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EXECUTIVE SUMMARY

Limestone is found in Alberta along the entire
length of the Foothills and Front Ranges trend of the
western side of the province as well as within northeastern
Alberta in the Fort McMurray area (see Figure 1-4).

None of the limestones tested from seven of the nine

major localities of accessible outcrops is capable of
producing ground calcium carbonate (GCC) paper fillers

of acceptable quality due to low brightness characteristics.
Two deposits (one at Kananaskis, the other at Windy Point;
see Figures 3-3 and 3-5b) may be of suffiient quality to

be blended in reasonably high proportions with industry
standard GCC from outside the province to yield an acceptable
filler.

The best possibility for the extensive use
of Alberta limestone as paper filler material seems to
be through the production of precipitated calcium carbonate
(PCC). This material is currently being produced from
lime manufactured from limestone quarried by Continental

Lime in the Bow Corridor.

A comparison of GCC and PCC products indicates
that the latter form of filler will be favored by the
pulp and paper industry in the future. The PCC materials
are less expensive to produce, yield a high brightness,
may have more consistent fine size ranges, possess high
surface area characteristics, and demonstrate many other
properties favorable to the manufacturing cf fine paper.
The trend towards establishment of alkaline systems in
pulp and paper operations will result in an increased

use of calcium carbonate as a paper filler media.

Several deposits of limestone in Alberta may
be worthy of further consideration as lime and PCC plant
feedstock. As proven by-the experience of Continental
Lime a rock which has good calcining properties as well



as low contents of dolomite, silica, iron oxides, alumina,

and sulfur may be suitable.

Additional work is recommended to further define
the quality of Alberta limestones for use as paper filler
materials. Tests should be carried out to document
lime-making and PCC production capabilities of rock from

selected deposits within the province.
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1. INTRODUCTION
1.1 Background and Scope

The projected expansion of pulp and paper
production in western Canada provides for considerable
additional demand for associated mineral commodities
into this industrial sector. The status of plant development
to this point in time is summarized in Figure 1-1, including
data from some recently announced programs for new development.
Of particular interest in connection with the growing
Alberta pulp and paper industry is the potential for
supply of limestone as a paper filler from local deposits.
This report is intended to achieve three major tasks
in an attempt to expand the current knowledge of paper
filler technology as it may prove to be applied to the
Alberta industry in the near future:

1.) Briefly review the respective potential of

using ultra-fine ground calcium carbonate

(GCC) and precipitated calcium carbonate (PCC)

in future paper mill developments.

2.) Evaluate the currently available data on Alberta
limestones with respect to GCC and PCC useage.
3.) Report on recent field studies which update

the information on Alberta deposits.

In order to properly determine the best possibilities
of using either GCC or PCC products several operating
facilities were visited during the course of the study.

The plant operations of International Marble and Stone
Company Limited (IMASCO) near Creston and at Surrey,

British Columbia were toured to learn of procedures
necessary to produce a fine-ground product. The production
of p;ecipitated calcium carbonate was reviewed through
visiting plants operated by Continental Lime Inc. at Tacoma,
Washington and Prince Alberta, Saskatchewan. Lime-making
facilities of Continental Lime Ltd. at Exshaw, Alberta

and Summit Lime Works at Sentinel, Alberta were briefly
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examined. The pulp and fine paper plant operated by
Weyerhaeuser Canada Ltd. at Prince Albert, Saskatchewan

was also visited.

An extensive review was carried out of all
previous evaluation work completed on limestone deposits
in Alberta and selected sites were revisited to obtain
samples which were subjected to analytical procedures
unique to the testing of filler-grade materials. Previously
unreported field work carried out by W.N., Hamilton in 1988
has also been included herein and this information constitutes
a very significant contribution to the existing data

base.
1.2 Limestone Production Areas

The current distribution of limestone production
sites in Alberta is shown in Figure 1-2 in relationship
to proposed paper production facilities. All indicated
limestone quarries, with the exception of the Cadomin
operations of Inland Cement, were visited in order to
obtain samples for testing for filler quality. Quarry
rock from Cadomin was sampled at the Inland Cement plant
in Edmonton. Two other localities which are not under
production at this time were also sampled (the Kananaskis
and Windy Point sites). The abandoned quarries of Loders
Lime near Kananaskis and outcrops at Windy Point along
the David Thompson Highway were previously determined by
Hamilton (1986) to include light=-colored rock which could

be considered for filler useage.

Properties which are presently producing limestone
in British Columbia are indicated in Figure 1-3. Sites
in the northeastern sector of the province may be considered
to be in favorable geographical locations to serve at
least - the western part of Alberta. 1In view of this, it
may be anticipated that some competitive marketing of
such limestones into Alberta may be a real possibility

in the near future.
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1.3 Regional Distribution of Limestone

Limestone deposits are widespread throughout
western Alberta as well as to the northeast in the Fort
McMurray area (Figure 1-4). Current production is exclusively
from beds of the Rundle Group (Mississippian age) and the
Palliser Formation (Devonian age). A more extensive
consideration of geological conditions, quarry locations,
and accessible areas for future development will be considered

later in the report.
1.4 Limestone Fillers

The selection of a filler and/or coating in paper
production is primarily dependent upon the manufacturing
process involved. It i1s imperative, for example, that
a paper plant operate on an alkaline sizing process if
calcium carbonate is to be used. Although there is a
current trend towards the use of the alkaline technique
some existing plants operate on an acidic system and must
therefore employ more inert minerals such as kaolin, talc,
barite, mica, or silica. It has been estimated that 35
percent of North American fine paper production is presently
based on alkaline process and by 1998 this will increase
to 90 percent (Continental Lime, pers. comm.).

Any mineral emploved as a filler material is
usually added to the basic mixture of wood pulp at the
start of the paper-making process. The mineral particles
are retained within the resultant paper sheet and help
to fill the voids created where the cellulose fibres
overlap, thus producing a smoother paper which takes print
better. Alternatively, as a coating pigment, the mineral
is applied to the surface of a finished paper as a slurry
containing a binder which adheres to the paper. A smoother,
glossier surface results which is preferable for high
quality color printing. The printing is thus done on

the mineral itself and not on a mixture of mineral and fibre
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as in the case of filled paper. The net result of utilizing
a satisfactory calcium carbonate fillér and coating is

to increase the opacity and brightness of the paper, provide
better ink receptivity, and to improve surface smoothness

(Scafe and Hamilton, 1985).

Calcium carbonate filler results in a strong paper
that allows mineral loadings as high as 50 percent (Scafe
and Hamilton (op. cit.). Typical filler levels in uncoated
papers may, in fact, range from 5 to 15 percent and coated
papers usually have 3 to 9 percent mineral loading. Ground
calcium carbonate is suitable for filler purposes if
average size ranges are between about 1 to 3 microns
and the top sizes do not exceed 10 to 15 microns. Superfine
grades are used for coating if they achieve an average
size classification of about 1 micron with a top size of
4 microns. It is commonly noted that the finer a given
filler or coating is ground the whiter it will appear.

The brightness factor is normally determined by TAPPI

(The Technical Association of the Pulp and Paper Industry)

or ASTM (American Society of Testing and Materials) standards
of testing and is expressed as a percentage. A brightness

of at least 92 percent is generally regarded to be necessary
for fine paper production although values as low as 80

percent may be tolerated in some circuits.

The main criteria applied in the choice of the
best filler source normally include the following (Guillet
and Kriens, 1984):

l.) Whiteness (brightness).

2.) Particle shape.
3.) Particle size.
4.) Cost.

Secondarily, there are other physical and chemical
properties to be considered, such as:
1l.) Weight.
2.) Opacity.



Hardness.

Chemical inertness.

Refractive index.

Mineral purity.

Receptivity to ink.

Retention characteristics in the paper web.
Rheological properties affecting flow and

application.

Calcium carbonate is commonly preferred as a

mineral filler in a nonacidic system for several reasons:

l-)

2.)

3.)

4-)

5.)

6-)

It may provide excellent whiteness.
Equidimensional particle sizes may be achieved.
Calcium carbonate produces low absorption
behavior (generally, an indicator of particle
size, size distribution, and surface area).

It may be readilly available and at a relatively
low cost.

These materials are normally free of troublesome
grit.

A precipitated product is especially noted

for good ink absorption.

The use of either ground calcium carbonate

or precipitated product is relative to several factors

among those noted above. The PCC materials tend to be

favored for the following specific reasons:

lo)

2.)

30)

4.)

A more consistent product may result in terms
of brightness, size ranges, and chemical purity.
The cost of production is reported to be lower
($100 or less per tonne for PCC versus costs

as high as $200 per tonne for ultra-fine GCC).
Transportation costs may be less if lime rather
thah limestone quarry rock must be delivered

to on-site facilities.

Elimination of large volumes of CO, from the

pulp mill or lime-making operations may be realized



by recircuiting gaseous effluents through the
PCC production process thus alleviating any

negative impact on the environment.
1.5 Limestone Specifications for PCC

The use of limestone for PCC production is
related more or less to the ability of a limestone to
make a high quality lime product. At a temperature
approaching 900°C the co,

in a general weight loss of 40 to 44 percent. During

begins to be driven off resulting

calcination impurities within the limestone remain unaltered
and are effectively doubled in content in the lime.

Several natural contaminants impede the degree of usefulness
of the lime. Any SiO2

with the CaO (gquicklime) to form a dicalcium silicate,

present will, for example, react

bonding two molecules of CaO with every one of 8102 thus
leaving them unavailable for hydration. Similarly, iron,
alumina, and sulfur yield other mineral forms such as ferrites

and aluminates which reduce the available CaO.

Dolomite in the limestone will result in slower
lime reaction time for completion of hydration and is
therefore not normally tolerated in contents exceeding

5 percent (MgO equivalents).

The ideal lime product is one produced from
limestone having a minimum of 97 percent combined carbonate
content resulting in production of pure Ca0® with high
porosity. The large amount of internal surface area of
this so=-called soft burned material is directly related
to high chemical purity. If limestone is burned at
excessively high temperatures-the lime shrinks, a denser
product results (hard burn), and the chemical reactivity

is more limited.

The rate of calcination is effected by the
ability of the CO2
material, the presence of impurities, differences in

to diffuse to the surface of the burned



crystallinity, grain boundary conditions, density variability,
and atomic lattice inperfections (O'Driscoll, 1988).

A given limestone can only be verified for use in lime
production after successful completion of adequate burn

tests designed to evaluate the various limiting factors
(Boynton et al, 1983).

The effectiveness of a given lime in production
of acceptable PCC materials for paper use 1is less well
documented. It is purported by some operators that most
lime products will suffice to manufacture PCC. Others
strongly express the opinion that not every lime will make

a satisfactory precipitated prcduct for filler use.
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2. PROCESSING

The use of limestone and limestone by-products
is implicated in a number of ways within the circuitry of
a pulp and fine paper plant. Besides the application of
PCC or GCC filler materials to the pulp sheet through the
head box in the paper mill there is additional utilization
of calcium carbonate within the recovery process (Figure 2-1).
Slaked lime is introduced to the caustic reactor system
to recover sodium hydroxide and sodium sulfide from the
green liquor reagents and to consequently produce fresh
cooking chemical for utilization in the digester unit
(Figure 2-2). The lime is commonly produced in kilns
on site from calcium carbonate mud recovered from the caustic
reactors. Approximately 5 percent make-up lime must be
added to the system, usually from bulk material delivered
to the plant from outside commercial sources. Alternatively,
additional limestone rock may be passed through for calcining

along with the recovered reactor mud.

An on-site PCC plant is capable of utilizing
CO, generated within the plant for reconstitution of
calcium carbonate. The gas may be drawn directly from the
lime kiln or from stack gases emanating from the boiler

systems.

The production of GCC involves a series of
grinding, screening, and air classification stages, each
of which includes return circuits for oversize materials
(Figure 2-3) The initial stages of processing normally
follow dry procedures but ultra-fine grinding may require
wet grinding. These final stages of GCC production employ
sophisticated and relatively expensive equipment and result

in a slurried product.

North American processes for manufacturing PCC
materials begin with the treatment of lime. The production

sequence for a lime plant is shown in Figure 2-4 indicating
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the progression from quarry-run deliveries, through calcining,
to the screening, grinding, and distribution to storage

and loadout of the various by-prcducts and sizes. Although
the PCC production process is considered proprietary
infermation by all current manufacturers the general
circuitry is well known. Limestone passes through calcining,
hydration, and carbonation stages as shown in Figure 2-5

at the combined lime and PCC plant (from which a slurried
product may be delivered some distance to the paper mill)

or, alternatively, lime is delivered to a PCC production
unit on site for continuous production of slurry feed

to the adjacent paper plant. The PCC may be dewatered

for convenience of storage. A slurry made up of 17 to

30 percent solids may normally be pumped and is therefore
readily transportable. A solids concentration of about

17 percent is commonly fed to the headbox in the paper mill.

Precipitated calcium carbonate may be produced
by at least two other processes. One such system is based
on the ammonia process developed by Solvay for the production
of Na,CO,. The essential part of the process for development

273
of PCC is as follows:
caco, Jﬂ»coz + cao —H20 _ ca (0H) ,
Ca(OH), + 2NH,Cl—2NH, + 2H,0 + CaCl,
co
—=2—=H,0 + 2NH,Cl + CaCO,

The precipitated CaCO3 must then be washed to remove soluble
salts, dried, and micropulverized. Particle sizes are
controlled by temperature, concentrations of constituents,
rate and order of additions of reactive materials, and~

the mode of agitation.

In the NaOH process the CaCO3

before, to form CaO which is reacted with water to form

is calcined, as

Ca(OH)2 The reaction continues as follows:

Naco + Ca (OH) 2 ———» 2NaOH + caco

3 3
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Neither of the above two processes are considered
to be preferable to the recarbonization procedures due
to economic restrictions and the more limited access

to the reactive additives.



3. GEOLOGY

Extensive work has been carried out previously

on limestone deposits in Alberta. Studies by Goudge (1945)
defined earlier developments and updated information was
later provided by Holter (1976). Investigations since that
time are included in discussions that follow for major
accessible areas of limestone occurrences within the
province (refer to Figure 1-4):

1l.) Southwestern Alberta
Crowsnest Corridor

Bow Corridor

Corkscrew Mountain Area

Cadomin Area

Entrance Area

Northern Foothills

)
)
)
) David Thompson Corridor
)
)
)
)

W 00 ~J O U =~ W N

Fort McMurray Area

The geological setting of the Cordilleran and
Foothills limestone deposits is typically characterized
by strata which dip to the west at medium to high angles.
Broad folding and intense inbricate thrust faulting is
commonly present thus resulting in preservation of erosionally
resistant units which strike northwest-southeast and may
be repeated two or more times across the disturbed belt.
Quarriable positions of any high grade deposit are limited
by severe topographic restaints which prove to be problematic
for access and proper quarry face development. Well
established transportation routes through the western side
of the province are few and environmentally sensitive
areas have been recognized over much of this area. Little
consideration is given herein to potential deposits which
may lie within the boundaries of federal or provincial

parks.

Carbonate beds that occur stratigraphically

below the Devonian Palliser Formation are dolomitic over



most of the Foothills and Front Ranges. The Palliser
demonstrates relatively consistent stratigraphy and chemical
composition along the entire length of the disturbed belt.
Although the limestone grades are generally high there

are some variations in the degree of dolomitization of

this material. Beds of the Mississippian Banff Formation

tend to be both argillaceous and dolomitic. The Mississippian
Rundle Group is comprised of wvariable quality rock both
laterally as well as vertically at any one location.

Some of the highest quality limestones are guarried from

this unit.

Strata in the Fort McMurray area are relatively
flat-lying and the local relief is low. The beds are
therefore mainly exposed along the more deeply incised
parts of the main river courses. Folding and faulting
influences are minimal and lateral stratigraphic or

compositional changes are not significant.

3.1 Southwestern Alberta

The area of the province south of Highway 3
and west of the Fifth Meridian is included for consideration
within the southwestern study sector (Figure 3-1). The
geology was mapped by Price (1961l) and the only published
field work carried out to date to evaluate filler-grade
limestones in this region is that of Hamilton (1987).
Two samples of the Proterozoic Altyn Formation were collected
by Hamilton from outcrops of white-weathering, very light
grey dolomite outside the Waterton Lakes Park along the
West Castle River.

For details concerning the stratigraphy and
structure of the area the reader is referred to the above-
noted publications. Reference will be made to results

of the analytical work later in this report.
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3.2 The Crowsnest Corridor

Geological mapping of the limestone-bearing
Paleozoic formations is derived from Norris (1955) in the
Blairmore area and from Price (1961l) through the Crowsnest
Pass region to the west (see Figure 3-2). MacDonald and
Hamilton (1981l) carried out a more recent assessment of
the limestone prospects in the area in order to define
possible additional reserves for Summit Lime Works Ltd.
operations near Crowsnest Lake. As a result of this work
Hamilton (1987) carried out additional testing of the
rocks of the Devonian Fairholme Group in the adjacent
Phillipps Pass to investigate the potential use of these
strata as filler materials. Samples of light-colored
dolomite were obtained from within and immediately below
the reefoid Peechee Member of the Southesk Formation
(PHP-6 to 13). The Summit Lime Works was visited by the
writer in February, 1989 and limestone samples were obtained from
quarry operations at the west end of the deposit, on the
north side of the Pass (SL-89-1).
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3.3 The Bow Corridor

Geology of the Bow River valley indicated in
Figure 3-3 is from compilations by Price (1970). Extensive
industrial development of the local limestones has taken
place over many years. Quarries were opened in the Cambrian
Eldon Formation by Loders Lime at the east entrance of the
corridor near Kananaskis but these now lie abandoned.
The property is currently controlled by Continental Lime
Ltd. A lime plant near Exshaw operated by Continental Lime
obtains rock from a quarry near Highway 1A east of Canmore
within beds of the Mississippian Livingstone Formation.
Lafarge Canada Inc. quarries rock from the Devonian Palliser

Formation near Exshaw for local cement production.

Hamilton (1987) sampled the light-colored Eldon
limestones both within the old quarries at Kananaskis
as well as along Highway 1 (KQB, KQC, and KR sample series).
The writer was able to revisit the area in February, 1989
to sample Quarry B (the middle opening) at the abandoned
Loders Lime site (samples LL-89-1 to -10). Limestone
feedstock was also obtained from the Continental and
Lafarge Canada operations (CL-89-2 and LCI-89-1, respectively).
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3.4 Corkscrew Mountain

Limeco Products Limited of Rocky Mountain House
holds quarry rights on a property on the southwest flank
of Corkscrew Mountain along the Forestry Trunk road (Highway
940; see Figure 3-4). The indicated Paleozoic geology
is from Ollerenshaw (1968). This rock, which belongs to
the Mississippian Rundle Group, is trucked to Rocky Mountain
House where it is processed into a number of products
including poutry grits and livestock pellets (Berg, 1988).
Samples were obtained from the quarry during the duration
of the study (CMS-89-1) as well as previously by W.N.
Hamilton (WH-88-6).
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3.5 David Thompson Corridor

Geological map coverage of the David Thompson
Corridor has been obtained from a number of sources
including Douglas (1956, 1958) and Mountjoy and Price
(1974) . Paleozoic outcrops are shown in Figure 3-5a and
3-5b. One sample from the Mississippian Rundle Group
was obtained from the Nordegg Lime aggregate quarry
specifically for the testing of filler characteristics
(NL-89-4A) . Samples of Cambrian rock were earlier obtained
from exposures at Whirlpool Point, the Cline River crossing,
and Windy Point by Hamilton (1987; the WRP, CRB, and
WNP series). The Windy Point outcrop of the Eldon Formation
was sampled again in February, 1989 by this writer
(WP-89-1 to -23).

Hamilton inspected and sampled five outcrops
during the 1988 field season immediately west of Abraham
Lake. These intervals were not previously tested for
limestone quality. Sections WH-88-1, -2, and -5 occur
approximately 4 kilometres (2.5 miles) southwest of Windy
Point within the Devonian Alexo and Palliser Formations.
Section WH-88-3 is located within Palliser strata on the
north side of the Cline River valley along Highway 11
and section WH-88-4 was established at the south end of
Abraham Lake within Mississippian Rundle Group beds.
Details of Hamilton's work is included in Appendix. A of this

report.
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3.6 The Cadomin Area

The geology of the area was initally mapped by
MacKay (1929) and more recently in unpublished form by
C.W. Langenberg of the Alberta Research Council. Results
of the latter mapping are included in a review study of
the region by MacDonald and Hamilton (1979). Generalized
Paleozoic geology is indicated in Figure 3-6 and for details
of the distribution of formational units of the Mississippian
Rundle Group the reader is referred to MacDonald and Hamilton

(op. cit.)

One sample of Devonian Palliser rock from the
Cadomin guarry was obtained from the stockpiles of Inland
Cement in Edmonton during February, 1989 (IC-89-1l) for
analytical testing of filler quality.
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3.7 The Entrance Corridor

The area immediately outside the east entrance
of Jasper National Park, both north and south of Highway
16, has been geologically mapped by Lang (1947) and Mountjoy
(1959) . A summary of this work is indicated in Figure 3-7.
Four limestone sections were examined and tested by MacDonald
and Hamilton (1979) to provide information additional
to that contributed earlier by Goudge (1945) and Holter
(1976) . No gquarries are currently operating in this
region and no samples were collected to define potential

filler-grade materials from this area.



ALBERTA
RESEARCH
COUNCIL

MISSISSIPPIAN

Rundle Group
Banff and Exshaw Fms.

DEVONIAN

Tp. 50 Palliser Fm

Alexo Fm and Fairholme Group
[/
)) Rge. 27w5 | Rge 26w5

\ Thrust Fauit
\K Fold Axis

FIGURE 3-7
Geology of the Entrance Corridor

3/89
@MINPROBE@

Consultants Ltd.



3.8 Northern Foothills

Extensive investigations of limestone occurrences
have been carried out by MacDonald and Hamilton (1979)
northwest of Highway 16 to an area west of Grande Cache
(see Figure 3-8). Three principal localities were studied:
Rock Lake, Adams Lookout, and Smoky River-Clarks Crossing.
The latter two outcrop areas occur within the Willmore

Wilderness Park.

Relatively high=-calcium limestones were defined
within thin intervals of the Mississippian Shunda Formation
near Rock Lake. Encouragingly high analyses of CaCO3
were obtained for rock from the Devonian Palliser Formation
and Mississippian Pekisko Formation in the Adams Lookout
area. High grade limestone appears to be mainly confined
to the Devonian Palliser Formation at the Smoky River-
Clarks Crossing exposures. The geological coverage of these
areas was derived from Irish (1965) and Mountjoy (1963,
1980).

No limestone samples from the area were collected

for testing of filler gquality.
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3.9 The Fort McMurray Area

Upper Devonian outcrops of the Waterways Formation
are exposed along the Athabasca and Clearwater Rivers
in the Fort McMurray area (Figure 3-9). Details regarding
the geology of the region are available in Carrigy (1959)
and Norris (1963). The development of the AOSTRA
underground oil sands test facility northwest of Fort
McMurray provided access to samples of the Mildred Member
(sample UTF-89-1). Selection of typical or representative
sample from the mined out rock was carried out by B.
Rottenfusser. No testing of this member of the Waterways
for determination of limestone quality has been done

previously.
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4, ANALYSES

Limestone samples obtained during the early
part of the 1989 season were collected under adverse weather
conditions and within a very limited period of time available
to completion of the project. The results of the analyses
must accordingly be regarded as more or less representative
of the deposit characteristics but are not necessarilly
definitive. There was a bias directed towards sampling
producing properties in view of the fact that immediate
production could be realized if any filler-grade materials
were so defined. The Kananaskis quarries and the Windy
Point outcrop locations were exceptions in this regards.
The Loders Lime quarries at Kananaskis are essentially
exhausted of open face reserves and further development
here could only be considered by underground operations.
This mode of quarrying has been successfully adopted
by International Marble and Stone Company Limited (IMASCO)
in the Creston area to develop deposits of limestone,
quartzite, and granite. The resultant quarries yield
rock that is uncontaminated by overburden, lesser problems
are faced with inclement weather conditions, and the sites
are more aesthetically acceptable. Such quarry operations
could prove to be financially prohibitive unless the
by-product value is higher than normally realized for
such commodities as aggregates, lime, and cement. A high
quality filler may be a market success in this regards.
Both the Kananaskis and Windy Point localities were sampled
and tested because they indicated the presence of light-

colored material upon previous study.

The basic analysis program adopted for all the
limestone samples collected is shown in Figure 4-1. A
raw sample split of about 2 000 grams (4.4 pounds) was
subjected to crushing first by a Chipmunk jaw crusher
before being passed through a BICO disc grinder. A split

of this material was fine ground in an eccentric ring (swing)
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mill before being further subdivided into portions for
brightness testing, chemical analysis, and sedigraph
charting. Selected samples were also subjected to blending

tests.

Fine limestone sizes are generated at several
Alberta plants but none, with the exception of those
resulting from operations at Limeco Products, are produced
for a specific market. As noted earlier, the processing
cycle at the Rocky Mountain House facilities of Limeco
Products incorporates fine material into several agricultural
products. The sedigraphs of three fine limestone by-products
are shown in Figure 4-2. 1In the case of the Nordegg and
Continental operations the fines are the result of dust
collection circuits. The Nordegg material is remarkably
fine (3 microns, average) but is only produced in small
volumes and would not fulfill paper filler brightness
specifications with its rating of 50.7 percent.

Other results obtained during the course of this
study on raw quarry and outcrop rock are summarized in
Figure 4-3 and Table 4-1. All samples were subjected to
a similar degree of final grinding during laboratory
preparation but a wide range of particle sizes was generated.
Some samples achieved sizes as low as 10 microns whereas
others were in excess of 30 microns on average, It is
possible that there may be a correlation between these
observations and the relative performance to be expected
of each rock type in a commercial production circuit.
Brightness values recorded may be considered as conservative
since none of the samples were processed to ultra-fine

sizings.

All results obtained to date for brightness
testing and chemical purity may be considered in terms of
area and stratigraphy. To the southwest, the Precambrian
Altyn Formation samples of Hamilton (1987, see Figure 3-1)
analysed 71.1 to 74.8 percent brightness and CaCO. values

3
were low (40 to 46 percent). Further north, in the Crowsnest
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CaO
MgO
S

PO

275

Na20

KZO

A1203

Fe203

SlO2
L.O.I.

Total

CacCo

3
MgCO3

Brightness

— N T T g - T

1 1 [+)} (e} 1 [} (o)}

s F 3 X i s & 3 7

@ 8 4 8 8§ g g g

oty _ e e - . ; Lo
55.19 55.47 55.23 52.38 54.71 53.28 52.81 53.29 53.94
0.30 0.37 0.26 2.00 0.32 1.45 2.67 1.53 0.47
0.38 0.38 0.41 0.33 0.36 0.37 0.34 0.38 0.42
0.02 <0.01 <0.01 <o0.01 <0.01 <0.01 <0.01 <0.01 <90.01
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01
<0.01 <0.01 <0.01 0.05 <0.01 <0.01 <0.01 0.10 0.03
0.33 0.37 0.38 0.58 0.30 0.32 0.35 0.60 0.61
0.03 0.04 0.04 0.12 0.02 0.02 0.11 0.14 0.25
0.23 0.52 0.17 1.21 0.01 0.83 0.22 1.96 1.03
43.51 43.64 43.48 43.31 43.54 43.70 43.86 42.90 43.23
100.01 100.82 100.00 100.00 99.29 100.00 100.39 100.94 100.00
98.50 99.00 98.57 93.48 97.64 95.09 94.25 95.11 96.27
0.63 0.77 0.54 4,18 0.67 3.03 5.58 3.20 0.98
74.83 62.42 81.34 46.34 71.85 46.92 72.25 52.84 67.52

TABLE 4-1 Summary of 1989 Analyses



Pass area (Figure 3-2) the Peechee Member of the Devonian
Fairholme Group showed brightess values of 57.2 to 69.7
percent and CaCO3 contents of less than 60 percent (Hamilton,
Op. cit.) The Summit Lime Works sample collected for this
study (SL-89~1) showed nearly 75 percent brightness for a
very high grade limestone (98.5 percent CaCO3) .

The potential for filler grade limestones in
the Bow Corridor (Figure 3-3) was reviewed by Hamilton
(1987) to indicate that the Cambrian Elden Formation may
show brightnesses as high as 79.5 in quarry beds that
contain as much as 97 percent CaCO3. Dolomitic interbeds
showed lesser brightness values. Samples taken from along
Highway No. 1 were also relatively light in color (73 to
78 percent brightness). Testing of the 1989 sample suite
(LL-89-~1 to -10) confirmed the previously established
values for Quarry B (8l.3 percent brightness, 98.6 percent
CaCO3). The Mississippian quarry-run material collected
in early 1989 from Continental Lime facilities indicated
a brightness of 62 percent and extremely high CaCO3 values
(99 percent; sample CL-89~-2). The Lafarge Canada rock
(LCI-89-1) ran very low in brightness (46 percent) and
contained 93.5 percent CaCO3.

Materials from the Corkscrew Mountain quarry
of Limeco Products showed promising results (72 percent
brightness, 97.6 percent CaCO3) but would not be satisfactory
alone for fine paper filler specifications (refer to
Figure 3-4 for site location).

Previous work by Hamilton (1987) in the David
Thompson Corridor (see Figures 3-5a and 3-5b) concentrated
on the evaluation of Cambrian deposits. Rock from the
Cathedral dolomites at Whirlpool Point (the WRP test series)
analyzed 52 percent brightness and 53 percent CaCOj3.
Outcrops of the Lynx Group at the Cline River crossing
(CRB-31) were noted to yield rock which is both highly
dolomitic and silty with brightness values rated at 65
percent. '



The Eldon beds at Windy Point (the WNP series)
varied in brightness from 72 to 76 percent and CaCoj
grades were high (97 to 99 percent). Analyses from the
1989 suite at the same locality (WP-89-1 to -23) were
towards the lower end of this range of values (72 percent

brightness, 94 percent CaCO3).

The upper limestone beds of the Nordegg Lime
quarry showed surprisingly low brightness values of its
visual appearance (47 percent) in quarry run rock and
51 percent from fines from the aggregate plant. The
CaCO3 values were relatively high (95 percent) and the
only constituents that would otherwise prove to be detrimental
were the slightly higher SiO, contents (0.83 percent)

and the small but visual amounts of organics.

A stratigraphically lower limestone bed on the
same property which has not been exploited to date indicated
a brightness of 58.4 percent from drill cuttings. Chemical
analyses run on these samples in a commercial laboratory
by the company were similar to those obtained for the upper
bed.

To the north, at Cadomin (Figure 3-6, the
single Palliser Formation sample originating from the
Inland Cement quarry (IC-89-1) showed a low brightness
(53 percent) with relatively high silica (1.96, as tested).

The material obtained from the Devonian Waterways
Formation in the Fort McMurray area (UTF-89-1, Figure 3-9)
tested a 68 percent brightness, over 96 percent CaCO3 and
noteably, an SiO2 content of over one percent.

None of the Alberta limestones investigated
meet the brightness requirements of a GCC paper filler
material by most current standards. However, one procedure
which may allow for some use of local material is one of
blending with a high-grade product from outside the province.
Commercially produced grcund limestone from the IMASCO



plants near Creston and at Surrey were obtained to act as
test blend standards in this regards. These were rated as

6H and 7H company products respectively (see Figure 4-4).

The program to determine the influences of
blending the IMASCO 6H material and a number of Alberta
limestones is shown in Figure 4-5. It was arbitrarilly
considered that the use of at least 50 percent Alberta
GCC product should be anticipated in any one blend such
that laboratory batching with the standard was carried out
in percent proportions of 50:50, 60:40, and 70:30. The
resultant blended samples were each subjected to brightness
and size analyses. Two of the brightest limestones were
chosen for blending: the Kananaskis (LL-89-1) quarry
rock and the Windy Pcint outcrop strata (WP-89-1 to =-23).

In addition, the Continental Lime (CL-89-2) and Inland

Cement (IC-89-1) materials were also included in the program
in order to represent Alberta limestones of both intermediate
and low brightness. Graphical presentations of all four

test series are provided in Figure 4-6 and data listings

are given in Table 4-2.

A further synopsis of the effects of blending
on brightness values is shown in Figure 4-7. A family of
curves has been plotted in an attempt to accomodate
limestones with various percentages of the IMASCO 6H material.
Blending with a different standard of brightness would
obviously alter the plots. Assuming cuttoffs of 80 percent
minimum brightness and 50 percent or more Alberta limestone
content in a given blend it is possible to delineate
an area cof the family of curves within which a more
acceptable product would result. The Kananaskis limestone
could achieve an increase in brightness to about 88 percent
at the 50 percent mix limit. The Windy Point limestone
would also be rated at an 80 percent brightness if blended
at a ratio of approximately 63:37. At the 50 percent
blend level the same rock would have a brightness value
of about 83 percent.
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SAMPLE BLEND RATIO, BRIGHTNESS
Raw:Standard

IMASCO 6H 94.19

CL-89-2 62.42
70:30 71.74
60:40 73.95
50:50 77.26

IC-89-1 52.84
70:30 64.66
60:40 68.30
50:50 71.93

LL-89-1 to =10 8l1.34
70:30 86.10
60:40 87.19
50:50 88.33

WP-89-1 to =23 72.25
70:30 79.08
60:40 81.53
50:50 83.44

TABLE 4-2 Summary of analyses of 1989
blended samples
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A comparison of GCC and PCC analysis data is
relevant to the choice of filler types to be used. As
may be noted in Figure 4-4 the PCC product of Continental
Lime has an extremely narrow range of particle sizes
in comparison to the GCC plots. It should be reiterated
here however, that the IMASCO products are not ground
to ultra-fine sizes and are not intended for, nor are
they currently being utilized within, the paper manufacturing
industry. The chemical analyses of the processed products
are listed in Table 4-3. Although the IMASCO limestone
has very high purity the precipitated product of Continental
Lime is almost virtually pure CaCO3.

Scanning electron micrographs of the selected
standards also provide additional useful observations
(see Plates 4-1, 4-2, and 4-3). The IMASCO 6H and 7H
products are predictably comprised of highly angular
fragments of various dimensions within the size ranges
achieved by final grinding in a dry ball mill. The
Continental Lime PCC material is made up of loose clusters
or rosettes of calcite crystals of uniform size and

shape.



Cao
MgO
§io

Fe, O

P205

MnO
Pb

Ry05

L.O.I.

CaCO3

MgCO3

Typical Chemical Typical Chemical Chemical Analysis
Analysis of Analysis of of Continental
IMASCO GCC Continental Lime Lime (Tacoma) PCC
Product qguarry rock from Product by Alberta
Exshaw Research Council
54.65 55.1 55.87
0.54 0.4 0.26
0.44 0.7 0.14
0.35 0.08
0.35 0.02
0.01
0.03
0.02
0.01
0.29
0.01
0.008
0.2
43.4 43.3
97.53 98.34 99.71
1.13 0.84 0.54

Brightness: 93.98

96.04

TABLE 4-3

(6H) 62.42 96.68
(7H)
Comparison of analyses of GCC and PCC

Products



PLATE 4-1 Scanning electron micrographs of two
IMASCO grades of GCC product.



PLATE 4-2 Scanning electron micrographs comparing
IMASCO 6H grade of GCC product with
Continental Lime PCC product
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PLATE 4-3

Scanning electron
micrographs of
Continental Lime
PCC product.

(S.E.M.s courtesy
of Continental
Lime)




5. CONCLUSIONS

fhe testing of Alberta limestones to date
indicates that fine paper fillers cannot be produced
by ultra-fine grinding utilizing rock from local sources
due to inherent low brightness factors. However, it
may be feasible to exploit at least two occurrences
(the Kananaskis and Windy Point deposits of Cambrian age)
for blending with high grade GCC products from outside

the province.

Current trends in the industry strongly suggest
that PCC will be favored over GCC (and other mineral fillers)
for future paper filler requirements in mills operating
under alkaline conditions, for several technical and
economic reasons. It is reasonable to expect that Alberta
limestones may be further developed as feedstock for such

production.

Data summarized in Table 4-1 indicate that
Alberta limestones would generally be potentially suitable
for production of precipitated calcium carbonate. However,
as pointed out elsewhere herein, the ability of a given
limestone to produce a high grade lime can only be determined
with certainty through a kiln-burn test utilizing a full

charge sample.

The Continental Lime plant at Exshaw produces
lime from limestone locally quarried from beds of the
Mississippian Livingstone Formation. The lime has been
successfully used in the satellite PCC plant at the
Weyerhaeuser pulp and paper mill at Prince Albert,
Saskatchewan, where PCC is a constituent in the production
of fine paper.



6. RECOMMENDATIONS

Any future programs devoted to the study of
Alberta limestones should include analytical procedures
designed to define filler specifications. Attention
should be specifically given to the development of a
comprehensive laboratory program for testing high calcium
limestones for PCC production characteristics. A suggested
format for evaluation of a rock to determine its pétential
for successful manufacture of a precipitated product
is cutlined in Figure 6-~1. In order to effectively carry
out this program laboratory procedures may require further
modification and sophistication to match or even exceed
industry standards. Contact should be maintained with
manufacturers and users outside the province to ensure that
all current aspects of PCC utilization are understood.
Any future prcject undertaken should involve extensive
literature searches for published information regarding
developments in filler production and useage.

It is proposed that at least two high quality
Alberta limestones be subjected to testing for possible
PCC production through a program carried out in consultation
with knowledgeable industrial firms. By this means an
understanding of the potential for expanding the use of
limestone resources of the province into this market

may be realized.

Preparation of filler-grade materials on a
pilot plant scale may be justified to more conclusively
prove the viability of using limestones suspected to be

of favorable quality.
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8. APPENDIX A. PROSPECTIVE LIMESTONES IN THE DAVID THOMPSON CORRIDOR

This section presents the results of field sampling and analyses of
limestones that were not tested previously in limestone resource studies
for Alberta. These are limestones exposed in the David Thompson
Corridor, the last of the major mountain pass regions in Alberta where
data were lacking.

Location and Physiographic Setting

The David Thompson Corridor is the region adjoining the North
Saskatchewan River where it transects the Foothills, Front Ranges and
Main Ranges of the Alberta Rocky Mountains, as shown in figure 8-1. The
David Thompson Highway (Highway 11) traverses the Corridor from Nordegg
west to Saskatchewan Crossing.

The mountains in this area have a northwest-southeast structural
grain and form rugged topography, rising to 2550 m in average elevation.
The valley bottom has an elevation of about 1330 m and is flooded in
large part by Abraham Lake, formed by the Bighorn Dam on North
Saskatchewan River. NTS sheet "Brazeau 83C" (1:250 000) covers the
area.

Access in the Corridor (from Windy Point west) is restricted to the
north side of the valley, along Highway 11. There are no vehicle bridge
crossings of the North Saskatchewan River (or Abraham Lake) and no roads
exist on the south side. The Corridor is not serviced by rail.

Geologic Setting

The regional geology and major structural divisions of the Rocky
Mountains in the David Thompson Corridor are shown in figure 8-1.
Detailed geology is presented in figures 3-5a and 3-5b. Geologically,
the area includes three broad structural segments corresponding to the
Foothills, Front Ranges and Main Ranges, all bounded by major thrust
faults. The McConnell Fault marks the eastern boundary of the Front



Legend - David Thompson Corridor

Mz Mesozoic
Pzu Upper Paleozoic (Devonain-Permian) -
PzL Lower Paleozoic (Cambrian-Ordovician) ',_J
P Precambrian !
Geological Contact '
—4___A— Thrust Fault

o Limestone sampiing sites

- NIFFLEUR
“WILNERNESS

15 R 15

R 17 R 18 WEST OF THE FIFTH MERIDIAN

FIGURE 8-1. Regional geology of the
David Thompson Corridor

Tp 41

Tp 40

Tp 39

Tp 37

Tp 36

4 Te 35

J. 52+ o0
ng* 00’



Ranges, thrusting Paleozoic rocks onto Mesozoic rocks of the Foothills.
The Front Ranges extend westward 40 to 45 km to the Main Ranges thrust,
exposing mostly Upper Paleozoic rocks in three major thrust sheets
(McConnell, Sulphur Mountain and Siffleur sheets), with strata dipping
moderately to steeply southwest.

The Lower Paleozoic rocks comprise mainly thick carbonates of the
Cambrian Formations (figure 8-2). These rocks were assessed previously
for limestone quality with respect to ground calcium carbonate (GCC)
potential, the primary assessment criterion being Brightness. Upper
Paleozoic carbonates, because of their characteristic gray colour (i.e.,
low Brightness), were not included in that investigation.

In the present study, attention is focussed on the Upper Paleozoic
carbonates for potential as source material for precipitated calcium
carbonate (PCC). The Upper Paleozoic formations also consist dominantly
of carbonates, as shown in figure 8-2. Of particular interest are the
Devonian Palliser and the Mississippian Livingstone Formations,
limestone-bearing units with proven capability for high-grade limestone
production in other areas.

Previous Study

Until relatively recently (last 25 years) the David Thompson
Corridor region was somewhat remote from Alberta's industrial markets
and had only minimal road access. As a result, resource studies for the
region are deficient. The geology is mapped on a reconnaissance scale
(Verrall, 1968), but detailed mapping exists only for NTS map sheets
83C/1 (Mountjoy and Price, 1974) and 83C/8 (Douglas, 1955). The
stratigraphy of the region is not well documented.

Previous limestone investigations focussed on the Cambrian
Cathedral and Eldon Formations (Hamilton, 1987). These formations were
prospected as potential host units of light coloured limestone suitable
for ground calcium carbonate (GCC) paper filler. For GCC, the primary
assessment criterion is Brightness and the Cambrian carbonates seemed to
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offer the best prospects. In fact, the Eldon Formation limestones
yielded among the highest Brightness values obtained for Alberta
limestones, although still well below required levels. Chemical
analyses data also indicate very high purity for the Eldon limestones at
Windy Point. In the Cathedral Formation, however, the carbonates are
mainly dark coloured dolomites.

Fieldwork and Testing

Palliser and Livingstone Formations were examined and sampled at
three sites in the Corridor (figure 8-1), two for the Palliser and one
for the Livingstone. Fieldwork was carried out in August 1988.
Sections of the formations were measured and sampled completely through
available exposures, with sampies taken at 1.0 m intervals across the
bedding. The samples were then combined into intervals of uniform
lithology, for subsequent laboratory processing and analysis.

The principal evaluation criterion for limestone as PCC source rock
is calcium carbonate purity. This is not a perfect indicator. The end
quality being sought is amenability to calcining, with a high yield of
high-purity calcium oxide. Some very pure limestones, for various
reasons (Boynton, 1980), will not calcine satisfactorily in actual lime
kiln operations. However, short of full scale kiln-burn trials with
bulk tonnage samples, the chemical analysis is the best available test.
Samples obtained in this study were subjected to standard analyses for
calcium carbonate purity.

Selected sample intervals were also tested for Brightness.
Although not a test criterion for PCC limestone, it is potentially
useful data for other limestone applications.



Test Localities

Site I—Palliser Formation

Geology and site sampling

The Palliser Formation is exposed on the McConnell thrust sheet in
an outcrop band that intersects the Corridor about 3.5 km west of Windy
Point (figure 3-5b). A fault runs along the outcrop band near the
middle of the formation, so that no complete section of the Palliser is
available at this site. Total thickness of the formation is not
determined.

The Tower part of the formation (east of the fault trace) forms a
prominent ridge that descends to the valley floor into a slight
projecting spur. Palliser beds, and beds of the underlying Alexo
Formation are exposed in a roadcut where Highway 11 crosses the toe of
the spur (figure 3-5b). This exposure was measured and sampied as
Section WH88-1. A similar interval sampled from ridge outcrop just
above the road is Section WH88-2.

The'upper part of the Palliser Formation (west of the fault trace)
also forms a projecting ridge feature. On this ridge, the strata are
folded in an anticlinal structure, the east limb truncated by the fault.
On the west limb, the succession forms a dipsiope to the ridge. A
section of these strata exposed on the nose of the ridge, about 500 m
north of Highway 11, was measured and sampled as Section WH88-5.

Lithologic descriptions of the sections at Site I are given in
appendix B.

Analytical results

Chemical analyses of the Palliser limestones at this site are
presented in appendix C, samples WH88-1, WH88-2 and WH88-5. The
selected sample intervals and carbonate purities are shown on the



lithology logs, figure 8-3.

The lower Palliser limestones all show high carbonate purity,
generally 98 percent or higher, with significant content of MgCO,.
Values for MgCO, run fairly constant at between 5 and 7 percent, except
in the basal 16 m interval of Section WH88-2 where it drops to less than
2 percent. The equivalent interval sample for Section WH88-1 includes
some argillaceous beds from the underlying Alexo Formation, so the
analyses are not directly comparable.

The Upper Palliser limestones (section WH88-5) also show high
carbonate purity but with greater variability in MgCO,, ranging from as
low as 1.6 percent to 17.7 percent.

A single Brightness test of a selected interval of upper Palliser
limestones yielded a value of 48.6 percent (figure 8-3).

Quarriabilty

Site I presents moderately favourable quarrying situations. At
Sections WH88-1 and WH88-2, massive bedded limestones dipping steeply
(70°) southwest form a sloping ridge mass up to 100 m wide over a strike
length of 200 m, directly adjoining Highway 11. However, recoverable
reserves are small due to limited depth of quarriability, probably less
than 2 million tonnes.

At Section WH88-5, the upper Palliser limestone beds in a dipsliope
situation present ideal quarrying conditions. However, the
inconsistency in quality makes quarriability of commercial grade
tonnages uncertain.

Site II—Palliser Formation

Geology and site sampling

A second band of Palliser Formation is exposed in the Corridor, on
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the Sulphur Mountain thrust sheet. The Palliser outcrops on a range
that runs parallel to the Corridor in this sector, but is transected by
the Cline River to expose a compiete section of the formation at the
mouth of Cline River Canyon, about 1 km west of Highway 11

(figure 3-5b). This section was measured and sampled as Section WH88-3.
The section is on the flank of a synclinal fold structure, with the beds
dipping southwest at 50°. Total thickness of 260 m was measured for the
Palliser Formation. A lithologic description is given in appendix B.

Analytical results

Chemical analysis of Palliser limestones at Site II are presented
in appendix C, samples WH88-3. A lithology log of Section WH88-3
showing selected sample intervals and carbonate purities is given in
figure 8-3.

The analytical results are comparable with those for the Palliser
limestones at Site I. The Timestones show high carbonate purity
throughout the formation, generally 98 percent or higher, with MgCO,
contents ranging from 2.6 to 9.0 percent (though mostly in the 5 to
7 percent range). Only one zone, near the middle of the formation,
tested as low-magnesium, high-purity limestone. This zone is 45 m
thick, represented by samples WH88-3-8 and 9 (figure 8-3). The zone was
also tested for Brightness and measured 50.5 percent.

Quarriability

Site II is the nose of a ridge formed of west-dipping limestone
beds, presenting a favourable quarrying situation on the ridge as it
descends to the floor of the Cline River valley. However, the limiting
factor to quarriability could be limestone quality. If the only
exploitable zone in the Palliser was the high-purity limestone near the
middle of the succession, its recovery could be hampered by excessive
overburden.



Site III—Livingstone Formation

Geology and site sampling

The Livingstone Formation (lower unit of the Rundle Group) lies
above the Palliser, separated by a 300 m interval of shaly strata of the
Banff and Exshaw Formations (figure 8-2). The Livingstone occurs in
broad outcrop bands on both the McConnell and Sulphur Mountain thrust
sheets, repeated on both sheets by subsidiary thrust faulting
(figure 3-5b). However, accessible sections are rare. No suitable
sampling site was found on the McConnell sheet, but a site on the
Sulphur Mountain sheet is present opposite the south end of Abraham
Lake. Here, a fairly complete section is exposed at the end of a ridge
that plunges into the North Saskatchewan River valley (figure 3-5b).
This section was measured and sampled as Section WH88-4. The strata dip
southwest at about 50° over the measured interval of 310 m. A
lTithologic description is given appendix B.

The Livingstone Formation in this area was subdivided into three
map units for geologic mapping (Mountjoy and Price, 1974); the Pekisko,
Shunda and Turner Valley formations. The formation boundaries are not
clearly defined and could not be identified with certainty in Section
WHB8-4, but are placed approximately as shown in figure 8-3.

Analytical results

Chemical analyses of Livingstone Formation limestones are presented
in appendix C, samples WH88-4. The sample intervals and carbonate
purities are shown on the lithology log for Section WH88-4, figure 8-3.

Results of analyses of samples WH88-4 are highly variable,
reflecting lithologic variances observed for the Livingstone limestones
(appendix B). 1In the lower part (Pekisko Formation) the limestones are
shown to be fairly dolomitic, with MgCO, contents ranging from 5.2 to
13.2 percent. Carbonate purities vary considerably as well, from 92 to
98 percent, due to siliceous matter in the lower 35 m interval.



The middie Livingstone (Shunda Formation) limestones are also
relatively impure, due to siliceous matter throughout, and MgCO,
contents from 15 to 17 percent in the upper 25 m.

The upper Livingstone (Turner Valley Formation) exposure in Section
WH88-4 is not complete, the uppermost 100 m or so of formation interval
being covered. The exposed beds are dolomitic limestones, with high
carbonate purities (98+ percent) and MgC0, contents from 8.5 to
25.9 percent.

A single Brightness test on Livingstone limestone, from a 26 m
interval near the middle of the formation (figure 8-3) yielded a low
value of 36.5 percent.

Summary of Results

The results of this study of Upper Paleozoic limestones in the David
Thompson Corridor are summarized in table 8-1. Analytical results are
presented in appendix C and figure 8-3.

The Palliser Formation is characterized by relatively uniform
limestone lithology, and the limestones show consistently high carbonate
purity (98+ percent) throughout the formation. The limestones are
dolomitic, with MgCO, contents commonly in the range of 5 to 7 percent.
Only one zone of low-magnesium limestone was identified, over a 45 m
interval near the middle of the formation, where MgC0O, content dropped
to 2.6 percent (figure 8-3). Non-carbonate impurities are mainly silica
and alumina, from minor argillaceous content rarely exceeding 2 percent.
Low Brightness values, from 48.6 to 51.5, reflect the strong gray colour
of the rocks.

The Livingstone Formation has considerable lithologic variation
(figure 8-3, appendix C), and accordingly, wide variation in the
chemical composition of the limestones. 1In general, the Livingstone
(Pekisko, Shunda and Turner valley) limestones are relatively impure as
a result of their dolomitic and/or siliceous nature. No significant
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Table 8-1. Summary of Results, Upper Paleozoic Limestone Study, David Thompson Corridor
Quality Indicated
Locality Format ion CaC0,(%) MgCO0,(%) Brightness(%) Thickness(m) Reserves(t) Quarriability
Palliser, upper 88-97 2-9 48.6 80 10M Good; dipslope
Avg 92 Avg 6
Site I
Palliser, lower 91-98 2-1 49.9- 99 <«2M Good; dipslope
Avg 93 Avg 4 51.5
Palliser, total 89-96 2-9 - 259 >50M Good; dipslope
Avg 92 Avg 6
Site II
Palliser, middle 93-96 2.6 50.5 45 ? Fair/Poor; steeply
zone Avg 95 dipping beds in
interval near
middle of section
© Turner Valley 71-90 8-26 - 102 -
c Avg 84 Avg 15 No Timestones
- encountered of
Site III o Shunda 77-96 2-17 36.5 115 - quality suitable
'z Avg 89 Avg 7 for industrial use
~ Pekisko 76-90 5-22 - 72 -
Avg 84 Avg 13




zones of high calcium carbonate purity are indicated in any part of the
succession. The only Brightness value obtained for Livingstone
limestones was 36.5 percent for a zone near the middle of the formation.

Conclusions

Upper Paleozoic limestones of potentially exploitable quality exist
in the Devonian Palliser Formation. In the Mississippian Livingstone
Formation, the limestones appear to be of submarginal quality for
industrial use, particularly as PCC source rock.

The Palliser limestones are dolomitic but generally have high
carbonate purity. Argillaceous content (Si0, + A]203) is less than
2 percent. The magnesium content (5 to 7 percent MgCO,) is detrimental
to the use of limestone for cement making but does not necessarily
disqualify it for 1lime manufacture. Magnesian lime does account for a
significant proportion of lime produced for the industrial market
(Boynton, 1980). It is not determined, but seems probable that a
slightly magnesiam lime could serve as effectively as high-calcium lime
for PCC production. More important would be the content of non-
carbonate impurites such as iron, silica, and alumina (0"Driscoll,

1988).

Sufficient outcrop and thickness of Palliser limestones exist in
the David Thompson Corridor that it should not be difficult to locate
quarrying sites with large tonnages. The sections measured and sampled
for this study, chosen primarily for accessible exposure, are also sites
with good quarriability.
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+ T T Y gllluxdal (calcarinite), thick bedded/sassive, adundant H
¥ 1+ [TTrTTTT]mispy lasinae of resistant (s11t?) saterial, se. graines clastic. |
HH88-2'4 -+ Lk IllIl IIl :
:: 11 lll‘l lll ;
::'S Lle 1r1 I !
-+ Y ... r E
4 -9 FIETTILE (38.0-44,0 LINESTONE: DOLOMITIC, serequiarly mottled, fine :
<4 Lo it r LR crystalline, thick besdes. H
T AR EE :
F 6 Eoere ;
- I L’b:b‘:&y :
WHEB-2-3 N 9 fRRLEET] 5
+ Lok dk (44,0-57,0) LINESTONE: DOLONITIC, sed-dart grey, sottled, :
- Lt r] weathered surface sec. grey, occ. eed. ben. qr!} aec. bedded, :
+ DI FEETE T lllpl s1lt laminae and siliceous poos, f.crysta 1xne. becosing ;
T o kktlebod thicker bedded upwards. :
5% . I k& i
b TIX '
I I '
I - H
80 0 TR (57.0-64,01 LINESTONE: DOLOMITIC , as below but less sottied, :
T it ieitd thick bedded/massive, dlocky, f.crystallane,
EERWEE] H
T ITEREARI )
T '
:: X ;j‘i}bbi X
:: }hlhjzhki XX
T T BT (64,0-82,5) LINESTONE: DOLOMITIC, sed-dark grey, weathered
T T surface aed, grey. aore aottied than abovea sicro-f.crystalline,
WHEB-2-2 X L LILL] sl. siity with wispy s1lt lasinae, thin-sed.bedded.
_-75 TXIXT T
T 7 i
-+ IIXIX
- kb x k
w - ) XEEE
:: bb‘l‘ht}"l" x
T EEIEELD (g s-00.0) LINESTONE: aedi thered surface sed
-+ T (82.5-84, : sedius_grey, weathered surface sedius
:_—5 1'1'1'?1 o grey, slaghtly silty, lu:ro-hae cr'-ysmlmc, pelloadal.
- 2 L1 I
3 'SEEEEE s .
j. T T LT ITT (84.0-98.0) LINESTONE: sed,grey, sicro-crystalline, sl.
WH88-2-1 Q 9 ELIATy sandy/siity g!llmm._mt .rl clear spar gatcnei, sass1ve
+ rirlebrlrlt bedded, Scattered fossi] resains (gastropods?). Above BBa becomes
T mmmmwe doloaitic, sottled. 84-88a strongly aottled.
::_5 1Y Illjrll
T TI1
T TITT L
4 (98.0-98.0) Lowest exposure on east side of spur.
10 i




Section WrEe~2

W.N. Ram:lton

B. F.laes
5 Auc. 198€

Section of Falliser Formation exposez at mouth of Zl:i:ne A:iver

carvon,

nesth

s1de, On spur proyecting acw- =5 Z.li-g2 [iver L

above junct:on

WH88-3-13

©
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wi1th Abranam Lake. Sect Zizooing 40 cegrees

(s
>

LI THOLDEY DESCRIPTION

TTT-T] (0.0-19.0) LINESTONE: SILTY, dol., 1t/eed gr., wthd.surf, sed.gr,

L T-T-7-Ti thn/eed bdd., platy in some zones, distincfly lasinated » 511t :n

L-L-T-1-] lower part and v. silty grading 2o sitst. lone blk, cnert noos.

T T-T} at top of umit, nods.conc. along stratig.lines,

(19.0-29.0) covered interval

e (29.0-30.0) LINESTONE: SiLTY, dol.,f./mcro zin,, thick bdd., 1t.

grey, wthd.surf. sed.grey.

(30.0-44.0) covered interval

(84,0~44,5) LINESTONE: ARGILLACEOUS, dk. grey, thin ddc./platy,

i recessive.
Arirrririrl (44,5-51,01 LINESTONE: aed./dk. grey, wthd.suré. sed qre! ncro
xin,, detratal in part with some §/sed g. mat.; some sca {,

IIIIITI;ITI I tusilar borings & silt lenses, med boC., si. resist, Upper ln

has abnt. tubules with mec rn grey Iot{lan.

IITXTT :21.0—57.0) LINESTONE: tubular mottled, alternating w sed, grey

L LLLLL dal. ist,, as below. Tubular bangs tninner and iess frequen

TLLILLI upmard, Irreg. silty bands throughout.
T

i
T T T (57.0-63.0) LINESTONE: with tubular struct. as below, alt. .

TLLTILIT bands silty dol./I1st.; bands 0.6a thick, siity bands gln.

piyrrlrird FeCessive, finely laminated. Unit sooerately resistan

(83.0-64,0) DOLONITE: mt; 1t. ben. grey, wthd, surf. apd./dk.
?r!y thin bdd., blocky/rul bly.

84.8-67.01 covered, Qutcrop upslope 1ndicates thin/eed.bdd.,
recess. unit.

WH88-3-12

WHB8-3-11

AT FUN U NN NN

-+
L I 1 1 T

AT G NN FNUNY

=]

dplrelel] (87,0-77,0) LINESTONE: sed./dk.qrey, sed. grey ben. aottlin
Apbrhrirledrld wthd. suré, un,grm abnt tubulzs,yhcro-x?n.yl f.lnn.qrugéd
v

LT getrital aat. in s, scattered s1lt lenses, oed.bdd., resist.

LI TT T {77.0-62,0) LINESTONE: sed./dk.grey, wthd,surf.sed.grey, v, apd

TXITIT brn sottling, abnt. tubular structs., sassive bdd.

alt,
Hoplrlor o Lol 809,040, 1001 4 71,50 silty bang 0.5a thk. w lenses

bdd. in 1rreg. sanner,
TIIIT of silt & nlty‘?st.ldnl.xnt!rlavnrn.

ALl (82,0-85,01 LIMESTONE: sed. /dk.grey, wthd.surd. nd.gny, sicro
xla, g etrital, sose clastic tnt.m_gart. thk.bd JInassive,
smai] patches sparry calcite, resist. unit,

LLLLL LI (83.0-105.0) LIMESTONE: nd.ldk.qnx, w.aed.brn, lettlinr; abnt,
LITITIT]tub, struct. on wthd, suef.; tubes f1lied x, f. g. det. [st., 1n

ITTTTLT mcro/f. xin. satrix, med./hk.bed. @ 93-95m tub. struct,

Ayl absent. § 99n zone calc. strings., up to 5 ca thk.

WH88-3-10

10

sastaaaalaeny

A

B BE BE &K B.

TTTT] (105.0-114.0) LINESTONE: eed.grey, sottled sed./dk. grey and
LAy LL L1 esd.ben, f. xln., breccisted 1n part, sed./thk. bdd.

L llr‘ L1 (114,0~119.0) LIRESTONE: as below, but thk./sed. bed.
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9-5
Section WH~88-3, Continued

T &5 IITTTOT (225.0-230.00 LINESTONE: wea. grey, wthd. suré, seo. grey, 4.
0 I D { a. b!‘!ECH ea i oar:, sec..thk, boc., ~uddiy 2anaS w arg.
o ayefs. FPartly coveres Intervai,

; m

dodod ol l‘l'l
E llYI’I [JFT1
WHBB-3-4 <3 LILT LTI (230,0-246,0) LIMESTONZ: as below. Abnt. wtne. lamnae of
T TITTTT ] dolosite (?) or siit (%), Alt, thin and thc, bod. Sose sotiling
Ll LLI 10 grey and ben,  Distinct iasination.
w w 1l 11111:r
lJ 'Il:lllil 1
g
- 46 LTI T
i bl
f
e =
ImEae
% CTTTTTTS (248.0-263,0) LINESTONE: si. dol., med. qr., wthd. suré. aeq.
x5 il lebnie Dl gP o thi.Ddd. » 1nterocc, z0nes ruhblz. sl, reces. lst,, ¢./enc.
oy 1ln., clastic 1n part, pelicical, scat. calc. bleps, Some pegs
Renan abnt. raised laminae rougs xtais. on wtha.surs. (dol?)
WH8B-3-3 Ay TTTTT
4 IR
" : 11’1‘ il
R DA e
& T T (263.0-272,0) LINESTONE: sec. grey, wthd. surf. sed. grey,
el O0C. /thE, DA, 5., i£Ss resistant, sosewnat rubbly, f./sed.
rorble el X0, 08511 resains.
m I m s

] (272.0-276,0) LINESTONE: s). dolomitic, sec. grey, wthd. surs.
T T 8ed. grey, aed. dCC./mas., f. zln., some :ntervals aore doidsitic
5 LI TTT] then cthers.

WHB8-3-2 m

LLLLL (276.0-291.0) LIMESTONE: si, dol., di. rey, wtne, surd. sec,
T Jrey, {./eed, rin., sassive, soc, resistant, Jec. bangs sudbly,
T T LTI sl recess, ist. S:att. patcres & veinlets calcite. decess.
. Jmmen: ] rubbly 1 o band § Zics, w sose thn. arg. interiayers,

T T
m - m ) R .ljllil
% PO (291,0-299.0) DOLONITE: CALCAREDUS, ok, grey, wthe. surf. aed.
Ml qPRY, S0, bOd., ruldly, sl. recess., f.zln., scat. caicite
i Y 7~ f
T xtals. Graoes upwaro 1nto do). lisestone.
WH88-3-1 .
W Wz (299.0-305,0) DOLONITE: CALCAREDUS, wed./dk. grey, atcro-f.xin.,
Mpilim] DPRCCIated, Wthd. surf. awd, grey, sl. recess., aec./thn. 300.
IV ARV AR 4
v 4 v
] {305.0-305.0) base say be 5-10s above actual contact with Alexo
Foraation,
i -



Section wHEE-4

W.N, Hamilzon

Sect:0n 2f Missiprian Livingstione Fm. at cree+ crossing Javis
Thompson Hignway, 12 km 5 of Cline R. junction. Section equates
with MO-42Z on G5C map 13B9A. Beads dipoing 42-S7 gegrees SW.
DEPTH  LITHELOSY
I | TONE: sed.gm., ned/c.3. bmng.. gnnrly exposed.
-+ HIS qr/li. cra., wthd.surt, 1%, den. gr.,
<+ dac, rudbly.
T e DM sedo ok, grey, wthd. suré. sed. qrey as below
:'_-5 NEStdNe: JJdk, ) . . . .
I tovered 1nterval,
C J LI L 11
- IITTTI
0 = 0 TOTTDOD] (512,50 LINESTONE: as belor.
- } D DU A0 SR B
:L!S 11LrlT! lIl'[l
4 asaane
T Jdepioplop ol ll (12,5-25,5) LIMESTONE: as below, but slightly recessive, sed./c.
WHB8-4-17 T AT T §. bi0frag., aed. boc. ! !
m -2 1‘1‘ II[JILL
I ) O
T T ITTT
- D | !‘IIIITI]
:-—z - YII{III
T IR (25.5-29.5) LIESTONE: wed. /dk. grey, wthd. surf. sed. /o, grey,
-~ ¢.§. biofrag., thx.zcc., resistant,
T
T (29.5-45.5) Covered :nterval,
3
9 +4
& .
LLLLLLL (45,5-48.5) LINESTONE: <t grey, wthd. surf. dk. grey, aed. g.
I - | biofrag., becoming f./mec. §. near top.
2 148,5-53.5) Covered interval.
WH88-4-16 I
- )65 U 55 U O A 1
:’_"5 e (53.5-59.5) LIMESTONE: as below, but ¢./sed. g., ny have arg.
I oo unit at base isharpiy recessive ¢rom underlying dedl; umit thk.
T TTTITIT bdd., decomes aec./c. . in upper part,
TS T
T CTTOTTT] (59.5-71.5) LIKESTONE: ¢k, TeY; the. suré. sed./dk, grey,
I & PTTTTTY] e/ 9. biofrag., thi. bdd./sassive, resistant,
WHBB-4-15 I LTITTrT
- 11 11111x111 1
T ) D
m - m Lok ITXYI i1
-
I (71.5-74.5) Covered 1nterval.
+ % I -
< T LLLLIT (74,5-77.5) LINESTONE: sed. grey, wthd. surf. dk. grey, €.g.
- biofrag., sassive bdd., resistant.
0 Tw Tt (775-82.5) DOLONITE: It grev/It. brom, wthd, surd, It. bromn,
T i t,xin. ﬂ"““!; 1nteroedd.  dol., med./dk, qnl calc,, sed.
I rerer—r~ xin, w relics ot bioclastics; ses. hd., unit par ly tovered.
I (82.5-84.5) Covered interval,
+ 8 | (84.5~85.5) DOLOMITE: it, ben, grey, wthd, suré. aed./dk. brn.
+ ?r!y {.x1n,, scattered fossil trags. dolositized, eed. bdd.
T ] 185.4-87.5) "Lovered 1aterval.
I y e sy o 4
P I EEEEEN
WHB8-4-14 N T [TTTTTTTY (g7,5-95,5) LINESTONE AND DOLONITE INTERBEDS, as below. Some of
< Z—Z—Z—Z1t.g. biotrag, Ist. are partly dolositized; eed. bdd., unit partly
I TTIIILY covered.
Tz
T 741 (96.5-102.5) LINESTONE AND DOLOMITE INTERBEDS, sed. bluish ey,
4 LILILLLLU uthd, surf, 1t. ben./It. qrel, f.aln., eed. bdd., 1n beds 0,4-006
100 == 400 7710 thick; alt. w lst., sed./dk. grey, sed./c. §. Exnfuq.. ned,
+ 222 bdd. s unit semy recessive, partly coversd.
+15 %




Section WE-88-4,

9-7

Continued

T 198.5-162.5:

aten

0w =i |
—_— -
im rllv'JJ'Tx T
- Lo
WHB8-4-13 i' ST
un .{ m IITIIJALTJAI‘,I
e yau
) DS XJI 'J' III
T 15 PSoTT
m -%-m III ',:illl
) D
WHB8-4-12 I
T
15
W FRE
WHB8-4-11 15
0T
16
1 + 8
i 1 "TJI 1 1
S e
WH8B-4-10 g =
m _._m xLI 1171T
o Jl‘lrl 1
§ - i D S5 D an 5
1& 1 1 1 YY'TT
4 g
1m_-}':-m =
1w

|

s
-
B 1
-
-+
-
-
WHB8-4-9 T 15
-
+
+
ST
—~
<4
<+
i
-
4
1
- > l* TIv
an I 800 T
‘T v _Jv l]v
T L 1T
<4 A
- %5 B I ¢
Y v v v
-+
¥H88-4-8 I mrroT
v
T W1 T
T y_Tv v
-+ ™7
<+ £ S~ -~
<+ 11
- 2 2
T -
vl el
T T XT
- v K2 I1e
—-— LI
T AT
-+
WHB8-4-7 1 ——
- )N D
2 285 e g
L L
- \ A 2 4
T v

TII (116,5-128.5) LI®ESTONE: eeg./ck. grey, wthd. surd, sec. gre

CIMESTONE aND ID.0MITE INTERBIDS, se. aluisa grey,
suré, *huilt. gy, o sec. e, 12 ooecs 00408
ck; ait, o ISt #RC./0k. j*ey, BeC.;I. G. J10%rag., eeC,
9CC., Jait semy recessive, part.y cOoverec.

(102,5-114,5) LIESTONE AND DOLCMITE INTERSEDS: LST. seo./dk.
gry wthd, suré, it./aec.k ck. gr, si. sity, s/se0.g.,» 1nternpos
of D0.., med. gr, micro-<.xln., sec. bAc., unit ses1 resistant;
scat. interpeos of dik. grey snaiy .st.

Y
sBife, b, silty, sec./the.36Z,, up 0 ! 8: :nTerdeccec w sl
dk. grey, arg., th1n 30C., reje.arly intersanaec; unit seal

resistant,

(228,5-144,5! LIMESTINE: ARCILLACEQUS, ok. grey, wthd. sued,
lt.greyllt. sea, f./ eC.9. 210733, , ¥ 10terddc, shaiy Jst.
partings, recessive, gar..y ZOvesBC; sose teos seI. grey, sec./:.
9. biotrag., <0.3 » the.; unit ininseec. do0.

(144.5-170.5) LIMESTONS: sec./2k.3e., f./aed.5. biofrag.,
seo.bec., resist.; alt. w st fK.gn, %G, 7./»:.;.. r
inalt, umts C o8 tnx.; recess. urRits have partings up ¢
thi. of ox.gr/ble calc.shale

(170.5-178.%) Covered 1nzerval.

(176.5-184.5) LIMESTONE: ARGILLACEOUS, dk.grey £.9., tnin Bdg,,
¥ shaiy 20nes k partings; intesngc. w lst., lté.lux. grey, aec.
9. Mociastic; scatt. caert nol..es.

{1B4.5-187.5) LIMESTONS: gk, ey, aec. V-JW"“E-; thi,
bad. /mass., sea: resist.; lense o black chert nodules @ tep.

-1 VoL Cs L AP
[IS7. 54975, LIESTONE: MEILLACEOLS, cherty, db, qrey, etne
FUD3iy, seal recess., scatt. noouies blacx chert.

$E1T: SRR S ESTONE:  EMERTY, 8000400t e i Btar Va0t .o
biofrag, lst.,thin bdd. platy/rudbly,recess. Biotra .m{!rblls
Tte., aed. vdd. ~d 199,50 bang chert masses 0.2a thi,

(208.5-219,5) LIMESTONE: CHERTY, intbdd.; 1st, c.g.biofrag.,
sed. gr., in thk, bdd.; chert in zones 0.58 thk, 1freq. nods.,
patches, lasinae, 1apedded 1n t.9.d0l,1st., but also in some
sed.g.biofrag, lst. Cherty dands gen. dk. gr. Unit semi res.

(219.5-224.5) LINESTONE: aed. qnz wthd, suré. 1t./eed.grey,
Co§s biofrag. in places v.c.g., t £ bdd., sea: resist.

(224,5-229.5) DOLOMITE: CMERTY, s/dk gr, uthd, surd, dk.gr w
abnt.nods, laen.k 1rreq.eass, wh.cherts resist., a/dk. bdd,,soms
blk. cht.nods. At base umit, 0.3a bed od Dal, silic., sed.bluish
gry rudbly, in recess. 0.3a'bed, wthd.surf, 1%. brn.

- E S
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WHB8-4-4

B & 8 B H H

8

B H

T 1229.5-239.5) LIE

1 1
Ll L Ll
ey

)0 BB

WH88-4-3

g b e

.J.l

WHB8-4.-2

3

S

8

gyl
T

s
B B

L

WH88-4-1

8
}H44fFJFH4+4+fFH
g 8

g

B’

8

‘anmzmuuHmnm.-u

} xofuq i
T (293.5°294.0) LINESTONE: aa?lmcinus. ok qny. u shaly partings.

= 1224,5-229,5) JOLOMITE: CHMERTY, a/dk gr, wtho.surf.ckogr w

>

a0nt.hoOS. 4 dmin, [ re5. 8485, un.n!rt ~esist., M/0x. 3I3.,s08e
Sk, £ht,ao0s. R case =ity 0.30 bec of B i sliic,, sec.diuis®
¢ry rudbly, :n recess. O.32a ded, wthg.suré. 1&, arn.

TONE: as beiow, but thin ped., recess. _st.:s .
a0, §. 210rag., Si. arg. in part, C.5. an part.

{239.5-250.5) LIRESTONE: 1t. gre 1 uthd. suré. sed. grey, C.¢.
biotrag., 10 Darts v.I.5. & friadle, abnt, erinoc & snel!
frags., sed. 3dd., sea: resist.(lop "ot Perisko?),

(250.5-258,5) LIMESTING

1. ghey, wthd. surd, 1t. grey, c.g.
biofrag., the, hes./eas fus) arey e
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Section WHBB-5 W.H. Hamilton

B. Fildes

29 Aug. 1988.
Section of upger Falliser Formation :n ranging wall of thrustec
Falliser outcrop pand, west side of fault from wHBB-Z, 2.8 rm
west of Winoy Foint on David Thompson Highway. Section 15 or west
limb of anticl:nal fold (not mappeoc on GSC Map 1389A), beds dipping
47 degrees SW. Uppermost beds of Falliser Fm. drop off 1nto recess:ive
unit down dip slope. Banff Fm. exposed on opposite side of creex

to west.
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10. APPENDIX C

Chemical Analyses of Devonian and Mississippian
Limestones, David Thompson Corridor



APPENDIX C. Chemical Analyses of Devonian and Mississippian Limestones, David Thompson Corridor

Sample

Number Ca0 Mg0 Si0, A1,0, Fe,0, Na,0 K,0 P,0, S LOI Total CaCo, MgCo
WH88-1-5 50.97 3.27 1.11 0.60 0.16 0.04 0.25 <0.01 0.42 43.57 100.39 90.97 6.84
WH88-1-4 51.79 2.70 1.07 0.62 0.16 0.05 0.27 <0.01 0.39 43.59 100.73 92.43 5.65
WH88-1-3 51.21 2.70 1.13 0.61 0.16 0.04 0.27 <0.01 0.40 43.51 100.03 91.39 5.65
WH88-1-2 50.47 2.87 1.40 0.75 0.21 0.05 0.30 <0.01 0.42 43.13 99.60 90.07 6.00
WH88-1-1 49.72 3.09 2.09 0.86 0.21 0.07 0.25 <0.01 0.39 42.96 99.64 88.74 6.46
WH88-2-5 51.99 2.32 0.79 0.50 0.11 0.05 0.21 <0.01 0.40 43.43 99.80 92.79 4.85 .
WH88-2-4 51.01 3.18 1.14 0.62 0.15 0.06 0.24 <0.01 0.43 43.50 100.33 91.04 6.65 E
WH88-2-3 51.88 2.63 1.07 0.56 0.14 0.04 0.21 <0.01 0.40 43.58 100.51 92.59 5.50
WH88-2-2 51.45 2.90 1.07 0.57 0.13 0.04 0.25 <0.01 0.39 43.54 100.34 91.82 6.07
WH88-2-1 54.63 0.84' 0.33 0.39 0.06 0.04 0.17 <0.01 0.45 43.63 100.54 97.50 1.76
WH88-3-13 51.51 3.23 0.84 0.48 0.08 0.03 0.13 <0.01 0.41 43.95 100.66 91.93 6.76
WH88-3-12 49.45 3.91 1.06 0.49 0.10 0.04 0.14 <0.01 0.43 44.00 100.12 89.15 8.18
WH88-3-11 51.29 3.17 1.29 0.58 0.12 0.03 0.15 <0.01 0.43 43.71 100.77 91.54 6.63
WH88-3-10 51.18 3.12 1.52 0.64 0.14 0.04 0.21 <0.01 0.42 43.57 100.84 91.34 6.53
WH88-3-9 52.39 1.23 1.04 0.53 0.10 0.04 0.17 <0.01 0.44 43.59 99.53 93.50 2.57
WH88-3-8 53.77 1.24 1.05 0.57 0.13 0.05 0.17 <0.01 0.45 43.52 100.95 95.96 2.59



APPENDIX C (continued).

Chemical Analyses of Devonian and Mississippian Limestones, David Thompson Corridor

:::g;? Ca0 Mg0 Si0, Al,0, Fe, 0, Na,0 K,0 P,0, S LOI Total CaCo, MgCo
WH88-3-7 51.39 3.39 0.79 0.49 0.10 0.04 0.16 <0.01 0.40 44.03 100.79 91.72 7.09
WH88-3-6 49.95 4.31 0.65 0.44 0.07 0.04 0.16 <0.01 0.40 44.02 100.04 89.15 9.02
WH88-3-5 51.54 2.92 0.65 0.45 0.08 0.04 0.15 <0.01 0.42 43.86 100.11 91.98 6.11
WH88-3-4 51.42 3.39 0.74 0.48 0.11 0.04 0.17 <0.01 0.41 44.05 100.81 91.77 7.09
WH88-3-3 51.88 2.21 0.88 0.55 0.14 0.05 0.20 <0.01 0.41 43.66 99.98 92.59 4.43
WH88-3-2 51.37 2.60 1.01 0.56 0.13 . 0.0% 0.18 <0.01 0.43 43.60 99.93 91.68 5.44
WH88-3-1 52.48 2.24 1.02 0.59 0.15 0.05 0.22 <0.01 0.42 43.51 100.68 93.66 4.69
WH88-4-17 50.53 4.18 0.75 0.40 0.08 0.02 0.06 <0.01 0.41 44.21 100.64 90.18 8.74
WHB88-4-16 49.88 5.568 0.34 0.30 0.06 0.02 0.01 <0.01 0.40 45.23 101.82 89.02 11.67
WH88-4-15 50.97 4.06 0.18 0.30 0.05 0.03 0.01 <0.01 0.43 44.61 100.64 90.97 8.49
WH88-4-14 39.63 12.40 1.20 0.47 0.13 0.04 0.01 <0.01 0.34 45.27 99.49 70.73 25.94
WH88-4-13 46.78 7.ZJ 0.92 0.32 0.11 0.04 0.15 <0.01 0.37 44.61 100.54 83.49 15.14
WH88-4-12 43.38 8.09 4.04 1.08 0.30 0.05 0.41 <0.01 0.37 42.86 100.58 77.42 16.92
WHB8-4-11 50.41 2.85 2.717 0.82 0.49 0.04 0.32 <0.01 0.43 42.67 100.80 89.97 5.96
WH88-4-10 52.22 0.95 2.08 0.68 0.21 0.04 0.23 <0.01 0.43 42.91 99.75 93.20 1.99 -
WH88-4-9 50.40 1.21 6.13 0.73 0.30 0.04 0.26 <0.01 0.44 40.87 100.38 89.95 2.53
WHRR_K_13 49 Kh 3.30 | .44 u.n/ u.uy u.ui v e s -

=0T



APPENDIX C (continued). Chemical Analyses of Devonian and Mississippian Limestones, David Thompson Corridor

Namber Ca0 Mg0  Si0,  AI0, Fe0, Na,0 K,0 PO, S LoT Total  CaCO,  MgCO,
WH88-4-8  49.66  2.81 4.30 0.66 0.18 0.03 0.19  0.03 0.42 42.04 100.26  88.63  5.88
WHE8-4-7  53.97 1.3  0.36 0.34 0.06 0.03 0.03 <0.01 0.44 43.80 100.36  96.32  2.78
WH88-4-6  47.38  6.32 1.86 0.34 0.08  0.03 0.06 <0.01 0.39 43.99 100.45  84.56  13.22
WH88-4-5  42.28 10.61  0.34 0.31 0.09 0.04 0.05 <0.01 0.36 45.45 99.63  75.46  22.19
WH88-4-4  50.32 4.27 0.68 0.40 0.20 0.04 0.09 <0.01 0.41 44.15 100.56  89.81  8.93
WHB8-4-3  45.75  5.12 4.11  0.40 0.43 0.05 0.43  <0.01 0.40 42.25 98.94  81.65  10.71
WH88-4-2  50.48  2.92 2.87 0.63  0.27 0.056 0.24  <0.01  0.44 42.80 100.70  90.09 6.1l Ef
WH88-4-1 ~ 49.79  2.47 4.12 1.01 0.41  0.05 0.44  <0.01  0.43 41.77 100.49  88.86  5.17
WH88-5-1 ~ 53.00 1.16 0.73  0.49 0.10 0.01 0.06 <0.01 0.46 43.73 99.74  94.59  2.43
WHB8-5-2  49.11  4.47  1.37 0.58 0.13 0.0l 0.12 <0.01 0.42 43.92 100.13  87.65  9.35
WHB8-5-3  49.55  3.30 1.3  0.52 0.09 0.0l 0.11  <0.01 0.40 43.85 99.17  88.43  6.90
WHB8-5-4  54.18 . 0.78 1.30 0.56 0.08 0.01 0.09  <0.01  0.44 43.37 100.81  96.70  1.63
WHB8-5-5  51.16  3.19  1.45 0.50 0.09  0.03 0.10  <0.01  0.43 43.63 100.49  91.31  6.67
WHB8-5-6  47.42 6.19 1.16  0.41 0.07 0.01 0.07 <0.01 0.38 44.35 100.06  84.63  12.95

WH88-5-7 44 .58 8.46 1.37 0.45 0.03  0.02 0.12 <0.01 0.37 44.61 100.07 79.56 17.70
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