be combined properly for a dense
mixture with minimal void space — void spaces are filled with set cement.

Aggregate properties important to concrete are hardness, durability, soundness, absorption, specific
gravity, surface texture, particle shape, cleanliness, size and grading, and chemical inertness.

The manufacture of cement, concrete, and concrete products in Canada is governed by a variety of
Canadian Standards Association (CSA) standards. These standards form the backbone of the National
Building Code of Canada (NBCC) and of provincial building codes.?

9 http://www.cement.ca/en/Codes-and-Standards.html; last accessed September 11, 2016
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3.8 Geological Setting of Limestone in West-Central Alberta

Limestone is found in all provinces in the Western Canada Sedimentary Basin. Huge reserves of
limestone are exposed in Cambrian, Devonian and Mississipian formations in the Rocky Mountains and
Foothills of Alberta (Holter, 1976}, as well as in Devonian strata in the northeast along the Athabasca
and Clearwater rivers. Commercial production to date is within the Cadomin, Nordegg, Rocky Mountain
House, Exshaw, Crowsnest Pass and Fort Mc Murray regions.

Within the Rocky Mountain and Foothills, the Exshaw and nearby Gap quarries produce limestone from
the Devonian Palliser Formation. The Summit Lake quarry in Crowsnest Pass produces from the
Carboniferous Livingstone Formation. The Fish Creek guarry near Nordegg and, the Cougar Ridge and
Clearwater quarries near Rocky Mountain House, utilize equivalent Carboniferous strata of the Pekisko
Formation. Formerly, the Cambrian Eldon Formation was a scurce of limestone at Kananaskis.

Limestone in the Cadomin area is actively quarried at one of two quarries located in Nikanassin Range.
The active McLeod quarry target two separate belts of exposed Palliser Formation for high-calcium
limestone. Some exploration and development has also occurred in the Briilé/Folding Mountain area,
targeting high-calcium limestone of the Mississippian Pekisko Formation of the Rundle Group, where an
approximately 18 m thick interval of high-calcium limestone was identified (Krueger, K., Kluczny, P. and
Dahrouge, J., 2016).

In the northern part of the Rocky Mountains and Foothills of Alberta, limestone is known to occur within
both Paleozoic and Triassic sequences. Paleozoic limestones are described in the Upper Devonian
Fairholme Group and Palliser Formation, Upper Devonian to Lower Carboniferous Banff Formation, and
Mississipian Rundle Group. Limestone units of the Palliser and Banff Formations, and the Rundle

Group are exposed by the Folding Mountain Anticline.

3.8.1 Rundle Group

The Rundle Group (Mississipian) comprises the Mount Head and Livingstone formations in the
Mountains and the Turner Valley, Shunda and Pekisko formations in the foothills and plains. In west-
central Albertz, the Rundle Group, comprises shallow-marine platform and ramp carbonates which
prograded westward over deep water shales and carbonates of the Banff Assemblage. The lower Rundle
Group is subdivided into the transgressive carbonate Pekisko Formation, and two regressive successions
of restricted-marine carbonates and subordinate anhydrite of the Shunda and Turner Valley formations.

3.8.2 Banff Formation

In west-central Alberta the Banff Formation is a heterogeneous association of carbonates and fine-
grained siliciclastics deposited on poorly differentiated carbonate platforms. The Banff Formation (168
m) is divided into four units: a bottom recessive unit {~120 m); a unit of interbedded crinoidal and silty
limestone {~15 m); a middle-upper unit of argillaceous limestone (~46 m}; and an upper unit of siltstone
and silty limestone (~9 m} (Mountjoy, 1959}. Westward, the uppermost Banff Formation grades laterally
into the Rundle Group.

3.8.3 Palliser Formation

The Palliser Formation (Late Devenian) in west-central Alberta consists mainly of outer shelf and basinal
carbonates of the Sassenach Basin, The Palliser Formation (180-240 m) consists of massive dark-grey
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and dark-brown, fine- to medium grained limestone with thin intervals of dolomitic limestone, dolomite,
calcareous shale and chert. The Palliser Formation is divided into the Morro and overlying Costigan
members, which are separated by an unconformity.

Morro Member: dominated by carbonates with significant lateral facies variations.

Costigan Member: consists of open-marine fossiliferous limestones and shales, with local
evaporitic sedimentation.

4 Detailed Stop and Point of Interest Descriptions

4.1 Stop - Lehigh Hanson Cement Plant — Edmonton

The Edmonton Cement Plant opened in 1956. Limestone from the Cadomin Quarry is railed
approximately 306 km eastward to the Lehigh Hanson Cement Plant in Edmonton where it is processed
with clay from a local clay pit to form clinker. The clinker is then milled with fly ash, limestone, and
gypsum in varying amounts to create a range of cement products.

LEHIGH

e
HEIDELBERGCEMENT Croup

Limesione Train
Local Clay Quarry

Additive Slios
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4.2 Stop - Inland Aggregates Villeneuve Gravel Pit

See Appendix 3 for a description of the geology of the Villeneuve sand and gravels from Edwards et al.
“Sand and Gravel Geology and Resources: A Field Trip to Recent Alluvial, Quaternary Glaciofluvial and
Preglacial Fluvial Deposits Near Edmonton, October 2, 2001” AGS, EUB.

The map below shows the Villeneuve area gravel deposits in the black outline. The grey shaded areas
are zoned for aggregate extraction. Note how much of the gravel deposits are sterilized as a result of
public concern over the number of gravel pits in the region. However, the zoning does provide certainty
to gravel producers that they will not be prohibited from expanding into areas zoned for extraction.’®

Railway right of way

4.3 Point of Interest — Genesee Coal Mine and Electricity Generating Station

The following information is from the Westmoreland Coal Company;

http://westmoreland.com/location/genesee-mine-alberta/; last accessed Sept. 8, 2016

10 pggl, R.D. (2004) Sustainable Development of the Aggregate Resources of Alberta. University of Alberta,
Edmonton, Alberta.
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The Genesee Mine is a 7,378 ha surface strip mine located in Central Alberta north of the Town of
Warburg and south of Lake Wabamun. The mine operates two active pits and supplies sub-bituminous
coal to the three units at the Genesee Generating Station which are owned by Capital Power and
TransAlta Utilities and operated by Capital Power. The mine has been supplying coal to the station since
1988 and is the newest mine in the division.

Coal is uncovered using the two draglines (1 — M8750; 1 — M8200) and a pre-stripping fleet {1 — P&H
4100, 3 — 830E's, 1-Cat 789). The exposed coal is hauled directly from the mine to the generating
station. Current annual production of the mine is more than 5.0 million tonnes. The mine is a joint
venture between Capital Power and Westmoreland and the contract runs for the Life of the Mine.

Genesee Mine won the 2008 Alberta Chamber of Resources Major Reclamation Award for Land
Reclamation. The —

mine has also been
1SO 9001 and 1SO
14001 certified since
2001.

Geology of the Genesee Coal Mine Area

The Genesee Mine is one of two active coal mines in the Lake Wabamun area that are mining coal from
the subcrop edge of the Ardely Coal Zone in this region.
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The bedrock geology consists of Paleocene, non-marine, coal-bearing rocks of the Paskapoo Formation
and Scollard Formation. The coal deposits of Genesee belong to the Ardley Coal Zone of the Scollard
Formation,

The Paskapoo Formation forms most the overburden above the coal zone and consists dominantly of
grey-coloured salt and pepper sandstone. Beneath the Paskapoo, the Scollard Formation consists of
interbeds of finer grained clastics and coal. The coal seams are separated by interbeds of sandstone,
siltstone, mudstone, bentonite, and concretionary horizons. The mineable resources come from the
Lower Ardley B coal zone (Figure 3). The coal seams in the Lower Ardley A are uneconomic. Three
mineable seams are present in the Lower Ardley B and are locally named, from top to bottom, High
Seam (HS), Upper Main seam {UM}, and Lower Main seam (LM).
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Stratigraphy of the Genesee, Highvale, and Paintearth Mine areas. Note the Scollard Member was
elevated to formation status by Gibson {(1977).

Gibson, D.W. (1977): Upper Cretaceous and Tertiary coal-begring strata in the Drumheller-Ardiey region,
Red Deer River valley, Alberta. Geological Survey of Canada, Paper 76-35, 41 p.
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Genesee Generating Station

http:/fwww.capitalpower.com/penerationportfolio/CA/Genesee/Pages/default.aspx

The three units at Genesee are responsible for providing more than 1,200 megawatts (MW) of base load
power to the Alberta electricity grid. Electrical power is generated from burning more than 5.0 million
tonnes of thermal coal supplied annually from the adjacent Genesee mine. A valuable byproduct from
the burning of coal is fly ash, the mineral matter in the coal that remains after combustion.

Genesee Fly Ash

Fiy Ash and Bottom Ash are produced as a byproduct of the Genesee Facility and used as ingredients of
cement and concrete products. As well they may be used as filler in asphalt and may be present in other
products widely used in construction. Fly ash is also often used for soil stabilization. The composition of
the fly ash is dependent on the constituents of the coal burned and may vary for this reason.

Coal from the Genesee Mine generally contains
more than 15% ash. Approximately 99.5% of the
ash is recovered. Fly ash is sold to the cement
industry for use as an additive in the
manufacturing of Portland cement.

Fly ash is a dust-like byproduct formed from coal combustion with a consistency similar to talcum
powder. Fly ash from Genesee Unit 1 and Unit 2 is separated from the flue gas using an electrostatic
precipitator (ESP). The ESP, which is about the same size as a large apartment building, uses static
electricity to capture fly ash which is then vibrated off and collected in large hoppers or bins.
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Fly ash from Genesee Unit 1 and 2 has been used in concrete for construction of airport runways, roads,
and building construction. Unsold ash is transported and stored in licensed landfills within the Genesee
Mine.

4.4 Point of Interest — Marlboro

See Appendix 4 for “"MARLBORO: Lonely Chimney in the Muskeg”
(from Mussieux, R. and Nelson, N.{1998). A Traveller’s Guide to the Geological Wonders of Alberta. The
Provincial Museum of Alberta, 254 p.)

4.5 Point of Interest — Obed Mountain

L
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Summarized from Westmoreland “About Obed Mountain Mine” http://obed.ca/about-obed/, last
accessed September 11, 2016.

The Obed Mountain Mine is a thermal coal mine {7,460 ha) that opened in 1984 and ceased production
in 2012. When it was operating, coal was exported internationally via Vancouver - currently the mine is
not operating and is under reclamation because overburden thickness and depressed coal prices makes
the coal uneconomic to recover. There are still 2.6 million tonnes {proven} and 84.7 million tonnes
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(measured resources) of coal remaining in situ. The plant has a production capacity of 3.2 million tonnes
of coal per year (0.2 million tonnes produced in 2012).

When operating, the mine utilizes a dragline and
shovel to remove the overburden, with the shovel
loading the coal onto haul trucks. Coal is hauled to
an adjacent processing plant, where it is crushed,
cleaned and dried. From the processing plant, the
coal is sent to a storage and rail-loading facility by
an 11 km-long conveyor for further transportation
by rail to port.

Water management practices were developed to
divert clean surface runoff water around the mine
area; these systems are referred to as primary
drainage systems.

Water from the mine pits and mine spoils are
managed separately by systems referred to as
secondary drainage systems, designed to ensure
safe, stable, and efficient operations and minimize
any adverse affect of sediment-laden drainage
from the mine on the water quality of the natural
surface water.

The containment ponds at the Obed Mountain
Mine contain ground water and water used in the process of washing coal. Coal is washed to remove
matter such as rock and clay. The ponds contain water, mixed with naturally occurring material, mainly
clay, mud, shale, and coal fines. The containment ponds are used to settle out the solid material from
the water, and the water is typically recycled into the coal wash plant.

When water reaches the containment ponds, a flocculant - an organic substance — typically is added to
help settle clay, dirt, and other sediment. Flocculants are commonly used to help purify drinking water.

Reclamation activities have been conducted within the mining area, in accordance to applicable
regulations. As at Dec. 31, 2012, the mining areas and facilities measured approximately 1,911 ha.
Approximately 624 ha, or 33% of the total mine area, has been reclaimed and converted to permanent
vegetation, lake development, and commercial forest.

The mine was staged down in 2003 due to depressed coal prices and reopened in 2009 when prices
increased. If the economics are right in the future, perhaps coal will be mined from Obed Mountain
again.

The following is from Macdonald, D.E., Langenberg, C.W. and Gentzis, T. (1989): A regional evaluation of
coal quality in the foothills/mountains region of Alberta; Alberta Research Council, ARC/AGS Earth
Sciences Report 1989-02, 76 p.
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The Obed-Marsh coal zone lies at the top of the Paleocene Paskapoo Fm. The coal is subbituminous A to

high volatile bituminous C in rank.

Depositional environments

The prerequisites for accumulation of thick peat
deposils are: 1) an adequate supply of plant matter, 2)
a balance between the groundwater level and peat
surface, and 3} the absence or limited presence of
detrital clastic sediments {Teichmuller 1982). Peal ac-
cumulation can cccur adjacent 1o river systems with
well-developed floodplains (Jerzykiewicz and McLean
1980). However, McCabe (1984) poinls out that it is
unlikeiy that thick, low-ash peats will accumutate ad-
jacent 1o such an environment because ol the almoslt
continuous flooding events lypical of such systems.
However, coals found in an alluvial setting may have
formed in swamps that were prolected in time and/or
space from such clastic flooding events. Several
authors have recerdly suggesied that raised swamps,
with their upward domed shape and very low ash and
sulfur contents may expiain how swamps could be
spatially protected.

The depositional environments surrounding the
Obed-Marsh coals are separable into three
time/lithostratigraphic units: 1) clastics which immedi-
ately preceded the coal-lorming time, 2) interburden
clastics, and 3) the coal zone itself.

The clastics that were deposited immediately prior
1o coal formation are part of the largely non-coal-bear-

1
features) AGS DIG 2004-0034,
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ing Paskapoo Formation, Several excellent roadcut
exposures of this unit can be tound along the road to
the Obed Mountain mine (section OM3, figure 42).
Such exposures show typically fine- to medium-
grained sandstones and several channel features
such as lateral accretion bedding; farge-scale, trough-
cross stratification; scoured and pebble-based chan-
nels. slacked channels; peal mais al the base of
channels; and upward fining sequences (figure 42).
Regionally, the Paskapoo Formation is largely com-
posed of sandstone and extends over a very wide
area {Green 1972). The previous existence ol a river
system involving braidplains or slightly meandering
sands is a resonable depositional selting for the Pas-
kapoo. Jerzykiewicz (1985) associates the sequence
with an anastomosing river system and aitributes the
coal zone and interbedded clastic sediments to the
fine-grained coaly termination of a major depositional
cycle.

The sedimentological interprelation for the interbed-
ding of clastics with the Nos 1 and 2 seams is il-
lustrated on a representative section from the mine
(section OM1, figure 42), The sequence from the
upper part of the No. 1 seam fo the base of the No. 2
seam records an initial rise in the water table, which
drowned the peat-forming environment, followed by

the introduction of a crevasse splay unit. Small
meandernng fluvial river systems, interrupted by low
water tables and the development ol paleosols, char-
acterize the remainder of the sequence.

The coal-forming environment inlerpretation must
then be consistent with the braidplain interpretation for
the underlying strata and the small fluvial interpreta-
tion for the interburden sediments. Coal petrographic
techniques were used to help establsh an interpreta-
tion for the coal-forming environments of the Nos. 1
and 2 seams. A more complete description ol the coal
petrology can be found in Gentzis et al. (1989).

4,5.2 Gravel

On the top of Cbed Mountain, thereis a
preglacial gravel deposit overlying the Paskapoo
Formation (515 ha).!* This cobble-rich (boney)
deposit is covered by 0.3 to 0.35 m of soil and 1 to
2 m of glacial till overburden. The gravel deposit
has had limited exploration with an excavator and
was measured repeatedly to 3 to 4 m in depth —
the full depth and extent of the deposit is yet to
be determined.

i Edwards, W.A.D. and Budney, H.D. {2009} Alberta Sand and Gravel Deposits with Aggregate Potential {GIS data, polygon



A West Enrly-Mecl Tortiary (Ut d cacassin)

OFR 1994-06 Edwards, W.A.D. and Scafe, D. {1996)
Mapping and Resource Evaluation of the Tertiary and
Preglacial Sand and Gravel Formations of Alberta. AGS OFR
1994-06.

4.6 Stop— Hinton - overnight

Staying overnight at the Econolodge. Group supper at Boston Pizza just across the highway from the
motel. Hot breakfast provided in the breakfast room of the motel. Vans are leaving Sunday morning at
8:00. Lunch on Sunday will be provided to you.

23



4.7 Stop - Lehigh Hanson Cadomin Limestone Quarry
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Krueger, K., Kluczny, P. and Dahrouge, ). (2016): Limestone and dolomite prospects for industrial use in the Alberta Foathills and

Front Ranges; Alberta Energy Regulator, AER/AGS Special Report 102, 16 p.

25



The current mining operation involves drilling, blasting (every 2 to 3 weeks), loading the blasted rock
into rock trucks, and dumping the rock into the ore pass in the quarry floor (see flow diagram below).
Gravity moves the rock down the ore pass (3 m x 3 m with 54 degree slope) approximately 100 m to the
underground crusher. The rock is crushed to six inch minus and dropped into storage bins. From the
storage bins, the rock travels 400 m along a conveyor to the transioad where it is loaded into railcars.
Gravity is also used to advance the rail cars forward by simply disengaging and reengaging the braking
system on the railcars. The limestone is railed approximately 306 km eastward to the Lehigh Hanson
Cement Plant in Edmonton. Although production varies, a typical week might see 300 railcars leaving the
guarry. The mine operates year round employing 15 pecople who are bussed to site from Hinton.

CADOMIN QUARRY
PROCESS FLOW CHART
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Mining in the Cadomin Quarry began in the South Quarry in the 1920s and 1930s. The operation moved
into the North Quarry for two reasons: 1) thicker dolomite was found in the South Quarry as mining
praceeded westward and 2} the next mining phase in the South Quarry required the construction of a
haul road to the top of the mountain whereas the existing road network could be used to access the
North Quarry. After the current phase of the North Quarry is mined out, Lehigh will proceed to mine out
the South Quarry then return to the North Quarry to exhaust the remaining limestone. This mining
sequence maximizes the use of the underground processing infrastructure.
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There is greater than 100 million tonnes of limestone in Lehigh’s mineral lease which equates to a mine
life of approximately 100 years.
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In the belly of the Palliser Fm. - view from
the ore feeder down to the 700 m long
tunnel that leads outside.

The quality of the Palliser Formation
limestone is high with calcium ranging
from 86 to 96 %.!? The calcium content is
consistent throughout the formation and
calcium is not measured as part of the
quality control program. Three higher
magnesium dolomite beds occur in the
Palliser but only one is visible to the eye
near the top of the formation. In the past,
the dolomite beds were mapped using drill cores and by testing for magnesium and then wasted. For
approximately the past fourteen years, Lehigh has had success blending the dolomite with the
limestone. Drill core samples are sent to the cement plant in Edmonton where the magnesium content
of the carbonate rock is measured so that the quarry can blend the higher and lower magnesium
carbonates to even out the chemistry of the material reaching the cement plant. The rock that is railed
to Edmonton typically has the following chemistry:*®

CaCOs 92.32%
Fe:0s  0.16%
Si0; 1.74 %
ALO;  0.34%
MgCO; 3.28%
s0;  0216%
K20 0.23 %

12 Holter, M.E. {1975): Limestone resources of Alberta; Alberta Research Council, ARC/AGS Economic Geology
Report 4, 100 p.
13 provided by Len Broad {Lehigh Hanson Cadomin Quarry Manager)
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North Quarry — 2 additional dolomite beds are below the labelled bed but are not distinguishable by eye

See Appendix 5 for pages 23 to 28 of Holter, M.E. {1975): Limestone resources of Alberta; Alberta
Research Council, ARC/AGS Economic Geology Report 4, 100 p.

In the North Quarry, we can see the Upper Devonian and Mississippian (Carboniferous) carbonate rocks
thrust over the younger Jurassic Fernie Formation shales.
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History of Cement - Cement Association of Canada

What do you think is holding the pyramids together?

Cement and concrete might be synonymous as household terms, but are by nature different: cement, an ultra-
fine gray powder, binds sand and rocks into a mass or matrix of concrete. Indeed, cement is the key ingredient
of concrete.

http:/Awww.cement.ca’fenM anufacturing/History-of-Cement html
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Semantics aside, concrete is the signature material in driveways, patios, basements, and a host of other
Canadian household items. It is also the world's most widely used building material. Annual global production of

concrete hovers around 5 billion cubic yards, a volume approximated by yearly cement production levels of
about 1.25 billion tons.

Concrete's global appeal is not accidental - the ubiquitous, stone-like material is produced from some of the
world's most abundant resources, as is cement.

Early History and Development of Portland Cement

Ever since civilizations first started to build, we've sought a material that would bind stones into a solid, formed
mass. The Assyrians and Babylonians used clay for this purpose, and the Egyptians advanced to the discovery
of lime and gypsum mortar as a binding agent for building such structures as the Pyramids.

The Greeks made further improvements and finally the Romans developed a cement that produced structures
of remarkable durability.

Most of the building foundations in the Roman Forum were constructed of a form of concrete, placed in some
locations to a depth of 12 feet. The great Roman baths built about 27 B.C., the Coliseum, and the huge Basilica
of Constantine are examples of early Roman architecture in which cement mortar was used.

htip:ffwww.cement.cafenManufacturingHistory-of-Cement.itmi
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Roman Formula

The secret of Roman success in making cement was traced to the mixing of slaked lime with pozzolana, a
volcanic ash from Mount Vesuvius. This process produced a cement capable of hardening under water. During
the Middle Ages this art was lost and it was not until the scientific spirit of inquiry revived that we rediscovered
the secret of hydraulic cement -- cement that will harden under water.

http:fwww.cement.ca’fenManufacturing/History-of-Cement html|
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Repeated structural failure of the Eddystone Lighthouse off the coast of Cornwall, England, led John Smeaton,
a British engineer, to conduct experiments with mortars in both fresh and salt water. In 1756, these tests led to
the discovery that cement made from limestane containing a considerable proportion of clay would harden
under water.

Making use of this discovery, he rebuilt the Eddystone Lighthouse in 1759. It stood for 126 years before
replacement was necessary.

Other men experimenting in the field of cement during the period from 1756 to 1830 include L. J. Vicat and
Lesage in France and Joseph Parker and James Frost in England.

htip:fwww.cement. ca’ervM anufacturing/History-of-Cement.himi
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Before portland cement was discovered and for some years after its discovery, large quantities of natural
cement were used. Natural cement was produced by burning a naturally occurring mixture of lime and clay.
Because the ingredients of natural cement were mixed by nature, its properties varied as widely as the natural
resources from which it was made.

Aspdin Obtains Patent

In 1824, Joseph Aspdin, a bricklayer and mason in Leeds, England, took out a patent on a hydraulic cement
that he called portland cement because its color resembled the stone quarried on the Isle of Portland off the
British coast. Aspdin's method involved the careful proportioning of limestone and clay, pulverizing them, and
burning the mixture into clinker, which was then ground into finished cement.

Portland cement today, as in Aspdin's day, is a predetermined and carefully proportioned chemical combination
of calcium, silicon, iron, and aluminum. Natural cement gave way to portland cement, which is a predictable,
known product of consistently high quality.

Today, about 98 percent of the cement produced in the United States is portland cement. in Aspdin’s day,
however, this new product caught on slowly. Aspdin established a plant in Wakefield te manufacture portland
cement, some of which was used in 1828 in the construction of the Thames River Tunnel.

But it was almost 20 years later when J. D, White and Sons set up a prosperous factory in Kent that the portland
cement industry saw its greatest period of early expansion, not only in England, but also in Belgium and
Germany. Portland cement was used to build the London sewer system in 1859-1867.

hitp:imww.cement.calen™M anufacturing/History-of-Cement biml
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The first recorded shipment of portland cement to the United States was in 1868, when European
manufacturers began shipping cement as ballast in tramp steamers at very low freight rates,

History and Development of Portland Cement in the North America

Construction of a system of canals in the first half of the 18th Century created the first large-scale demand for
cement in this country. In 1818, a year after the Erie Canal was started, Canvass White, an engineer,
discovered rock deposits in Madison County, NY, from which natural hydraulic cement could be made with little
additional processing. He produced large amounts of this cement for use in the Erie Canal.

Other deposits were found, principally in the Rosendale district of New York, the Louisville district of Indiana and
Kentucky, and the Lehigh Valley of Pennsylvania. By 1899, nearly 10 million bbl. of natural cement was
produced annually in the US and Canada.

Although portland cement had been gaining in popularity in Europe since 1850, it was not manufactured in the
US until the 1870s. Probably the first plant to start production was that of David O. Saylor at Coplay, Pa. In

1871, Saylor tried his hand at selecting and mixing different kinds of rock from his quarries to produce portland
cement.

After initial difficulties, he succeeded, and at the Centennial Exhibition in Philadelphia in 1876, samples of
Saylor's product and that made by John K. Shinn at Wampum, Pa., compared favorably with the best imported
portland cements. While Saylor was perfecting his product in Pennsylvania, Thomas Millen and his two sons
were experimenting with the manufacture of portland cement in South Bend, Ind. Their first portland cement
was burned in a piece of sewer pipe (perhaps the first experimental rotary kiln used in America) and the
resulting clinker was ground in a coffee mill.

A notable pioneer in the industry in America was Robert W. Lesley. In 1874, he founded the firm of Lesley

&Trinkle, cement brokers, dealing in both natural and portland cements. This led to his entering the

manufacturing business for himself in Egypt, Pa. From his previous sales contacts, he picked up some ideas for
hitp:/Aiwww.cement.ca’enManufacturingHistory-of- Cement.hitml
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time- and labor-saving devices for manufacturing portland cement, most notable of which was a method for
pressing the pulverized raw materials into "eggettes" for burning in the kiln.

In 1880, about 42,000 bbl, of portland cement was produced in the United States; a decade later, the amount
had increased to 335,000 bbl. One factor in this tremendous increase was the development of the rotary kiln. In
the early days, vertical stationary kilns were used and wastefully allowed to cool after each burning.

In 1885, an English engineer, F. Ransome, patented a slightly tilted horizontal kiln which could be rotated so
that material moved gradually from one end to the other. Bacause this new type of kiln had much greater
capacity and burned more thoroughly and uniformly, it rapidly displaced the older type.

Thomas A. Edison was a pioneer in the further development of the rotary kiln. [n 1902, in his Edison Portland
Cement Works in New Village, NJ, he introduced the first long kilns used in the industry-150 feet long in contrast
to the customary 60 to 80 feet. Today, some kilns are more than 500 feet long. Parallel improvements in
crushing and grinding equipment also influenced the rapid increase in production.

http:/Awww.cement.calervM anufacturing/History-of-Cement html
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Types of Portland Cement - Cement Association of Canada

The right mix for the job

Typical uses for General Use cement include highways, floors, bridges and buildings.

Portland cements are hydraulic cements — in other words, cements that set and harden by reacting chemically
with water — and are composed primarily of hydraulic calcium silicates. The reaction process, called hydration,
combines cement and water to form a stone-like mass.

Various types of portland cement are manufactured to meet different physical and chemical requirements for
specific purposes. In Canada, the Canadian Standards Association {CSA) recognizes six types of portland
cement under Standard A3001, as follows.

General Use Hydraulic Cement (GU) is a general-purpose cement suitable wherever the special properties of
other types are not required. Its uses in concrete include pavements, floors, reinfarced concrete buildings,
bridges, tanks, reservoirs, pipe, masonry units and various concrete products.

Moderate Sulphate Resistant Hydraulic Cement (MS) is used where precaution against moderate sulphate
attack is important. It is used in normal structures or parts of structures that are exposed to soil or ground
waters where sulphate concentrations are higher than normal but not unusually severe.

When sulphates in moist soil or water enter concrete, they cause chemical reactions that result in expansion,
scaling and cracking. Wetting and drying in a sulphate environment aggravates the formation of sulphate salts
or compounds that have sufficient crystallization pressure to disrupt cement paste.

Concrete exposed to seawater is often made with Moderate Sulphate Resistant cement. Seawater contains
significant amounts of sulphates and chlorides. Although sulphates in seawater are capable of attacking

hitp:Awww.cement.ca’enM anufacturing/ Types-of-Portland-Cemert.himl
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concrete, the presence of chlorides reduces the expansive reaction that is characteristic of sulphate aftack.

High-Early-Strength Cements are used where early concrate strength is required, as in cold weather concreting, fast paving to
minimize congestion and rapid form removal situations.

Moderate and Low-Heat-of-Hydration Cements minimize heat generation in massive structures, such as
bridge supports and dams.

Moderate Heat of Hydration Hydraulic Cement (MH) is specially manufactured to generate less heat, ata
slower rate than General Use hydraulic cement. Heat of hydration is the heat generated by the chemical
reaction when cement is initially mixed with water. The requirement of moderate heat of hydration can be
specified at the option of the purchaser. This type of cement can be used in structures of considerable mass,
such as large piers, foundations and thick retaining walls, in which temperature-related cracking may be a
problem, especially when concrete is placed in warm weather.

High Early Strength Hydraulic Cement (HE) provides high strength relatively quickly, usually in a week or
less. It is chemically and physically similar to General Use hydraulic cement, except that its particles are more
finely ground. It is used when forms need to be removed promptly or when the structure must be put into
service quickly. In cold weather, its use reduces the length of the curing period.

hitpdiwvww cement.cafenM anufacturing/ Types-of-Portland-Cement. htmt
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Moderate and High-Sulphate-Resistant Cements are used in situations where concrete is exposed to soils high in sulphate
content, for example slabs on the ground, pipe and concrete posts.

White portland cement is used for white and light-coloured architectural applications.

Low Heat of Hydration Hydraulic Cement {LH) is used where the rate and amount of heat from hydration
must be minimized. It develops strength at a slower rate than other cement types. This type of cement is
intended for use in massive concrete structures, such as large gravity dams, where the temperature rise
resulting from heat of hydration must be minimized. It is generally only available by specific request for large
projects.

High Sulphate Resistant Hydraulic Cement (HS) is used in concrete exposed to severe sulphate action,
principally where soils or ground waters have high sulphate content. It gains strength more slowly than General
Use hydraulic cement. Use of a low water-to-cementing-materials ratio and low permeability are critical to the
performance of any concrete exposed to severe sulphate attacks. Like other portland cements, it is not resistant
to acids and other highly corrosive substances.

White portland cement differs from the usual gray cement chiefly in colour, It is made to conform to CSA
specifications, usually General Use or High Early Strength hydraulic cement. The manufacturing process is
controlled so that the finished product will be white. It is made of selected raw materials containing negligible

http:#www.cement.ca/erviM anufacturingTypes-of-Portland-Cement.html
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amounts of iron and magnesium oxides, the substances that give cement its gray colour. White portland cement
is used primarily for architectural purposes, such as precast curtain walls and facing panels, terrazzo surfaces,
stucco, cement paint, tile grout and decorative concrete. Its use is recommended wherever white or coloured
concrete, grout, or mortar is desired.

hitpwww cement.ca’envM anufacturing/Ty pes-of-Portland-Cement hm
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“Sand and Gravel Geology and Resources: A Field Trip to Recent Alluvial, Quaternary Glaciofluvial and
Preglacial Fluvial Deposits Near Edmonton, October 2, 2001" AGS, EUB.

VILLENEUVE AREA
(PREGLACIAL FLUVIAL DEPOSIT)

Geology:

The Villeneuve gravels are one type of preglacial gravel, described as 'Saskatchewan Sands and
Gravels', (originally named 'South Saskatchewan Gravels' by McConnell in 1886) or more
recently as Empress Formation (Shaw, 1993). The term Saskatchewan Sands and Gravels or
Empress Formation refers solely to sand and gravel deposited in preglacial valleys (as valley fill
or terraces) (Edwards, 1983). These gravels occupy an extensive network of preglacial bedrock
channels in the Edmonton region (Figure 9, Shaw, 1993). Edwards and Scafe (1996) describe the
Villeneuve fonmation as a Unit 1, Group 4 preglacial deposit.
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Figure 9: Preglacial vaileys in the Edmonton region (Shaw, 1993).

These gravels were deposited just prior to continental glaciation: they show evidence of
periglacial conditions (Photo 3) and contain cold climate fossils (Photo 4) (Bums, 1993). Dates
on fossil matenials recovered from the Villeneuve deposit (youngest preglacial unit) range from
~27,000 to 40,000 years before present (Edwards et al., 1994 and Edwards, 1998b).
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The preglacial deposits generally are gravelly or even cobbly(Table 5). The coarse nature of
these sediments is the result of their fluvial deposition in high energy systems and resuits in
attractive deposits for the production of coarse aggregate. The Villencuve deposit is not nearly as
coarse as many other preglacial gravels (Table 6) with most of the gravel less than cobble size.

Table 5: Summary of geological properties of gravel from selected sites in the Edmonton
region. (Edwards, 1983)

Origin Y% Passing Petrography (% wit) Degree (%) of
I I HA #1040 [ #100 (#2200 A | B | C D[ E |F Fracturing

Recent N. Sask. R. Terrace
Giravel 94i64131)1 25112 | 2 I |156]15[24)-] - [5 <1
Saskatchewan Gravels
¥ Villencuve) 9718213729 {22 | 2 1 | B R e =|
Glacial Thrust Preglacial
Gravel 93|160|27(24 | 161 3 2 |9 {3 |-]1i<l]- 64
Outwash 81(48)29/ 20| 5 2 I |69 6 |24 -1 1 |- <]
Preglacial Upland Gravel  {95]/60(24]{ 20 | 12 ] 2 I (96 3{ -|1]|=<]]- <]

A) quartzite, B) sandstone, C) granite and gneiss, D) conglomerate, E) carbonate, F) shale and ironstone

Photo 4: Fossil vertcbrac (mammoth?)

The coarse sediments are derived primarily from sandstone and quartzite formations presently
found in British Columbia or the Rocky Mountains of British Columbia and Alberta. Plains
bedrock such as soft sandstones, shale, and ironstone forms a minor, delcterious component of
most preglacial deposits (Table 7, Edwards, 1998b).
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Table 6: General grain size distribution for samples collected at ten preglacial deposits
(Edwards et al. 1985, 1994) (Edwards, 1998b)

Size Fractions Preglacial Deposits* (value as %)
15 QW34 T 5FWNGT RTE S S 9T
Gravel 58 66 75 78 70 63 81 80 77 7O
Bouldcers 0=u0 " @ =—3wv0*5%4 "2 =0 —0>—0
Cobbles P 0 5 20 10 3 24 10 7 3
Pebbles 57 66 70 55 60 60 55 70 70 67
Sand 41 33 23 19 28 36 17 19 21 29
Coarsc M 9 2 “dgor 3uen8 1 305 10
Medium 15 81 5 5 "2l 4 4 B
Fine 9 16 6 10 18 21 14 12 12 1l
Fines I 1 2 3 2 1 2 1 1 2P mm]

* deposits located on or near: 1. Halverson Ridge, 2. Grimshaw, 3. Watino, 4. Swan
Hills, 5. Pelican Mountains, 6, Villeneuve, 7. Lacombe, 8. Wintering Hills, 9. Cluny,
10. Del bonita Uplands. Data for all sites except deposit 6 from (Edwards et al. 1994),
data for deposit 6 from (Edwards ct al. 19835).

Table 7: Rock types in the gravel (19 - 38 mm) fraction of preglacial deposits.
{Edwards, 1998b)

Rock Type Preglacial Deposits* (percentage of rock type)

1 %2 " 3V 74 5506 7 8. 9 10}
Quartzite 33 23 24 54 31 10 35 26 57 29
Sandstone 37 28 68 35 59 67 49 42 9 32
Conglomerate OlggGs A NBaIN Bl Wi6h Tl lsedt 14
Shale** QRO < |1 figays | i 43 B3 M) 1
Chen 4 SS5HRIT <t W2M2F 12 504806 <]
Carbonate 0o 0 0 0 0 o 0 8 20 i
Argillite ! 1 0 0 0O 0o O <1 O 23
[gneous™** Oribln'<it0m 'Oz g OF G Q |
Quarlz 25 AN RO BMOR- 20 Cg2u 1OE 2 ()
Other Metamorphic*** O 3R a0em0Ri0¥<1;, <1 L0 0

* Deposits located on or near: |. Halverson Ridge, 2. Grimshaw, 3. Watino, 4. Swan Hills, 5.
Pelican Mountains, 6. Villeneuve, 7. Lacombe, 8. Wintering Hills, Y. Cluny, 10. Del bonita
Uplands, ** Includes mudstone and ironstone, *** Igneous and metamorphic rocks of mountain
origin, not Canadian Shield origin.

Preglacial deposits at Villencuve and Onoway contain some of the highest gold values in Alberta
(Table 8, Edwards et al, 1994). Panning rccovers up to 45 flakes (colours) per pan and
consistently averages 25 colours. One gravel operator in the carly 1990’s reported a grade of 100
oz. gold per 100,000 tons of sand and gravel (Edwards et al, 1994). Panning for heavy minerals



(gold, platinum, magnetite, garnet, diamonds) is a standard mapping technique during our sand

and gravel mapping (Photo 5).

Table 8: Summary of placer gold results for preglacial groups (Edwards,

1004)
Volumetric Results (g Results by oz. Panning
gold/m") (pold/100 000 tons)  (colours/pan)
Group | =2
Range 0.0001 - 0.0017 0.84-1.62
Average(.0012 .32
Group 2 =5
Range 0.0001] - 0.0017 0.04-2.02
Average0.0007 0.73
Group 3/4 (includes
Villeneuve) <45
Range 0.0013 - 0,0687 1.02 - 52,06
Average0.0166 18.04
Group 5 <25
Range 0.0004 - 0.0061 0.38 -7.98
Average(.0025 3.3
Group 6 =50
Range 0.0028 -0.1723 0,99 - 57.62
Average0.0102 13.97
Group 7
Range
Avernpge U.0009 0.52

Photo 5: AGS geologist tests deposit for heavy minerals.
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The postulated formation of the gravels is not only determined by the rock composition but by
the structure of the beds. By analyzing the cross (Photo 6) and trough beds (Photo 7, 8) in the
deposit and the imbrication (angle) of flat pcbbles an idea of the direction of flow of the river
that deposited the gravel can be estimated. Overall the flow direction was basically west to cast
as represented in the map of streamflow indicators (Figure 10, Edwards, 1996).
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Photo 7: Large trough cross bed, direction of flow was out of bed towards geologist.




Warkings in the Villencuve area usually expose black soil on | to 4 m of glaciolacustrine fine
sand-silt-clay over 4 to 8 m of clay till (Photo 9). At some locations two till units divided by
glacial sand and gravel 3 to 5 m thick are seen (Figure 11). At the fieldtrip site there is 9 to 10 m
of combined overburden (glaciolacustrine fine sand-silt plus clay till). The glaciolacustrine
sediment was deposited in Glacial Lake Edmonton, is light in colour and has thin horizontal beds
(Photo 9). The till is massive, medium brown in colour and may have a vertical blocky
appearance due to joints (Photo 10). The till oficn forms a step vertical face. Overall the
preglacial sand and gravel beds are 10 to 15 m thick. The beds appear as planar (horizontal)
layers up to a metre thick (Photo 11) when viewed parallel to the original flow direction.

Photo 8: These sand beds
have small
troughs, flow was
out of the photo at
an oblique angle.

T Fos
UG?Q‘
Indicators of Streamflow Directions
—_—— Qravael Fabocs e
— —— =3 Pilarar Cross-becding -
Trough Cress-bedding
5] ag T e Par AL W

Figure 10: Summary streamflow vectors for indicators measured in the Entwistle-
Villencuv area. Villeneuve is deposit # 3975. (Edwards, 1994)
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Photo 9: View of operating face that shows faint, thin bedg\glaciolacustrinc silt and clay
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Figure 11: Generalized geologic section in Villeneuve deposit

Glacial Lake Eumonton
silt and clay - 1 to 2m thick

Till - massive with columnar
Joint systom; brown
weathered - 2m Lhick

Glacial sand and gravel

- abundant coal clasts and
some angular ti1l1 'boulders'

- 3 to 5m thick

TiHl - numerous, sand Jenses,
darker grey coloured;
fractured and friable
in many placess
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Preglacial Saskatchewan sand
- 1 to ?m thick

Preglacial Saskatchewan sand
and gravel »5m



Photo 11 Hor m)mally {pIanar) bcdded pn,gacml sand and gavel beds.

Exploration:

APl
The Villencuve deposit appears as a flat clay plain. Vegetation reflects the surface matcrials
(now farmed). API would not pick this area as highly prospective for gravel.

Geological Model

Based on what we know about preglacial deposits the Villeneuve deposit is a classical Unit |
pregtacial deposit. The model suggests the deposit could be buried and identifies the approximate
elevation at which the deposit would occur. In preglacial deposits in central and northern Alberta

we routinely test the material for gold and diamonds.
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Drilling

Nine auger holes were completed in the Villeneuve area (see round dots on aggregate map,
Edwards, 1979). These test holes were very valuable in testing our hypothesis for the area and
assigning a boundary for the potential deposit.

EM-31

The Villeneuve deposit is buried under ~10 m of glaciolacustrine silt-clay and till. The EM-31
does not register sand and gravel under this amount of cover. The resistivity readings at
Villeneuve are:

o glaciolacustrine silt and clay ~25mS/m

o claytill ~35 mS/m

o sand and gravel <5 mS/m
Resources:

Preglacial deposits are critical resources supplying both the Calgary and Edmonton markets.
Deposits northwest of Calgary (Bearspaw area) and Edmonton (Villeneuve) have become land
use battlefields (Edwards, 1995). The Villeneuve deposit, using the 1979 AGS estimates from
the St. Albert (83H/12) Agpregate Resources map (Edwards, 1979), is large in area (4836
hectares), contains extensive reserves (over 150 million m’), and is thick (up to 15 m).
Constituent rocks are hard and tough and the coarse aggregate yields some of the highest quality
mineral aggregate produced in Alberta (Edwards, 1998b). The deposit requires significant
overburden removal (up to 15 m). Extraction may require dredging or pumping water from the
pit. This is an ideal deposit for hosting large operations and supplying the major Edmonton
market.

The massive gravel deposits at Villeneuve, fifty-km northwest of Edmonton and in an adjoining
municipality, were developed in the late 1960's to service the Edmonton market (see the air
photo history fold out). Information from the Alberta Research Council groundwater group in the
1970's and later the AGS Apggregate Inventory helped to identify and confirm the Villeneuve
area as the premier source of aggregate for the Edmonton region. In 1970 the Alberta
government commissioned a major study on gravel extraction in this area. A comprehensive
report identified the problems that would result from lowering the elevation of such a large area
by 10 to 15 meters and recommended prohibition of residential development to ensure proper
management and reclamation,

A review is underway in the Calahoo area to assess continued gravel extraction. The review
resulted from a challenge by local residents. The reason for conflict is the juxtaposition of the
residents and mining. This relationship is similar to the situation that excluded Edmonton valley
deposits 30 years earlier. An Environmental Impact Assessment at >$500,000 will be required
before operations can continue through extension of pits that have been in existence for 30 years
(Walls, 2001).

Other preglacial deposits in the Edmonton region are found north of Lake Wabamun, south of

Onoway, protruding into the North Saskatchewan River valley upstream from the Alberta
Provincial Museum and paralleling the North Saskatchewan River east of Edmonton.
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MARLBORO: Lonely Chimney in the Muskeg
From Mussieux, R. and Nelson, N.(1998) A Traveller's Guide to the Geological Wonders
of Alberta. The Provincial Museum of Alberta. 254 p.

o L PR S ]
Ron Mussieus — Provincial Museum of Alberta

The chimnes siands above the ruins of the Marlboro Cement Plant.

HIGHLIGHTS

Many motorists travelling the
Yellowhead Highway (Highway 16)
have pondered why a lonely chimney
rises 36 metres above the muskeg near
Marlboro, 35 kilometres west of Edson.
This is the site of Alberta’s first cement
plant and the smokestack is a reminder
of a dream that fell far short of its goals.
The plant was built in 1913 by the
Edmonton Portland Cement Company.
This site was chosen because of the
nearby extensive marl and clay deposits
and its closeness to the Grand Trunk
Pacific Railway. Marl was once used as
a major constituent in cement.

THE STORY
Marl is a soft, crumbly, fine-grained
limestone (calcium carbonate) that

74

forms only in fresh waters. The
Mariboro region has areas of high relief,
and as groundwater moves through
these higher hills it dissolves limestone
fragments in the glacial deposits. This
lime-rich water trickles out as springs
near the sloughs and ponds adjacent to
the plant. As the spring water warms, it
can not hold as much carbon dioxide
and calcium carbonate (marl) is precipi-
tated. The precipitation of marl is fur-
ther increased by animal and plant activ-
ities that change the carbon dioxide and
calcium concentration in the water.
Marl can be used as a livestock feed
supplement, as a treatment for acidic
soils, or in cement. Cement is composed
of calcium carbonate and silica. At very
high temperatures, these two fuse
together to form solid blocks. The



blocks are then crushed into a fine pow-
der that we call cement. This is mixed
with water, sand, and gravel to form
concrete.

At the beginning of this century,
Edmonton was going through a major
development boom. Projects like the
High Level Bridge and the Legislature
Building required large amounts of
cement, which had to be shipped in
from Ontario at high cost. When marl
was discovered by railway workers at
the Marlboro site in 1910, the people of
Edmonton thought they had found an
inexpensive alternative to the Ontario
cement. With a large deposit of marl and
ncarby silica and coal to heat the kilns,
the plant was expected to be a great suc-
cess. Well known and wealthy
Edmonton businessmen, like George
Bulyea and Henry Marshall Tory,
invested a total of three quarters of a
million dollars in the cement plant.
Unfortunately, the plant never did as
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well as expected because the nearby sil-
ica was unsvitable and there was too
much competition from other cement
plants. The plant was closed in 1931 and
today all that remains are the towering
smokestack and the foundation walls of
the old buildings that are now being
overgrown by trees. The marl, which
gives the nearby town of Marlboro its
name, still forms and can be seen clear-
ly from the edge of the highway.

-

B.1370 - Provincial Archives of Alberaa

The Edmonton Portland Cement Comparry Plant at Marlboro in the 1920s.
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Holter, M.E. (1975): Limestone resources of Alberta; Alberta Research Council, ARC/AGS Economic

Geology Report 4, 100 p,

Limestone Resources of Alberta

PLATE 8. Photomicrograph of limastons, Pekisko Formation, Nordegg area (sample 146, 400X).

CADOMIN AREA

LOCATION AND ACCESSIBILITY

The Cadomin area, 60 miles (97 km) southwast of Edson, is
reached by Highway No. 47 and a branch of Canadian
National Railways. Cadomin is the only community in the area
with the exception of the nearby station of Leyland, the local
railway servicing point. Inland Cement Company operates a
large quarry south of Cademin which supplies limestons to
the company's cement plant in Edmonton, 190 miles (306
km) to the east (Plate 9).

Relief in the area ranges from rolling foothills with elevations
near 5,000 feet {1500 m) to the rugged topography of the
Nikanassin Range where elevations may exceed 8,000 feet
{2400 m) {Fig. 16). The Mcleod River flows through a %
mile (0.8 km) wide gap in the range at Cadomin.

GEOLOGY

The geology of the area is presented on two maps by MacKay
{1929): the Cadomin and Mountain Park sheets {(compilation
given in figure 16). Paleozoic and early Mesozoic strata are
thrust north over Jurassic and Cretaceous strata. The regional
strike is west-northwest. Formations north of the main thrust
are folded with the amplitudes of the structures decreasing
northeastward away from the Nikanassin Range. Devonian
and Mississippian strata southwest of the front of the range
dip south at angles averaging approximately 26 degrees.

They have been repeated at least twice by secondary thrusts
or splays. A few folds and minor thrusts have been mapped
in these beds.

The Palliser Formation is composed of thick-bedded, grey,
fine-grained limestone and interbedded dolomitic limestones
{Plate 10} with minor chert in part. Gotts {1966} reported that
at least three magnesian limestone beds are continuous
through the main Inland Cement deposit: one near the top,
about 100 feet {30 m} below the Exshaw shale contact, one
in the center, and one near the base. He further states that
these high-magnesian beds vary in thickness from 10 to 40
feet (3 to 12 m) and, on fresh surfaces, are not distinguishable
by eye from the high-calcium beds. On weathered surfaces,
however, the dolomite has an irregular brownish giey
mattling. The upper dolomitic band is thicker in the aban-
doned Inland Cement quarry (Fig. 16, Plate 11}, otherwise
the formation exhibits similar bedding characteristics within
the seuthern thrust slice.

Seven fest (2 m) of dark brown shale comprising the Exshaw
Formation overlie the Palliser. The Banff Formation, above
the Exshaw, has been subdivided into three units by Mac-
queen {1966). The lowest is a recessive unit, 352 feet {107 m)
thick, consisting of dark brown, calcareous shales and minor
interbedded shaly, very fine-grained limestonss at the base.
The middle is a resistant 63-foot {19-m) thick unit, composed
of medium-to thin-bedded, grey, very fine-grained limestones,
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dolomitized in part, with calcarecus shale interbeds. At the
top is 100 feet {30 m) of microcrystalling 10 very finely cry-
stalline, yellowish brown silty dolomites with minor interbeds
of very fing-grained limestones.

The Rundle Group is well exposed along the railway opposite
the mouth of Whitehorse Creek. Stratigraphy of the beds
tas been described in detail by Macqueen {1966).

The Pekisko is mainly massively bedded, very fine- to very
coarse-grained, light grey limestone. The limestone is
dolomitized in places and grey chert bands occur near the top.

Macqueen 11966} recognized four units within the Shunda
Formation. The lowest is 66 feet {20 m) of recessive, thickly
bedded, finely crystaliine dolomite. Overlying this is 134 feet
{40 m) of cyclically bedded carbonates with individual cycles
varying between 3 and 5 feet {1 to 1.5 m} in thickness. A
single cycle consists of very fine-grained limestones passing
upwards into tan, microcrystalline ta very finely crystalline
dolomite. This cycle may be immediately repeated or may be
overlain by shaly dolomite beds or finely crystalline dolomite.
The third unit includes 38 feet {11 m) of microcrystalline
dolomite and shaly dolomite. The upper part of the Shunda
is composed of 94 feet (28 m) of breccias, brown micro-
crystalline dolomites, shaly dolomites, and grey, very fine-
grained limestones.

The Turner Valley Formation confains finely 1o medium-
crystalline, brown, porous, and resistant dolomite. The
upper part is finely crystalline and less porous than the lower
part.

Microcrystalling 1o finely crystalline dolomite interbedded with
green dolomitic shale or shaly dolomite makes up the Mount
Head Formation. The formation is 200 feet (60 m} thick in
the Cadomin area.

SAMPLING

The entire Palliser Formation was sampled by the author at
the presently active Inland Cement quarry (see figure 17 for
sampling intervals and stratigraphy). Exposures sampled in
the company's abandoned quarry 1 mile (2 km) to the south
represent beds near the middle of the formation. One sec-
tion measured and sampled across the valley and above the
Cadomin caves {samples 237 1o 268) is also of strata from the
middle of the formation.

A brief account of sampling carried out on tha sile of the
main Inland Cement quarry before coperations began is given
by Seibert (1950).

Haiferdahl {1967} tested itwo sections on Leyland Mountzin
3 miles (5 km) west of the main Inland Cement quarry, The
beds outcrop along a small tributary of Whitehorse Creek and
are fram the top of the Palliser Formation.

i

PLATE 9. Palliser limestone exposed at the main Inland
Cement Quarry at Cadomin. Quarrying is underway
at a level near the upper left hand corner of the
photo. The Nikanassin Thrust, thrusting the Palliser
over the Fernie is exposed at the lower left.

The author did not sample the Banff Formation. However,
overlying Mississippian beds of the Rundle Group were
sampled along the railway south of Cadomin opposite the
mouth of Whitehorse Creek, Samples were also obtained from
the basal part of the Pekisko Formation at a low cliff above
the campgrounds on Whitehorse Creek. Goudge's account of
investigations in the Cadomin area is inciuded in Appendix C.

ANALYSES

Samples taken in the Palliser Formation, along the railway
below the main Inland Cement quarry, were divided into
successive 100-foot (30-m} intervals and analysed (Fig. 17].
The results are documented in analyses 81 to 87 inclusive
{samples 270 to 346) and indicate CaCO3 grades of between
86 and 96 percent. A similar range of values was determined
for the abandoned quarry using similar procedures {analyses
88 to 91, samples 347 1o 382). Goudge's sample 24 was
prabably from mottled beds in the middle or lower part of the
formation whereas sample 25 was from strata near the top.
Analyses of the former reflect the presence of dolomite
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mottling {6 percent MgCO3); the latter proved the deposit’s
economic potential (96 percent CaCO3). Seibert {1950} pro-
vided one analysis of the upper part of the Palliser, on beds
outcropping on the face above the rmilway (98 percent
CaCO3). The top of the mountain above the quarry yielded
samples with not less than 96 percent CaCO3. Samples from
the middle of the Palliser taken by the author across the
valley from the plant showed relatively low CaCQ3 (87 to 92
percent) and high MgCO3 {6 percent 10 11 parcent). The
results are given in analyses 78 to B0 (samples 237 to 268A).

Quality of upper strata of the Palliser Formation was de-
termined by Halterdahl {1967) farther west on Leyland
Mountain, Calcium carbonate contents vary from 87 to 97
percent and only one sample exceeds 5 percent MgCO3
{analysis 12-20}. Silica values tend to be relatively high and
are cammonly greater than 2 percent.

The basal beds of the Mississippian Pekisko Formation
sampled above the campgrounds on Whitehorse Creek, are
of very low industrial quality (analysis no. 96, samples 397 to
401, 79 percent CaCOg). The formation was also tested along
the raitway south of Whitehorse Creek and low grades were
verified (analysis no. 92, samples 383 to 384, 54 percent
CaCO03). The remainder of the Mississippian succession above
the Pekisko, also examined along the railroad, consists of
highly dolomitic material (analyses 92 to 95, samples 385
to 385).

Results of X-ray fluorescence analyses of individual samples
are given in Appendix B.

PLATE 11. Abandoned Inland Cement guarry

PLATE 10. Ph
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otornicrograph of mottied lim
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showing dolomite rhombs comprising the mottlad
Zones and vety finely crystalline limestone of the
main rock mass (sampie 339, 400X).

=13

in Palliser strata at Cadomin,

situated

approximately one mile south of the main quarry. The Palliser overlies tha Rundle
Group (to the left) along a thrust demarked by Cadomin Creek (center of photo).
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PRODUCTION AND RESERVES

Palliser limestones were first quarried for lime production
close to the present site of the main Inland Cement quarry.
For a brief time, after quarrying operations began to supply
the cement plant in Edmonten, Inland Cement also produced
limestone from the south quarry. This quarry was later aban-
doned in favor of production from the top of the north
deposit. Details of history and development and reserves of
the area are provided by Gotts {1966).

Economic Geology Report 4

The Alberta Lime Company has recently done evaluation work
on Leyland Mountain on their property west of that of inland
Cement. The Palliser sections described by Halferdahl occur
on the company's property.

The Palliser appears to be the only formation in the area
containing high-calcium limestones. Reserves and develop-
ment potential hinge on the distribution and accessibility of
this one unit,

BRULE AREA

LOCATION AND ACCESSIBILITY

The Brli¢ area is located 15 miles (24 km) west of Hinten and
200 miles (320 km) west of Edmonton Highway No. 16
passes through the area as does the main line of Canadian
National Railways. Briilé, on the west side of Brilé Lake, is
the only community in the area and provides minimal
commercial services (Fig. 18).

The Athabasca River flows from a wide mountain valley in
the west into the adjacent foothills where it immediately
broadens out to form Brillé Lake. The nearby northwest-
southeast trending mountain ranges are up to 7,000 feet (2100
m} in elevation in contrast to the valley floor which lies at
about 3,300 feet {1000 m). The eastern boundary of Jasper
National Park at Brile is shown in figure 1B, investigations
for limestones were confined to occurrences outside the Park.

GEOLOGY

The Brile' area was mapped by Lang (1947) and Mountjoy
{1959); the results are compiled in figure 18. Typical Rocky

T e

Mountain structural features are observed in the area.
Paleozaic strata are thrust east aver Mesozoic beds along the
main fault, the Boule Thrust. A second major thrust, the
Perdrix Fault, has repeated the Paleozoic rocks within a
distance of less than 1 mile (2 km} across the strike. Folding
Mountain, on the east side of the area, is an anticlinal outlier
of Paleozoic rocks T mile (2 km} beyond the mountain
frant. The east limb of anticlinal structures, dip southwest at
angles of between 30 and 60 degrees. Due ta thrusting, beds
in the Briilé area are more contorted than in the other areas
of the Foothills and Front Ranges which were examined in
this study.

The lowest stratigraphic unit present, the Mount Hawk
Formation, is dark grey, argillaceous, thin-bedded, finely
crystalline limestone with same calcareous shale. It may be
up to 500 feet (180 m) thick.

Above the Mount Hawk is the Alexo Formation which in-
cludes less than 100 feet (30 m} of yellowish grey, calcareous

PLATE 12. Cliff-forming Palliser Formation exposed on Boule Range, Brule area. Photo
taken from top of ridge ¥ mile 10.8 km} south of Ogre Canyan, looking north,






