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2.

SUMMARY

The primary objectives of this study were to identify favourable geological anomalies and
target areas for diamond exploration that would act to encourage industry to expiore in
Alberta, and to provide selected geological, geophysical and geochemical data that would
assist industry in their exploration for diamonds in Alberta. We believe the following text,
figures, tables and appendices provide much information and data that will be useful to
industry in their exploration of Alberta for diamondiferous deposits.

Alberta is favourable for diamondiferous deposits because:

(a)

(b)

(©

(d)

Alberta is underain by large areas of Precambtian crust that acted as "cool roots’,
hence there is a good possibility that diamond-bearing source rocks exist at least
locally in the mantle beneath Alberta.

Alberta contains major faults and other tectonic features that may have acted as
near surface conduits for the intrusion of diamond-beating kimbetrlitic or lamproitic
diatremes.

Kimberlite and lamproite intrusions, several of which are diamondiferous, exist in
several provinces, territories and states adjacent to or near Alberta. Although at
present no definite kimberlite or lamproite intrusions have been definitely reported
in Alberta, with the exception of the Mark 1 diatreme cluster which straddles the
Alberta - British Columbia border north of Golden, B.C., there are indications, or
at least rumours, that such diatremes have been found in outcrop or intersected
by drilling west of Hinton and near Peace River Alberta. In southern Alberta,
although it has been suggested the region of the Sweetgrass Intrusions has low
diamond potential because the intrusions which crop out in Canada are
predominantly or entirely minettes, there may still be potential for diamondiferous
deposits in this area because of the interpreted extensive dyke swarm that has
been identified from recently published aeromagnetic data. As well, two diamonds
were reported to have been discovered at Etzikom Coulee near Legend in
southern Alberta not far north of where the Sweetgrass Intrusions crop out.
Furthermore, in the Missouri Breaks and Smoky Butte region of central Montana,
age equivalents to the Sweetgrass Intrusions locally include kimbetlitic and
famproitic diatremes.

There is evidence of at least four, and possibly five, ages of volcanic activity in
Alberta. Diamondiferous diatremes of equivalent ages exist elsewhere in North
America or the world. It is possible that the most important of the igneous events
in Alberta occurred during the early Late Cretaceous, that is during deposition of
the Shaftesbury Formation and the enclosed Fish Scales Horizon, because
diamondiferous diatremes, vent facies and volcaniclastics have been found in
stratigraphically equivalent successions in Saskatchewan. In addition, early
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Tertiary strata (Paleocene, Eocene) in Alberta should also not be ignored because
the reported ages for the potentially economic diatremes that have been
discovered in the Lac de Gras region of the N.W.T. are about 52 Ma.

(e)  Numerous bentonites and tuffs exist in the Phanerozoic succession in Alberta, and
in several places there are anomalously thick bentonitic horizons (e.g., Drumheller,
Duagh and Irvine-Bullshead bentonites), some of which are localized and have a
trend that crosses the major sedimentary depositional strike. This may indicate
local voicanic venting as opposed to the bentonites being wind-blown debris
derived entirely from outside Alberta. Interestingly, all of the above thick
bentonites are of late Late Cretaceous age, which is perhaps the most extensive
and voluminous period of diamondiferous magmatism in the world.

)] There are numerous diamond indicator mineral anomalies at several places within
Alberta, with some indicator grains having excellent chemistry which indicates they
may have been derived from local kimberlitic or lamproitic diatremes. As well,
diamonds have been found in drift and fluvial sediments in at least three publicized
locales in southemn and central Alberta.

(@)  There are a large number of geological, geophysical or geochemical anomalies in
Albenrta, at least some of which may have been or are related to emplacement of
potentially diamondiferous kimberlitic or lamproitic diatremes, or reflect erosional
secondary deposits derived from such primary diamondiferous source rocks.

(h)  Lastly, although much remains to be known about the bedrock and surficial
geology of Alberta, particularly in the northemn half of the province, there exists an
extensive geological and geophysical database of information that is available from
various government agencies or from brokers of industry-generated data.

In conclusion, the above indicates that Alberta has at least moderate to, possibly, high
potential to contain diamondiferous diatremes and vent-related deposits, yet at present
the province has been barely explored for such deposits, even though extensive staking
has occurred. As well, if primary diamondiferous deposits are found in Alberta, then
exploration should also be directed towards the discovery of secondary diamondiferous
deposits in selected sedimentary strata which are geologically analogous to the setting
found to contain such economically important secondary deposits in southern and westemn
Africa, and in Russia.



4.
1. INTRODUCTION

The existence of diamondiferous kimberlitic diatremes in the Lac des Gras area,
Northwest Territories, and the Fort a la Corne area, Saskatchewan indicates that there
is potential for the discovery of diamonds in other areas of Canada that are underlain by
thick Precambrian basement rocks, such as the majority of Alberta. Further, the
emplacement of diamondiferous diatremes are controlled, in part at least, by extensional
faults or fracture zones associated with regional fault systems, arches and other structural
zones that transect either the Precambrian basement or overlying Phanerozoic rocks, or
both. In several parts of Alberta these types of structural zones transect Phanerozoic
cover rocks that are underlain by thick Precambrian basement with no or little extensive
reworking, hence the potential may be high for the discovery of kimberlite or lamproite
hosted diamond deposits. In addition, if such diamondiferous diatremes exist in bedrock,
then potential also exists for economic concentrations of paleoplacer or placer diamonds
in Alberta.

Diamonds are reported to have been discovered in surficial sediments west of Edmonton
near Evansberg, and in southeast Alberta near the Sweetgrass Hills. As well, diamond
indicator minerals have been reported in several places in Alberta. These preliminary
data, plus the fact that about 200 companies and individuals have acquired exploration
mineral permits which encompass about 36.5 million hectares of Alberta, indicate that
industry believes Alberta has a high potential for the discovery of important diamond
deposits.

in Alberta, a vast literature database exists on geological features that may be important
in the search for diamondifercus kimberlite or lamproite diatremes. This database
includes information about Precambrian basement crustal composition and thickness, sub-
Phanerozoic basement structures, regional Phanerozoic structures, alkaline volcanism,
volcanic bentonite layers, surficial geology and other geological anomalies. Therefore,
these data from govemment sources, universities and private industry provide an
extensive database from which structural, stratigraphic and geophysical information can
be used to delineate regional tectonic and other features that may be imporant to
industry in the exploration for diamondiferous deposits within Alberta. This study was
undertaken on behalf of the Canada-Alberta Partnership on Minerals Agreement (MDA
project M93-04-037) by scientists of the Alberta Geological Survey, in conjunction with
the principals of APEX Geoscience Ltd., Mr. McKinstry of Elad Enterprises Ltd. and Dr.
D.R. Schmitt, an Assistant Professor in the Departiment of Geophysics at the University
of Alberta, in order to summarize and synthesize some of the key existing data that
pertain to the potential of Alberta to contain important diamond deposits.

The objectives of preparing a regional synthesis of structural, stratigraphic, geophysical,
geochemical and diamond mineral indicator information and data for Alberta, were several
fold:

1. The primary objective is to identify favourable geological anomalies and target



5.

areas for diamond exploration that would act to encourage and assist exploration
by industry.

2. The second objective is to provide information about certain geologic and
geographic domains in Alberta based upon selected criteria, such as: (a) the
potential for kimberlite versus lamproite diatremes based on the underlying
Precambrian basement rocks, (b) the possible timing of kimberlite of lamproite
magmatism, (c) the regional structures along which kimberlites or lamproites may
have been intruded, (d) the stratigraphic data that may be indicative of local
diatreme extrusion, and (e) to what extent such diatremes may been preserved or
eroded under the conditions that then existed in Alberta.

3. The third objective is to identify what exploration methods have been used
worldwide for diamond exploration, and which of these methods have been or may
be useful for diamond exploration in Alberta. Such information is important to
diamond exploration in the context of the Alberta situation because: (a) any
Phanerozoic kimberlite or lamproite diatreme activity in Alberta would probably
have occurred under marine conditions, hence the results of any such activity will
be associated with extensive Phanerozoic deposits, and (b) the glacial history of
Alberta, particularly in the west, is complex due to the interference effects created
by the interaction of Rocky Mountain and Cordilleran glaciation with Continental
glaciation. Thus, exploration for diamondiferous deposits in Alberta may present
a more difficult exploration problem in comparison to the exposed Precambrian
Shield in the Lac de Gras region of the N.W.T.

1.1 Kimberlites and Lamproites, and Models For Emplacement

Kimberlites and lamproites are the only two known economic primary sources of
diamonds worldwide. Primary diamonds or graphite pseudomorphs after diamonds are
also known to occur in some lamprophyres, alkali basalts and alpine type peridotites, but
significant quantities of diamonds have not yet been found in these rocks (Mitchell 1991,
Helmstaedt 1992, 1993). Although they are small in total combined volume relative to all
known igneous rocks worldwide, much more is known about kimberlites and lamproites
than other ultramafic igneous rock types because of their economic significance. Both
kimberlites and lamproites are products of deep-seated continental intraplate alkaline
volcanism, hence they are geologically similar in many respects. There are, however, a
number of significant differences between these two classes of rocks, as summarized
‘below.

Two types of kimberlites are recognized worldwide, and these are commonly referred to
as Group | and Group Il kimberlites. These two groups correspond to the original
classification by Wagner (1914) of olivine kimberlites and micaceous kimberlites.
According to Mitchell (1989, 1991) and Skinner (1989), Group i kimberlites are
petrographically complex rocks, and may contain crystals derived from three different
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sources: (1) the fragmentation of upper mantle xenoliths (xenoliths are wall rock
fragments that fall into the magma as it rises to the surface), (2) the primary phenocryst
and groundmass minerals, which crystallize directly from the kimberlite magma (these
primary minerals include olivine, phlogopite, perovskite, spinel, monticellite, apatite, calcite
and primary serpentine), and (3) the megacryst/macrocryst or discrete nodule suite.
Xenolithic minerals in Group | kimberlites include Cr-rich subcalcic pyrope (G9 and G10
gamets), olivine, Cr-diopside, high-Cr chromites and diamond (Mitchell 1989, 1991;
Skinner 1989; Gumey and Moore 1993). Megacrysts are large (1 to 20 cm) single
crystals of low-chrome titanian pyrope (G1 or G2 gamets), magnesian (picro) ilmenite,
subcalcic to calcic diopside, olivine, Ti-poor chromite, enstatite, phlogopite and zircon.
Lamellar intergrowths between pyroxenes and magnesian ilmenites are common.
Macrocrysts are somewhat smaller crystals, but tend to be rounded to subrounded and
are compositionally similar to the megacryst suite of minerals with the exception that
macrocrysts include abundant olivine. It is not clear whether the megacryst/macrocryst
suite of minerals are xenocrysts or cognate phenocrysts, or a combination of the two.
The megactysts are believed to have formed in the upper mantle, and the existence of
such megacryst minerals is generally believed to be an indicator of kimberlite magmatism.
The overall mineralogy of Group | kimberlites varies widely, and depends on the relative
contribution of each of the three contributing sources. In general, Group | kimberlites are
characterized by the presence of abundant olivine, the characteristic
megacryst/macrocryst suite and by only minor amounts of phlogopite.

Group Il kimberlites comprise principally rounded olivine macrocrysts in a matrix of
abundant phiogopite and diopside, with spinel, perovskite and calcite (Mitchell 1989,
1991, Skinner 1989). In contrast to Group | kimberlites, Group Il kimberlites lack the
megacryst suite and minerals such as monticellite and ulvéspinel. In addition, spinels and
perovskite are relatively rare. While Group | kimberlites are found worldwide, Group |l
kimberlites are only known from southemn Africa.

There are three textural-genetic groups of kimberlites recognized worldwide: (1) crater
facies, (2) diatreme facies and (3) hypabyssal facies (Mitchell, 1986, 1989, 1991) (Figure
1.1). The crater facies of kimberlites includes epiclastic deposits and rocks which may
represent tuffs. Kimberlite lavas have not yet been recognized. The crater facies
typically forms a ring around the perimeter of the kimberlite. Diatremes are vertical or
steeply inclined cone-shaped bodies that consist primarily of tuffisitic kimberlite breccia
or volcaniclastic kimbetlite breccia (Mitchell 1991). The steep sides (75°to 85° dip) and
downward tapering margins of the diatreme result in the cross-sectional area decreasing
regularly with depth, and lead to the characteristic 'carrot-shape’ description of their
shape. Approximately subcircular or elliptical outcrop plans of the diatreme facies are

also characteristic, and the axial lengths of the diatremes range from about 300 m to
2,000 m. Kimberlite diatremes grade downward into irregularly-shaped root zones that
are the hypabyssal facies of the intrusive. Kimberlite crater facies rocks can be significant
sources of diamonds, as is the case at the Orapa and Jwaneng pipes in Botswana and
the Mwadui pipe in Tanzania (Helmstaedt 1992, 1993). Both the diatreme and root zones
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Figure 1.1: Model of an idealized kimberite magmatic system (not to scale) illustrating the
relationships between crater, diatreme and hypabyssal facies rocks. The diatreme root
zone is composed primarily of hypabyssal rocks (Mitchell 1986).
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within a kimberlite can also be diamondiferous, but diamond grades can be highly
variable, even in separate zones within individual pipes.

Like kimberlites, lamproites are petrographically complex, hybrid rocks consisting of
complex mixtures of magmatic phenocrysts with upper mantle xenoliths and xenocrysts
(Helmstaedt 1993). Lamproites are commoniy referred to as ultrapotassic, peralkaline
mafic to ultramafic rocks that exhibit a characteristic exotic mineralogy and distinctive
geochemical signature (Bergman 1987; Mitchell 1989, 19891; Scoft Smith 1992).
Lamproites are typically ultrapotassic (K,O/Na,0>3), containing 6% to 8% K,O as
compared to 2% or less in Group | kimbetlites, peralkaline (K,0+Na,O/Al,O,>1), and they
are more enriched in the incompatible elements Zr, Nb, Sr, Ba , La and F, and the
compatible elements Co, Ni, Cr and Sc than are kimberlites. Lamproites display a wide
range of modal mineralogies making classification based on mineralogy difficult at best.
Lamproites have a number of major (olivine, diopside, phlogopite) and minor (apatite,
perovskite, ilmenite, spinel) mineral phases in common with kimberlites, but they also
have a number of additional minerals that serve to distinguish them from kimbetrlites.
These minerals include leucite, amphibole {(K-Ti richterite), sanidine, priderite, wadeite,
armalcolite and jeppeite (Bergman 1987; Mitchell 1989, 1991; Scott Smith, 1992).
Lamproites also differ from kimberlites in having matrix glass and a relatively low calcite
content. Mantle derived xenocrysts including olivine, chromite and pyropegarnet may also
be present. Minerals which are characteristically absent from lamproites include
nepheline, sodalite, kalsilite, melilite, plagioclase, alkali feldspar, monticellite and melanite.
The absence of these minerals serves to distinguish lamproites from other (non-
kimberlitic) potassic and undersaturated alkalic rocks (Mitchell 1991).

Lamproites occur principally as extrusive, subvolcanic and hypabyssal rocks (Mitchell
1991). They do not form carrot-shaped diatremes and root zones analogous to those of
kimberlites, but instead their vents are shallow and wide, and commonly are compared
to the shape of a champagne glass. Composite crates with associated bedded
volcaniclastic deposits and volcanic debris are common where the craters are preserved.
Lamproite diatremes also tend to be smaller than kimberlites and do not extend to great
depths (Figure 1.2). An atypical style of lamproite emplacement is that noted by Kent et
al. {(1992), who described the presence of Cretaceous (Aptian) horizontal, tubular to
cylindrical shaped titanium and phosphorus-rich olivine lamproite intrusions within the
Permian Jharia coalfield of India. There are estimated to be between 3,000 to 4,000 such
intrusions within the coalfield, with the 1 m to 3 m wide tubes interconnected to produce
wormburrow-like patterns.

The crater facies of a lamproite is commonly intruded by magmatic lamproite. Diamonds
occur mainly in the pyrociastic rocks of the crater facies, with the magmatic lamproite
phases generally being diamond-poor. As a result, the diamondiferous tonnage potential
of lamproites tends to be restricted to the volume of pyroclastics preserved in the vent

(Helmstaedt 1992, 1993).



Phlogopite -
olivine lamproite

Olivine lamproite

Autobrecciated
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Figure 1.2: Plan and cross-sections of the Ellendale 4 lamproite vent. Note the distinctly different
morphology as compared with kimberlite diatremes (Figure 1.1) and the presence of
hypabyssal magmatic rocks within the crater facies pyrociastic rocks.
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Both kimberlites and lamproites are not truly primary diamond deposits in the sense that
all or at least most of the diamonds did not originate within the source magma. Instead,
the macrodiamonds in these igneous host rocks are actually derived from the
disaggregation of sometimes highly diamondiferous source rocks that exist in places in
the lithospheric upper mantle (Kirkley et al. 1991, 1992; Gumey and Moore 1993).
Therefore, the kimberlite and lamproite magmas simply provided the transport medium
to move diamonds formed in the upper mantle source rock to the surface. Studies of
mineral inclusions in diamonds and diamond-bearing xenoliths indicate that the diamond-
bearing mantle sources worldwide are predominantly associated with two rock types: (1)
garnet peridotites in which gamet and/or chromite harzburgites predominate over gamet
lherzolites, and (2) eclogites. Minerals which are associated with diamonds within these
xenoliths have distinctive compositions, and the presence of these minerals as detrital
grains on the Earth’s surface can indicate the presence of a diamondiferous kimberlite
or lamproite source nearby (Gumey and Moore 1993). In general, diamonds with
peridotitic inclusions (P-type diamonds) predominate over diamonds with eclogitic
inclusions (E-type diamonds). P-type diamonds from South Africa and Russia have been
dated at approximately 3,300 million years of age (Ma). E-type diamonds, on the other
hand, have yielded younger ages, from 2,700 Ma to as young as 990 Ma. Based on the
inclusions found in diamonds and diamond bearing xenoliths, both P-type and E-type
diamonds occur in every known diamond deposit worldwide (Kirkiey et al. 1991, 1992;
Guiney and Moore, 1993; Helmstaedt 1993). Although the relative proportions of P-type
to E-type diamonds can vary widely from deposit to deposit, P-type diamonds appear to
be much more abundant on the South Africa (Kalahari) Craton (Gurney and Moore 1993).
At present, it is hotly debated whether single or multiple events or processes are required
to form P-type and E-type diamonds.

It has been estimated that most diamonds worldwide were formed at pressures
corresponding to depths of 150 km to 300 km below the Earth’s surface, and at
temperatures generally not exceeding 1,200 °C. These conditions occur within relatively
cool lithospheric roots (mantle roots), in which the downward deflection of isotherms
causes a corresponding upward expansion of the diamond stability field. As Figure 1.3a
shows, kimberlites or lamproites which originate from within or below the diamond source
rocks have the potential to transport diamonds to the Earth’s surface. This is in contrast
to kimberlites or lamproites that originate at the craton margins because they do not
sample the diamondiferous source rocks and hence cannot transport diamonds to the
surface. There are four requirements for a large primary diamond deposit to occur at the
Earth’s surface: (1) the kimberlite or lamproite host rock must originate in or below a
diamond-rich source region of the upper mantle where diamonds have remained stable
since the time of their formation; (2) the kimberlite or lamproite intrusion must sample the
diamond-bearing source region(s); (3) the kimberlite or lamproite magma must ascend
fast enough and provide a suitable reducing chemical environment for diamonds to
survive the transport to the Earth’s surface; and (4) the host magma must encounter
emplacement sites where conditions are conducive to the formation of sufficiently large
pipes (Helmstaedt 1993).
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Kimberlites and lamproites are not just confined to the Archean pans of cratons. They
also can occur within mobile belts, either during periods of normal faulting prior to the
orogenic movements or subsequent to deformation and cratonization of the mobite belt.
Nonetheless, 'Clifford’s Rule’ states that economically viable diamond deposits tend to be
confined to the Archean cratons (Janse 1991; Figure 1.3b). However, there is one very
important exception to Clifford’s Rule, the Argyle deposit in Australia. This deposit is
hosted in a lamproite that has intruded into a Proterozoic fold belt. As well, the majority
of the diamonds within the Argyle lamproite are E-type diamonds of Proterozoic age. The
Argyle example illustrates that it is possible for large accumulations of post-Archean,
eclogitic diamonds to occur outside of, but adjacent to, an Archean craton (Helmstaedt
1993).

1.2 History Of Diamond Exploration In Canada

1.2.1 Outside Alberta

- Diamond-bearing kimberlite and [amproite pipes occur in Archean cratons and Proterozoic
mobile belts worldwide; most notably in South Africa, Russia and Australia. Although
Canada contains abundant rocks of a similar geological setting and age, the existence
of an important diamond deposit being present in this country has only recently been
given credence.

Until 1991, diamond exploration in Canada had been limited to a very few companies,
and had largely been unsuccessful. Although several kimberlite pipes had been
discovered across the country, they were generally estimated to contain uneconomical
grades of diamond. In 1991, however, Dia Met Minerals Ltd. announced the discovery
of possible economic-grade diamond-bearing kimberlite in the Lac de Gras region of the
Northwest Territories, thereby sparking one of the largest staking rushes in worid history
(N.W.T. Govemment 1993). By the fall of 1993, more than 40 kimberlite pipes had been
discovered in the Lac de Gras region, many of which occur on land held by Dia Met
Minerals Ltd. and their partner, Broken Hill Proprietary of Australia, by Southemn Era
Resources Ltd. and Aber Resources L.td. and their partner, Kennecott Canada Inc., and
by numerous smaller companies (N.W.T. Government 1993). Presently, bulk sampling is
being conducted at many of the pipes, with the intent being to bring one or more of them
into production. In addition to the diamond discoveries in the Archean Slave Structural
Province at the Lac de Gras region, two separate diamond occurrences have been
reported in lamproites in the Keewatin region of the Northwest Territories, one near
Dubawnt Lake (George Cross Newsletter, 1993), and one near Baker Lake (Armitage et
al. 1994). The existence of these diamond occurrences indicates that potential exists for
diamondiferous diatremes in the Proterozoic Churchill Structural Province.

While Dia Met Minerals Ltd. was searching for kimberlite in the Northwest Territories,
diamond exploration was also being conducted in Saskatchewan, where, in 1988, a
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diamond-bearing kimberlite pipe was discovered by Uranerz Expioration and Mining Ltd.
near Prince Albert (Lehnert-Thiel ef al. 1992). Bulk sampling of pipes in the Fort a la
Come area has shown that diamond grades in these pipes range from less than 2
carats/100 tonnes (cts/100t) up to 10.5 cts/100t, with most of the diamonds being gem-
quality (Lehnert-Thiel et al. 1992). The kimberiites in the Fort 2 la Come area are of
Lower Colorado Group age (94 to 96 Ma), and form relatively flat, tabular to possibly
mushroom-shaped bodies of bedded volcaniclastics. Two kimberlite facies are
recognized at Fort & la Come: a volcaniclastic crater facies and a hypabyssal kimberlite
facies. To date, feeder diatremes have not been intersected in drilling at Fort & la Corne
(Lehnent-Thiel et al. 1992). Continued sedimentation in Late Cretaceous times buried the
Fort & la Corne kimberlites, but subsequent erosion has removed the Upper Cretaceous
formations to approximately the same level that existed at the time of intrusion.
Numerous targets in this region and in the nearby Sturgeon Lake area require further
testing.

Although diamond exploration in British Columbia has not been as extensive as
elsewhere in Canada, the discovery of diamondiferous lamproites near Golden, B.C. is
significant to Alberta exploration because many of these pipes, including the Jack and
Mark diatreme clusters straddle the B.C. - Alberta border (Northcote 1983a, b; Pell 1987a,
b; Fipke 1990).

1.2.2 Within Alberta

The occurrence of diamond-bearing kimberlites and lamproites in several regions
surrounding Alberta indicates that such diamond sources may occur in this province as
well. The history of diamond exploration in Alberta, although not lengthy, is most certainly
colourful. Primarily sparked by the recent discovery of diamond-bearing kimberlite pipes
in the Northwest Territories and Saskatchewan, and the realization that similar favourable
conditions exist for the preservation of such pipes in Alberta, diamond exploration in the
province has markedly escalated in the last three years. Although, to date, no diamond
source has been publicly identified in Alberta, the discovery of numerous diamond
indicator minerals, as well as several diamonds in overburden and Phanerozoic
sediments, has been extremely encouraging to major and junior diamond explorers alike.

Since 1988, Monopros Ltd., the Canadian subsidiary of DeBeers Consolidated Mines Ltd.,
has been exploring a large block of ground in the vicinity of the town of Peace River. As
yet they have not released any information on their work, However, an article in the
Peace River Gazette (1992) stated “they [Monopros] did quite a bit of drilling and we have
reason to believe that they did encounter a lamproite pipe while drilling for trace
minerals®.
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One of the most well known, as well as the most controversial, diamond discovery in
Alberta is the Opdahl diamond. This diamond, reportedly a perfect octahedron and
estimated at 1 carat in weight (Edmonton Joumal 1992a), was discovered by farm worker
Einar Opdahl in 1958 in the Evansburg area, although the exact whereabouts of the
discovery remain uncertain. Also referred to as the Pembina or Burwash diamond, the
stone was apparently sold to an Edmonton gem cutter who brought it to Dr. R. Burwash
at the geology department at the University of Alberta for positive identification. Its
present whereabouts are unknown, although no less than three junior exploration
companies have staked ground on what they all claim to be the original discovery site
(Edmonton Journal 1992a).

During 1992, the first documented diamond discovery was confirmed for Alberta. A
prospector, Tom Bryant, was reported to have found two diamonds, weighing 0.14 and
0.17 carats, in glacial till at Etzikom Coulee near Legend southem Alberta (Edmonton
Joumal 1992b; Morton et al. 1993; Takla Star Resources Ltd. 1993a, b). Although Bryant
discovered the diamonds during 1988, his prospecting activity was prompted, at least in
part, by the increased claim staking in the area and, four years later, he brought the two-
diamonds to the geology department at the University of Alberta for analysis and to record
their discovery (Edmonton Joumal 1992b). The samples were positively identified as
gem-quality diamonds.

Diamonds have also been discovered in gravels of the North Saskatchewan River and
associated tributary creeks east of Edmonton (T. Bryant pers comm. 1993; Morton et al.
1993), and in sedimentary bedrock at the Cretaceous-Tertiary boundary along the Red
Deer River in Central Alberta (Science City News 1992).

From 1992 until late 1993, claim staking, most of which has been for diamond exploration,
reached a frenzied pitch in Alberta, and as is often the case, claim maps which were valid
in the moming were obsolete by afternoon. During this time, Alberta became the playing
field for both major exploration companies and junior companies, with the former being
largely responsible for initiating the staking rush in the province, and significant land
holdings were acquired by several well known diamond exploration companies.

Dia Met Minerals Ltd., with partners Cameco Corp. and Uranerz Exploration and Mining
Ltd. of Saskatchewan, staked a 7,000 km® property just east of Jasper National Park
(Edmonton Journal 1992b, d). Chuck Fipke, the president of Dia Met Minerals Ltd. and
-the geologist responsible for his company’s success in diamond exploration in the
Northwest Territories, has apparently been searching for diamonds in the Jasper area
since 1981 and he has publicly stated he believes that there may be diamonds on their
Jasper area claims, and that Dia Met Minerals Ltd. hopes to outline a new field and
duplicate what they have already achieved in the Northwest Teritories (Northemn Miner
1992; Edmonton journal 1993).
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Following the acquisition of the land near Jasper by Dia Met Minerais Lid., the
surrounding land was staked by Monopros Ltd., who are the Canadian exploration arm
of De Beers Consolidated Mines Ltd. The presence of Monopros Ltd. had earlier added
legitimacy to the diamond rush in Alberta because in 1992 they had staked 6,000 km? of
land in the Peace River area, at a then cost to them of $6 million, which had to be posted
as a work deposit with the govemment of Alberta. This world-wide diamond producing
giant is thought to hold numerous additional parceis of land in Alberta, staked under the
name of individual Monopros employees {Edmonton Jourmnal 1992d). Several additional
large land holdings have been acquired since 1992, including: (a) 22,000 km? by Prime
Equities Intemational Corp. and its subsidiaries, (b) 7,000 km® west of Edmonton plus
additional land in southem Alberta by Takla Star Resources Ltd., and (c) over 16,000 km?
by Mark Weir of Calgary, possibly on behalf of Pure Gold Resources Inc. and their joint
venture partner, Ashton Mining of Australia (Edmonton Joumnal 1992e). In addition to
these, perhaps, more well recognized diamond exploration companies, numerous gold
exploration and junior companies have joined the Alberta diamond exploration rush, with
over 140 claim holders registered in the province to date.

Aithough no bedrock diamond sources are reported as yet, exploration in Alberta has
been successful in discovering numerous occurrences of diamond indicator minerals,
many of which may indicate a nearby diamond source, and in identifying abundant
geophysical anomalies which may represent kimberlite or lamproite pipes or dykes. A
complicating factor in Alberta is that the kimberlites or lamproites may have intruded into
subaqueous environments, as is the case with the Fort & la Corne kimberlites in
Saskatchewan (Lehnert-Thiel et al. 1992). Similar depositional conditions existed in
Alberta during the time that the Saskatchewan kimberlites were being intruded, and it is
likely that any kimberlites or lamproites discovered in Alberta would alsc have their crater
facies preserved.

According to Brian Hudson, Alberta Energy’s mineral agreements manager, to March 1,
1994, approximately 34 million hectares, or 60% to 75% of the total crown land in Alberta,
have been staked, and approximately 85% of this area will be the focus of diamond
exploration (Figure 1.4). Therefore, the 1992 to 1993 acquisition of mineral rights by
industry in Alberta represents one of the most extensive staking rushes in history. The
success in diamond exploration in the Northwest Territories and Saskatchewan, and the

2. REGIONAL GEOLOGY OF ALBERTA

2.1 Introduction

The geology of Alberta is both diverse and complex. Ages of stratigraphic units range
from Archean (>2.6 Ga) to Recent. A regional stratigraphic correlation chart for southern,
central and northern Alberta is given in Table 2.1.
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From northeast to southwest across the province, the geology can be divided into several
broad beits. [n the northeast, Precambrian Shield rocks are exposed (Figure 2.1). To
the southwest, the Precambrian Shield rocks are overlain by a homoclinal sequence of
westerly dipping Phanerozoic strata that comprise Devonian carbonate, evaporite and
clastic rocks which reach a total thickness of up to about 3,000 m or greater. Cambrian,
Ordovician and Silurian sedimentary rocks exist at depth beneath the Devonian strata in
southern and southeastern Alberta, but are not exposed at surface except in the Rocky
Mountains and Foothills. Cretaceous sedimentary rocks occur over an extensive area of
Alberta, stretching from the northeast, where they unconformably overlie the Devonian
rocks, to the Rocky Mountains in the west and southwest. In the southwest, the
Cretaceous rocks are up to 2,000 m in thickness. Lower Tertiary (Paleocene) rocks,
which locally reach a thickness of about 1,500 m, overlie Cretaceous strata in a belt along
the Foothills that stretches from southem Alberta, northwest to just south of Grand Prairie.
As well, Oligocene to Miocene continental clastic rocks exist in a few places, such as at
Cypress Hills, Hand Hills and Wintering Hills in southem Alberta, and at Whitecourt
Mountain, House Mountain, Saddle Hills, Clear Hills and Caribou Mountains in northern
Alberta. These middle and upper Terttiary strata tend to be thin, and typically are less
than a few tens of metres thick. In the Rocky Mountains and Foothills, there is a thick
sequence of sedimentary and, locally, volcanic rocks that range in age from Helikian to
Tertiary. These rocks have been complexly folded and faulted as a result of the
Cordilleran orogeny.

Regional overviews of the Paleozoic, Mesozoic and Cenozoic strata which exist in the
Western Canada Sedimentary Basin and the Cordilleran Orogen in Alberta, are provided
by McGrossan and Glaister (1964), Douglas (1970), Ricketts (1989), Gabrielse and
Yorath (1992), Mossop and Shetsen (1994), and Stott and Aitken (7993). Ricketts
(1989) stated that the "Western Canada Sedimentary Basin is the general name given
to the wedge of [predominantly] sedimentary rocks that thickens westward from a zero-
edge on the Canadian Shield fo the Foreland Belt. It was an extremely long-lived
depositional realm having a sedimentary record as ’youthful’ as Early Tertiary, and
reaching as far back in time as the Middle Proterozoic."

The Plains Region of Alberta is underlain by a sequence of marine to non-marine
sedimentary rocks that become younger to the southwest (Figure 2.1). In the northeast,
Devonian strata are exposed in a belt that extends from the 60th parallel, southeasterly
to the Alberta-Saskatchewan border (Green 1972). Unconformably overlying these
Devonian rocks is a thick sequence of Cretaceous strata that stretch the length of Alberta,
from the Alberta-British Columbia-Northwest Territories juncture in the northwest, to the
Canada-United States border in the south. Adjacent to the Rocky Mountains, the
Cretaceous rocks are overlain conformably, in places, to disconformably by Tertiary
strata. The Tertiary rocks mainly exist in a belt that extends from near the Grande
Prairie-Lesser Slave Lake area in the north to just south of the Canada-United States
border. Teriary strata also exist locally capping highlands in the Caribou Mountains,
Clear Hills and Saddle Hills of northern Alberta, and at the Cypress Hills in southeast
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Alberta. In the Rocky Mountains and Foothilis, the exposed rock units comprise a thick
sequence of predominantly sedimentary strata that range in age from Middle Proterozoic
to Tertiary. The Paleozoic to Tertiary strata are extensively mantled by Quaternary
surficial materials throughout much of the Plains region.

An understanding of the makeup of the Precambrian basement, the Phanerozoic
succession and major structural elements is important to the evaluation of Alberta’s
diamond potential for the following reasons: (a) areas underlain by thick Archean crust,
such as those which exist in South Africa and the Siberian Platform, have been to date
far more productive in terms of the existence of economic kimberlite or lamproite hosted
diamond deposits in comparison to areas underlain by Proterozoic basement or
Proterozoic to Phanerozoic mobile belts; (b) thicker and therefore colder continental roots
are considered by many (Haggerty 1986; Mitchell 1986, 1987, 1991; Gurney 1990) as a
prerequisite for the preservation of diamonds in the deep crust {or "in the
asthenosphere®); (c¢) diamonds are considered to be xenocrystic in kimberlites and
lamproites and, as such, have been carried from the lower crust to surface by Kimberlitic
or lamproitic magmas during many periods throughout the earth’s history (Mitchell 1989,
1991; Gumey 1990; Gurney and Moore 1993; Kirkley et al. 1991, 1992; Helmstaedt 1992,
1993) and (d) certain structural elements such as anticlese’s (Jennings 1990; Heimstaedt
1992, 1993) are considered by some workers to be more favourable for the emplacement
of diamondiferous alkaline rocks such kimberiites or lamproites.

The crystalline basement which is exposed in the Canadian Shield, the Proterozoic to
Phanerozoic strata and the major structural features of Alberta, have all been studied, to
a greater or lesser degree, by several workers. A brief summary of these important
geological aspects as they pertain to the potential for diamondiferous diatremes in
Alberia, follows.

2.2 Precambrian

According to Hoffman (1988) the North American Craton is essentially an aggregation of
several Archean microcontinents, such as the Wyoming, Superior, Slave, Nain and the
Churchill Structural Provinces (including both the Rae and Heame Sub-provinces), that
were welded together during the Early Proterozoic. A few of these Structural Provinces,
such as the Churchill, record a strong Proterozoic orogenic event that has thermally reset
most isotope systems used for dating of the basement rocks. The Precambrian
crystalline basement rocks that are exposed in northeast Alberta and which lie buried
beneath younger sedimentary cover rocks in the remainder of Alberta, are an extension
of the Churchill Structural Province. Burwash (1993), Ross (1993, 1991) and Ross and
Stephenson (1989) have subdivided the basement rocks benenath the Western Canada
Sedimentary Basin into distinct tectonic-metamorphic domains, with ages ranging from
Archean to early Proterozoic (3,278 Ma to 1,779 Ma). Ross (1993) stated "Major
structures that segment the basement include the subsurface extensions of the Great
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Table 2.1: Table of Formations - Phanerozoic Strata in Alberta.




Geological map of Alberta. Legend on accompanying page (Hamilton et. al., 1994).

Figure 2.1
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Slave Lake shear zone [in northwestern Alberta), Snowbird Tectonic Zone [in central
Alberta] and the Vulcan Low in southem Alberta, all of inferred Early Proterozoic age (ca.
1.8-2 Ga)'. Most of the basement north of the Snowbird Tectonic Zone (STZ) in Alberta
is either accreted juvenile Proterozoic terranes or thermally reworked Archean basement
that is part of the Rae Sub-province (Figure 2.2). Basement south of the STZ is
predominately Archean in age and is part of the Heame Sub-province.

Most workers agree on the interpretation as to the origin of basement south of the STZ,
but there are at least three different interpretations to explain the many Proterozoic ages
(mostly Aphebian) obtained for most of the basement rocks in northem Alberta and, for
that matter, over other large portions of the Churchill Province. Each of these
interpretations has different ramifications for the potential development and preservation
of diamonds in the upper mantle or lower crust and their eventual transport to the surface
by kimberlitic or lamproitic magmas. The first school of thought interprets most of the
Aphebian dates to represent Archean basement that has had its isotope systematics reset
by Proterozoic magmatism and cataclasis brought about by the collision of strictly
Archean microcontinents during the Proterozoic (Burwash et al. 1962, Burwash and
Culbert 1976, Burwash et al. 1994). Frost and Burwash (1986) used Sm-Nd isotope
systematics to show that where certain rocks had yielded Aphebian ages from K-Ar dating
in southern Alberta, the Sm-Nd systematics yielded Archean ages. Burwash (1993)
stated that “ Archean crust which was thermally overprinted during the Hudsonian Orogeny
(1,850 + 100 Ma) underlies the southeastern third of Alberta®. More recently, U-Pb dating
of either zircon or monazite by Ross et al, (1991) has confirmed the Archean ages for
basement rocks in southem Alberta. Burwash (1993) further stated, "In northwestem
Alberta ... intense cataclasis ... accompanied early, middle and late stages of the
Hudsonian metamorphism of pre-existing Archean crust. ... Major shear zones are
probably responsible for most of the strong lineaments on aeromagnetic maps. ...
Hudsonian igneous complexes were emplaced in early (1,900-2,000 Ma) and later (1,750-
1,850 Ma) stages. ... Hudsonian metamorphic belts related to the Wopmay Orogen and
Trans-Hudson Orogen underlie parts of northwestemn Alberta."

A second, more recent, interpretation of the Aphebian dates for basement rocks north of
the STZ is presented by Ross and Stephenson (1989) and Ross et al, (1991), who
suggested that Aphebian U-Pb zircon or monazite dates from northern Alberta are the
result of discreet juvenile Proterozoic terranes that have been accreted to the Archean
age Rae Sub-province. Ross and Stephenson (1989) and Ross et al. (1991) suggest that
northemn Alberta is underlain by extensively deformed, but recognizable, magmatic arc,
passive continental margin and foreland basin sedimentary rocks that were all formed
during the Early Proterozoic. Interestingly enough, however, Villeneuve et al. (1993),
Ross et al. (1993) and Thériault and Ross (1991) also have reported that a strong
Archean component is present in these Proterozoic terranes as indicated by Sm-Nd
isotope systematics.



Origin Uncertain

Lacombe Domain
2.0-1.8 Ga Magmatic Arcs

& &

Rimbey Ksituan

Taltson Great Bear

2.4-2.0 Ga Magnetic Lows

@ & (&

Thorsby  Chinchaga Kiskatinaw?
2.4-2,0 Ga Accreted Terranes

Hottah  Buffalo Head Wabamun

Archean 2.6-2.8 Ga

@ @D D

Slave Heame Rae

Medicine Vulcan Matzhiwin  Eyshil  Loverna
Hat Block Low High High Black

GSL: Great Slave Lake Shear Zone
STZ: Snowbird Tectonic Zone

Figure 2.2: Domain map of the Alberta basement based on geophysical
properties and U-Pb age data, modified after Ross et al. 1991

RIS
DEAKRILRAIKSS
KIRKTBXSKS

NEEBKKS




25.

A third possible interpretation for the basement of northemn Alberta is based on similar
Sm-Nd isotope work and ongoing seismic reflection studies that are a part of the

Lithoprobe program for Saskatchewan. The Trans-Hudson orogenic belt that divides the
Superior and the Churchill Provinces in central Saskatchewan has long been regarded
as comprised of accreted juvenile Proterozoic terranes, including volcanic istand arcs and
associated fore-arc and back-arc basins (Lewry 1981; Green et al. 1985a, b). Moare
recent work, however, has indicated that rocks of the Trans-Hudson orogenic beit may
contain a significant Archean component based on Sm-Nd isotope systematics (Collerson
et al. 1988). Not only are rocks from the Trans-Hudson orogenic belt interpreted to
contain a significant Archean component, but well documented juvenile Proterozoic
terranes further east within the orogenic belt are interpreted to represent tectonically
emplaced Proterozoic crustal slices that are likely underlain by Archean basement
(MacDonald 1987; Chiarenzelli et al. 1987; Collerson et al. 1988; Lewry et al. 1990).
Finally, recent Lithoprobe results indicate that the Proterozoic terranes in northem Alberta
may actually represent thin-skinned thrust slices emplaced during the Proterozoic (Hajnal
et al. 1993).

2.3 Proterozoic

Helikian Purcell Supergroup in southwest Alberta and southeast British Columbia *reaches
a maximum thickness of 11 km ...[and} comprises a sequence of shallow-marine and
nonmarine rocks and an underlying sequence expressed by fine grained, basinal clastic
rocks in the west and platformal, clastic and carbonate rocks in the east. The base is not
exposed. Facies changes are generally distinct near the northeastem limit of exposure,
but become more subtle to the southwest' (Aitken and McMechan 1992). Hadrynian
Windermere Supergroup strata are not present in southwest Alberta, but in westem
Alberta "south of latitude 56° N in the central Rocky Mountains the Windermere
Supergroup is represented by the Miette Group, a thick succession of fine to coarse
clastic strata with locally important carbonate units" (Gabrielse and Campbell 1992). in
British Columbia and the adjacent United States of America, the Purcell Supergroup hosts
several economically important stratiform and epigenetic Pb-Zn-Ag and Cu-Ag sulphide
deposits. In southwest Alberta, the Helikian strata are host to a number of stratabound
copper occurrences (Hamilton and Olson 1994; Williamson et al. 1993).

In northeastern Alberta, the Helikian Athabasca Group comprises a flat-lying sequence

of clastic sedimentary rocks in excess of 1,255 m thick that exists in outcrop and subcrop

south of and immediately north of Lake Athabasca (Wilson 1985a, b). In Saskatchewan,

there are numerous economically important uranium deposits that are spatially associated

with the unconformity between the Athabasca Group and the underlying Precambrian .
basement rocks (Sibbald and Quirt 1987; Sibbald et al. 1991).
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2.4 Paleozoic

In the northeastemn Alberta Plains, the Paleozoic strata comprise Middle and Upper
Devonian marine shale, carbonate and evaporitic lithologies (Green et al. 1970). The
Devonian rocks in northeast Alberta increase in thickness to the west from 0 m at 58°00’
north latitude / 110°00" west longitude to a total thickness of up to about 1,175 m or
greater at 55°00° north latitude / 114°00’ west longitude. At or near the exposed outcrop
or subcropping edge in northeastemn Alberta, there has been extensive corrosion of the
evaporitic units which has resulted in widespread brecciation of the overlying Devonian
strata. In most places the Devonian rocks are poorly exposed, with the best and most
continuous stratigraphic sections occurring along the major rivers and secondary
watercourses.

in the Rocky Mountains and Foothills, the exposed Paleozoic strata range in age from
Cambrian to Permian (Gabrielse and Yorath 1992). Much of the Paleozoic succession
in this region consists of thin to thick sequences of carbonate rocks, interlayered with
predominantly marine fine- to medium-grained clastic sedimentary rocks. Numerous
disconformities and unconformities exist within the Paleozoic succession, and are
indicative of periods of uplift and erosion or they represent nondepositional hiatuses.

2.5 Mesozoic

In the Plains region, Cretaceous rocks exist in outcrop or in subcrop beneath Quaternary
drift over greater than two-thirds of Alberta (Figure 2.1). In the northeastem Plains, Lower
Cretaceous marine to deltaic clastic sedimentary rocks unconformably overlie Paleozoic
strata. To the south and west, the Lower Cretaceous strata are conformably overlain by
Upper Cretaceous marine to continental clastic sedimentary rocks. In northermn Alberta,
the exposed Upper Cretaceous strata are up to 900 m thick, whereas in southem Alberta
the Lower Cretaceous succession is greater than 750 m thick and the Upper Cretaceous
succession is greater than 1,650 m thick.

In the Rocky Mountains and Foothills, Triassic, Jurassic and Cretaceous rocks are
exposed. The Mesozoic strata occur throughout the Foothills and Main Ranges,
beginning just north of Waterton National Park and continuing northwestwards into British
Columbia northwest of Grande Cache, Alberta. Following the deposition of the Permian
units, there was a period of regression of the sea and nondeposition, which accounts for
the Cordilleran-wide sub-Triassic unconformity. This disconformity is overlain by the
Triassic system, which comprises a westward thickening marine sequence of easterly
derived siliclastic and carbonate lithologies that is greater than 1,200 m thick. The
Triassic period ended with uplift, regression of the sea and probable erosion (Gordey et
al. 1892).
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The Jurassic System in westermn Canada records the transition from an essentially passive
continental margin to an active one which, in Late Jurassic time, was characterized by
orogenic uplift in the west (Columbian Orogen) and an associated narrow arcuate
foredeep to the east in western Alberta (Poulton 1989). In general, the Jurassic Period
in Alberta was characterized by several incursions and regressions of the sea. Marine
rocks are dominant in the lower part of the Jurassic succession, but interfingering of
marine and continental sedimentary rocks characterizes the upper part of the Jurassic.
The Jurassic succession ranges from a few metres thick in west central and southem
Alberta up to & maximum of about 2,100 m in places in the Rocky Mountains.

Several major cycles of clastic sedimentary wedges, which were derived from uplift
associated with the Cordilleran Orogen, characterize the Cretaceous and conformably
overlying early Tertiary strata of the Western Canada Sedimentary Basin (Poulton 1989).
In the southern part of the Foreland Belt, the sedimentary succession reflects uplift in the
Cordillera beginning in the Late Jurassic, whereas to the northwest in the Yukon,
sedimentation was not influenced by Cordilleran uplift until Late Early Cretaceous time
(Yorath 1992). During the Early Cretaceous there were several cycles of Cordilleran
orogenesis and associated westerly-derived clastic continental sedimentary wedges. This
is in contrast to the Late Cretaceous to Paleocene period which was characterized by
widespread marine flooding of the continental interior and widespread deposition of
marine fine clastics and, locally, near-marine to deltaic fine- to medium-grained clastic
sediments. In southwest Alberta, volcanic rocks of Late Albian Crowsnest Formation
conformably overlie and are interbedded with upper Lower Cretaceous sedimentary rocks
of the Blairmore Group. The Upper Jurassic-Cretaceous sedimentary strata also contain
abundant coal in the Rocky Mountains, Foothills and Plains of Alberta.

26 Tertiary

Continental sedimentation continued without interruption through uppermost Cretaceous
into Paleocene time in most of western Canada (Yorath 1992). Paleocene strata of
Upper Willow Creek, Porcupine Hills, Paskapoo and Ravenscrag Formations were
deposited during the last part of the uppermost Cretaceous-lowermost Tertiary clastic
wedge. In the westemn part of the Interior Plains of Alberta, the Paleocene succession
ranges in thickness from more than 1,525 m in the Porcupine Hills of southwestem
Alberta to about 70 m for the Ravenscrag Formation in the Cypress Hills of southeastemn
Alberta (Taylor et al. 1964). In southwestern Alberta, Upper Cretaceous to Lower
Paleocene Willow Creek Formation is overlain disconformably by Upper Paleocene
Porcupine Hills Formation. Towards the north near Calgary, however, the Upper Willow
Creek Formation and, possibly, the Porcupine Hills Formation grade into Paskapoo
Formation. In central, western and northwestermn Alberta, Paskapoo Formation
conformably overlies various Upper Cretaceous rock units. In southeast Alberta,
Ravenscrag Formation conformably overlies Cretaceous Frenchman Formation.
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During the Miocene and Pliocene the Rocky Mountains and Interior Plains continued to
be eroded as a result of earlier uplift. Erosion of the plains surface during this time
exceeded 1,000 m in many areas and left scattered granular deposits in many areas and
at various elevations. This Tertiary and early Quaternary erosion was so extensive that
only small scattered patches of Oligocene to Pliocene age fluvial deposits are left in
isolated preglacial valleys and on uplands, with the younger deposits preserved in the
valleys. These include, for example, fluvial deposits at the Caribou Mountains, Clear
Hills, Saddle Hills, House Mountain, Whitecourt Mountain, Hand Hills, Wintering Hills and
Cypress Hills (Ibid). Most of these deposits range in thickness from a few metres or less
up to, at most, a few tens of metres.

In southem Alberta and northern Montana there are several basic intrusions and dykes
that are commonly referred to as the "Sweet Grass Intrusions®. These intrusions cut
Upper Cretaceous strata and have been dated at about 48 Ma (/bid), or of Eocene age.

2.7 Quaternary

The investigation of the Quatermnary sediments of western Canada began with the early
expeditions to the region during the 1800’s (examples include Dawson 1875, 1885, 1898:;
Dawson and McConnell 1895, McConnell 1885, Tyrreli 1887). Recent papers which
provide information on the history and stratigraphy of the Quaternary succession, as well
as pertinent references, include those by Bobrowsky and Rutter (1992), Clague (1989b),
Dyke and Prest (1987), Fenton (1984), Fulton et al. (1984), and Fullerton and Colton
(1986 - this paper focuses on Montana), Klassen (1989) and Prest (1984).

In Alberta, the Quatemary glacial deposits have been geologically mapped mainly at
1:253,440 scale and, locally, at larger scales. However, the surficial mapping of Alberta
is incomplete, and even at the reconnaissance scale (about 1:250,000), the existing
mapping is restricted to the southem, central and northeastern parts of the province
(Figure 2.3). Much of the Quatemnary deposits in the northem and northwestern part of
the province have not been systematically mapped, hence the type and thickness of the
glacial and other surficial lithologies is either unknown or poorly known. Pertinent
references for the Quatemary geology of Alberta include Barton et al. (1964), Prest
(1970), Fenton (1987) and Fuiton (1989).

Prior to glaciation, the Alberta plains consisted of broad, generally northeast trending
valleys separated by low uplands. Stream deposits in the valleys consisted predominantly
of quartz sand and gravel dominated by clasts of resistant quartzite, argillite and chert
derived from the Cordillera and Rocky Mountains, or reworked clasts derived by glacia!
or fluvial processes from older Tertiary and Cretaceous deposits.

Repeated glacial and nonglacial intervals left a complex sequence of glacial, fluvial,
lacustrine and minor amounts of eolian and organic sediment of different ages (for
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example, see Andriashek and Fenton 1989). The major portion of the sediment is till
(glacial diamicton), with lacustrine sediment the next most abundant. The till deposited
by the Laurentide glaciers contains clasts of Precambrian and Paleozoic bedrock that
have been giacially transported from the east and north. The tili deposited by the
Cordilleran or Rocky Mountain glaciers contains clasts of resistant quartzite, carbonate,
argillite and chert.

Locally the till can be subdivided into a number of units or facies (see for example
Proudfoot 1985; Mougeot 1991 and Levson and Rutter 1988).

The surface sediments in Alberta are composed of a variety of terrain types of which
about 70% are of glacial origin and 20% are of lacustrine origin (Shetsen, 1981 and
1990). The geomorphological terrain can be divided into a number of types, all of which
can be recognized on air photographs and each type is characterized by being
predominantly underiain by certain sediment types (for example, see Prest 1970 and
Mougeot 1991).

Multiple glacial advances from the east, northeast and/or north (the Laurentide source),
and the west (either the Cordilleran or the Rocky Mountain source) have been
documented. Note that the term *Cordilleran glaciers’ is used herein specifically to refer
to those glaciers that originate in the interior of British Columbia, west of the Rocky
Mountain Trench. However, elsewhere the term ’Cordilleran glaciers’ also is used by
some to refer to all glaciers flowing from the Cordillera and Rocky Mountains, particularly
in the literature focusing on the major portion of Alberta that was affected only by the
Laurentide glaciers.

During each Laurentide ice advance the northeasterly drainage systems of the entire
Interior Plains were dammed so that lakes developed in the valleys and depressions, and
drainage was diverted to the south (Christiansen 1979; Clayton and Moran 1982;
St. Onge 1972). During ice retreat proglacial, ice marginal lakes developed as the ice
melted, and steep-walled valleys were cut where (1) meltwater flowed from one lake basin
to the next, (2) flow was channelled southward along the ice margin, and (3) drainage
was re-established in sediment-filled segments of preglacial valleys. Commonly, the
drainage systems that developed during nonglacial time roughly followed the preglacial
valleys with, in many places, the channel eroding into the thick sequence of sediment left
behind by the retreating ice. Locally, flow was diverted from one valley system to another
through trenches cut by meltwater. The stream deposits which were laid down during
nonglacial periods, in part consist of sands and gravels that contain resistant pebbles
similar to those deposited during preglacial times. However, the stream deposits also
include important and distinctive admixtures of material from the Precambrian Shield and
the adjacent fringe of Paleozoic carbonate bedrock that had been transported westward
and southward by the glaciers. In short, the repeated glacial and nonglacial intervals
have left a complex sequence of glacial, fluvial and lacustrine sediment of different ages
in Alberta. Holocene rivers subsequently have cut new valleys into these complex
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deposits. The most extensive exposures of these Quaternary deposits are in southem
Alberta along the old valleys of the South Saskatchewan and Oldman Rivers.

Evidence for the age of the earliest glacial advance from the Rocky Mountains comes
from a section exposed on Mokowan Butte in southwestemn Alberta just east of Waterton
National Park. The third till down in a five till sequence lies within the highest, hence,
youngest, magnetically reversed zone; that is within the Matuyama reversed polarity zone
which extends in age from 720,000 to 2,470,000 years (Barendregt et al. 1991a).
Therefore the two underlying tills may be considerably older.

Evidence for the earliest Laurentide advance into the southwestemn Plains comes from
the Wellsch valley site, which is in southwestern Saskatchewan east of the Alberta
border. There, in one section, magnetically reversed stratified sediments lie below an ash
layer dated at 690 ka (see Barendregt ot al. 1991b for the latest interpretation and earlier
references). Further along the bluff at another section at Wellsch valley, stones derived
from the Precambrian Shield are present in the lowest stratified unit. Tentative correlation
between these two sections indicates that Laurentide ice may have reached southwest
Saskatchewan during the Matuyama magnetically reversed period. The stratigraphy at
the section exposed in the Medicine Hat area of Alberta west of the Saskatchewan
border, indicates the Laurentide glaciers advanced over this area at a later date because
the preglacial Saskatchewan Gravels and Sands contain an ash layer dated at 435 ka
(Klassen 1989).

2.8 Regional Structures

The regional structures and tectonic evolution of the Westem Canada Sedimentary Basin
and of Alberta have been discussed by several workers, including Webb (1964), Lorenz
(1982), Cant (1988), Podruski (1988), Leckie (1989), Cant and Stockmal (1989), Osadetz
(1989), McMechan and Thomson (1989), McMechan et al. (1 992), Ross (1991), and Ross
and Stephenson (1989) (Figure 2.4).

The major structures of Precambrian age in Alberta include the Great Slave Lake shear
zone in northem Alberta, the Snowbird Tectonic Zone in central Alberta, and the Southem
Alberta Rift (or Vulcan Low) in southem Alberta (Ross 1993: Kanasewich 1968;
Kanasewich et al. 1969; Williamson et al. 1993). These features all are inferred to be of
Early Proterozoic age (ca. 2.0 to 1.8 Ga), but were periodically active to a greater or
lesser degree throughout the Proterozoic and into the Phanerozoic.

Other tectonic features that were active and affected the deposition of Phanerozoic strata,
from approximately oldest to youngest, include: (a) the Peace River Arch in northwest
Aiberta; (b) the West Alberta Arch in westem Alberta; (c) the Meadow Lake Escarpment
in east-central Alberta; (d) the Sweet Grass Arch and Alberta Syncline in southem and
westemn Alberta; (e) the Rocky Mountain Fold and Thrust Belt; () transverse, tear and
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normal faults in the Rocky Mountains and Foothills; and (g) fracturing and salt dissolution
features in some parts of the Plains region, particularly in northeast Alberta.

2.8.1 Great Slave Lake Shear Zone and Snowbird Tectonic Zone

The Great Slave Lake shear zone (GSLSZ) is a major northeast trending crustal
lineament that the regional aeromagnetic data indicate extends from near Chantrey inlet
in the Keewatin District of the N.W.T., southwesterly across northwestern Alberta and into
northeastern British Columbia (Ross 1991, 1993; Ross et. al. 1991). This crustal-scale
fault zone was mainly active about 1.9 Ga (Hoffman 1987), but tectonic movement
occurred along the GSLSZ until at least Middle Givetian during the late Middle Devonian
(Skall 1975). In northwestem Alberta, the GSLSZ is recognized by the juxtaposition of
different aeromagnetic domains, and the predominant sense of movement is dextral (Ross
et al. 1991).

The Snowbird Tectonic Zone (STZ) is also a major northeast trending crustal lineament
that extends from near Baker Lake, Northwest Tenitories, southwesterly to just north of
the Lac La Biche area, Alberta. It splits the Churchill Province into two separate
basement domains (Ross et al. 1989, 1991). The STZ is a prominent lineament on the
aeromagnetic and gravity maps of Canada (GSC 1990a, b). Ross et al. (1989, 1991)
suggested that the STZ bifurcates into two zones below the Phanerozoic basin that is
southwest of the Lac La Biche area. The southem zone, which encompasses the
Thorsby Low, exhibits a sinuous projection to the southwest where it appears to intersect
the Foothills region of Alberta in the vicinity of Nordegg. Interestingly, some other
important noritheasterly trending geological features also exist in the vicinity of Nordegg.
These include the axis of the doubly plunging Late Cambrian to Devonian West Alberta
Arch (Verrall 1968), the Late Devonian Cline Channel (Geldsetzer and Mountjoy 1992)
and the Cretaceous Bighom Tear Fault (Verrall 1968). in addition, more recent work by
Edwards and Brown (1994) has documented the existence of basement faults that extend
into the Paleozoic and Mesozoic succession in the vicinity of the Thorsby Low. Further
work is needed to clarify the actual position of the STZ and to document its relationship
to other Phanerozoic structures which exist in the vicinity of Nordegg in the Rocky
Mountains, and in the Foothills and Plains of Alberta.

2.8.2 Southern Alberta Rift

The Southem Alberta Rift, which also is known as the Vulcan Low, was first described
by Kanasewich (1968) and Kanasewich et al. (1969) using deep seismic reflection,
magnetic and gravity data. Kanasewich (1968) suggested the Southem Alberta Rift is
traceable for 450 km from just north of Medicine Hat near the Alberta-Saskatchewan
border, to the Rocky Mountains southwest of Cranbrook near the British Columbia-ldaho
border. Kanasewich et al. (1969) suggested that this rift is Precambrian in age,
penetrates the crust to the Mohorovicic discontinuity and has associated faults with
vertical displacement of up to 5 km. McMechan (1981) described evidence of graben-like,
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synsedimentary normal faulting throughout the Precambrian Belt-Purcell Supergroup. She
stated that the northeast trending St. Mary-Boulder Creek Fault near Kimberly, British
Columbia and the Moyie-Dibble Creek Fault further to the southeast, were active
periodically during much of the Proterozoic and that they correspond to the location of the
subsurface trace of the Southern Alberta Rift identified by Kanasewich (lbid.). Regional
Bouger gravity anomaly maps show significant differences in the gravity field on either
side of these faults, which may mark the margins of a long-lived, crustal scale rift (Price
1981, Fountain and McDonough 1984). Examples of such rifting during Belt-Purcell
Supergroup, Windermere Supergroup and Late Proterozoic to Early Cambrian time at the
edge of the North American continent, have been described by a number of authors (e.g.,
Leech 1962, Stewart 1972, Lis and Price 1976, Benvenuto and Price 1979, Struik 1987,
Devlin and Bond 1988;=, Devlin 1989).

Evidence for younger reactivation of the Southern Alberta Rift, associated with faults of
lesser magnitude, has been presented by a number of authors (Olson et al. 1994). Price
and Lis (1975), for example, described significant differences in thicknesses and facies
of Upper Paleozoic rocks across the Moyie-Dibble Creek Fault. Brandley and Krause
(1993) and Brandley et al. (1993) suggested that increased thicknesses of Mississippian
carbonates are spatially associated with the location of the Southem Alberta Rift and
therefore are indicative of subsidence during that period. Pope and Thirlwall (1992)
suggested that group Il ultrapotassic dykes and diatremes of kimberlitic affinity in
southeast British Columbia are indicative of passive margin rifting, and possibly are
related to reactivation of the Southern Alberta Rift during the Permian-Triassic period.
Hopkins (1987, 1988) described synsedimentary subsidence of Lower Cretaceous rocks
in the Cessford hydrocarbon field and postulated this subsidence is associated with a
narrow graben that reaches from the Precambrian basement into the Cretaceous section.
The Cessford field is located southeast of Calgary near the inferred northem margin of
the Southemn Alberta Rift. Reactivation of the rift during the Early to Late Cretaceous is
further supported by deposition of the thickest portions of the Crowsnest volcanics which
are centred within the bounds of the rift (Pearce 1970; Adair 1986), and increased
thicknesses and abrupt facies changes of the Cretaceous sedimentary rocks within and
adjacent to the approximate boundaries of the rift (Jerzykiewicz and Norris 1993a, b).
The volcanics are trachytic to phonolitic in composition and, if compared to other trachyte
and phonolite provinces, are indicative of continental rifting. The Lewis and Clark Fault
System and the Great Falls Tectonic Zone, which exist in the northem United States of
America, can be regarded as step-like sympathetic structures to the Southemn Alberta Rift.
These two fault zones are deep-seated and have a history of recurrent fault movements
very similar to the Southern Alberta Rift. Episodic fault movement along the Lewis and
Clark Fault System and the Great Falls Tectonic Zone has been documented from early
Proterozoic to the Tertiary, and perhaps occurred as recently as the Holocene (Lorenz
1984; O'Neill and Lopez 1985; Wallace et al. 1990). In shont, the syndepositional faults
which are subparallel to the regional trend of the graben, the associated sedimentary
facies changes and the locally syndepositional volcanism, indicate the Southern Alberta
Rift has been periodically active over a long period of time from the Precambrian to at
least the Late Cretaceous.
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2.8.3 Peace River Arch

Regional syntheses of the Peace River Arch (PRA) have recently been published by Cant
(1988), O'Connelt et al. (1990), and O'Connell {1994). This east-northeasterly trending
structure extends from the Front Ranges in northeastern British Columbia across north-
central Alberta and has a total length of approximately 750 km. At the Alberta-British
Columbia border, the Peace River Arch stands approximately 1,000 m above the regional
elevation of the basement. This elevation decreases towards the east. It is
approximately 500 m at the fifth meridian in central Alberta, and less than 50 m near the
fourth meridian in eastem Alberta. The Arch has created a wide zone of structural
disturbance and has a width of approximately 140 km at the sixth meridian in northwest
Alberta.

There are no distinct aeromagnetic or gravity anomalies that coincide with the axis of the
Peace River Arch, but seismic refraction analysis shows that there is a subtle crustal uplift
at the Moho level that is partially coincident with the Arch axis (Zelt 1989; Stephenson et
al. 1989; Ross 1990). Although the trend of the Peace River Arch paralleils the tectonic
strike of the exposed Precambrian Shield in northeast Alberta, the location of the Arch
does not coincide with any northeast trending tectonic elements in the Alberta basement
and is apparently not the result of the uplift of a single or discrete Precambrian structure.

it appears that the Peace River Arch was superimposed upon a pre-existing Precambrian
basement geology. That is, the Peace River Arch overprinted the earier basement
structure and was active as early as the Late Proterozoic (O'Connell et al. 1990; Ross
1990). The oldest expression of the Peace River Arch consists of uplifted and truncated
Upper Proterozoic and Lower Cambrian sediments that are exposed in the Cordillera
{McMechan 1990). Pre-Middle Devonian rocks are largely absent in the vicinity of the
Arch. The first significant sedimentary deposits consist of coarse grained clastics that are
known as the Granite Wash and are believed to be middle Devonian in age. These
clastics were deposited within a series of extensional graben structures that were formed
on the crest and flanks of the Arch during uplift, and have a relief of up to 100 m.

Throughout the middle and late Devonian the Peace River Arch was an emergent feature
that was gradually onlapped by predominantly carbonate sediments. Episodic tectonism
led to the reactivation of Precambrian fault zones and influenced sedimentation pattems
within and around the Arch (Dix 1990). By the end of the Devonian the Arch was no
longer emergent and shallow marine deposition reflected a continuation of Devonian
subsidence trends (O'Connell 1990).

During the late Early Carboniferous a tectonic inversion occurred in which the central
region of the Devonian emergent Peace River Arch began to subside and form a large
northwest trending basin. By the lower Visean, the region of the Peace River uplift had
been fundamentally transformed by the development of a series of linked grabens that
formed the Peace River Embayment. The development of the Embayment is the product
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of a complex extensional regime with kilometre scale subsidence and significant
displacements along growth type block faults (Barclay et al. 1990). The Embayment
persisted throughout the Permian and Triassic.

During the Cretaceous, accentuated subsidence occurred in the Peace River region which
indicates an underlying local structural control of basin configuration in this area. This
has influenced lower Cretaceous channel and shoreline trends, and minor structural
offsets within the Late Cretaceous may have been caused by the reactivation of
undertying Peace River Arch and Embayment structures (e.g., Hart and Plint 1990).

O'Connell et al. (1990) have demonstrated the possibility that regionally significant
Precambrian fault zones in the Peace River region have been reactivated throughout the
Phanerozoic. Some major basement terrane contacts are coincident with: (a) the trends
of Devonian and Carboniferous grabens, (b) the emplacement of Late Devonian dolomite
occurrences and (c) a linear Cretaceous erosional feature.

The Peace River Arch intersects the Rocky Mountains and Foothills just west of the
Alberta border in British Columbia, but its influence on the Alberta-portion of the Rocky
Mountains is uncertain. In northeastern British Columbia, however, Stelck et al. (1978)
documented that Peace River Arch tectonics had affected sedimentary rocks as early as
the Late Proterozoic in the Rocky Mountains at the Vreeland and Ice Mountain areas.
Burwash (1990) suggested that the effects of the Peace River Arch can be seen as far
east as the Shield exposure in the Marguerite River area near the Saskatchewan border,
and that its persistence to the present is evidenced by positive relief and high heat
generation in the basement rocks.

Various mechanisms have been proposed for the origin and development of the Peace
River Arch, none of which is entirely satisfactory. These vary from a completely thermal
origin, to a non-thermal passive flexural origin, or a combination of both. In summary, the
Arch is a deeply buried structural feature that has had a complex tectonic history
extending from the Late Proterozoic until at least the Late Cretaceous. It is clear that
several episodes of crustal extension have been focussed in this region throughout the
Phanerozoic.

2.8.4 West Alberta Arch

The West Alberta Arch (WAA) is a northwest-trending structure at least 500 km in length,
with its axis located at about the eastern limit of the Rocky Mountains (Verrall 1968). This
uplift formed a southern extension of the Peace River Arch. It was active from at least
Silurian to Middle Devonian time as evidenced by the lack of Late Cambrian to Middie
Devonian carbonates and shales, and the presence of Middle to Upper Devonian fringing
reefs (Geldsetzer and Mountjoy 1992). The Middle Devonian succession in central Alberta
was deposited within a shallow, restricted epicontinental seaway that was separated from
the open ocean to the north and west by the landmass formed jointly by the Peace River
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and West Alberta Arches. Verrall (1968) suggested that the West Alberta Arch might
have been active as early as Late Cambrian. As well, the WAA may have been
reactivated during the late Paleozoic. For example, Geldsetzer and Mountjoy (1992)
described the presence of debris flows, spectacular megabreccias and deep-water
channels (such as the Cline Channel) within Upper Devonian carbonates, with no
evidence of subaerial exposure associated with the WAA. They (lbid.) suggested
earthquake generated debris flows may have been responsible for these deposits.
However, local grabens might also have caused the debris deposits and these structures
may have been active in a few places along the WAA during the Late Devonian, after the
major uplift of the Arch. As well, some evidence exists that indicate the WAA and other
structures were reactivated during the Lower Carboniferous (Brandiey and Krause 1993;
Brandley et al. 1993). Verrall (1968) shows the WAA as a northwest trending, doubly
plunging antiformal feature with its northeast trending hinge located in the vicinity of the
Upper Devonian Cline Channel, the approximate projected trend of the Snowbird Shear
Zone within the crystalline basement and the northeasterly trending Bighorn Tear Fault,
which offsets Cretaceous thrust faults. It has not been established whether the
approximate spatial overlap of these structures is coincidence or whether they are
tectonically related.

The reason for uplift of the WAA is not known, but Bingham et al. (1985) reported that
a conductive ridge underlies the Eastern Rocky Mountains. They suggested that in the
American Rockies, similar conductive structures are correlated with high heat flow and
low seismic velocities in the lower crust. They further suggested that partial melting and
periodic uplift might have been associated with the conductive ridge. Perhaps partial
melting during the Paleozoic beneath the present-day location of the Eastern Rocky
Mountains was responsible for uplift of the WAA.

2.8.5 The Meadow Lake Escarpment

The northeasterly trending Meadow Lake Escarpment is formed by the erosional edge of
the Ordovician Red River Formation carbonates (van Hees and North 1964). To the east
in Saskatchewan and Manitoba, the Meadow Lake Escarpment trends easterly and runs
south of and parallel to the Kisseynew Lineament. Towards its westermn end in Alberta,
the Meadow Lake Escarpment widens out and flattens (Figure 2.4). In general, the
Meadow Lake Escarpment is believed to have formed as a result of broad uplift to the
north, with the Meadow Lake Escarpment acting as a hinge line, during latest Silurian to
earliest Devonian time. This caused erosion of the Ordovician-Silurian strata north of the
Escarpment, and resulted in Devonian strata unconformably overlying Precambrian rocks
north of the Escarpment whereas to the south they unconformably overlie Ordovician
rocks. Some authors, however, have referred to the Meadow Lake escarpment as a
‘cuesta” or attribute its origin to transcurrent fauiting (Douglas et al. 1970; Haites 1960).

2.8.6 Sweet Grass Arch and Alberta Syncline

The Swestgrass Arch is a northward plunging, complex antiform located in southeastern
Alberta and covers a region of approximately 32,000 km? (Christopher 1990). Recent
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summaries of the Sweetgrass Arch are provided by Herbaly (1 974), Lorenz (1982), Leckie
and Rosenthal (1986), Podruski (1988) and Christopher (1990). The structural complex
forms a broad divide between the Rocky Mountain foreland basin to the west and the
Williston Basin to the east. The Sweetgrass Arch rises in Montana at the northwest
trending Kevin-Sunburst Dome. The Arch plunges northwards into Alberta where it meets
the southwest plunging anticlinal nose of the Bow Island or Battleford Arch. This
structural low between the Sweetgrass and Bow Island Arches is known as the Suffield
Saddle (Herbaly 1974). )

The initial structural expression of the Sweetgrass Arch is seen in the Proterozoic. The
location of the Arch during Precambrian time may be due to its position, which at that
time was at the flexural hinge of the continental shelf margin, and also possibly due to
thermal uplift associated with localized igneous activity.

There are indications of Sweetgrass Arch uplift and erosion in pre-Devonian times (Kent
1986, 1994). Carboniferous and Permian sediments wedge out against the eastem flanks
of the Arch, accentuated by downwarp of the Williston basin. The cumulative tectonic
relief of the Sweetgrass Arch throughout this time is estimated to have been
approximately 600 m (Christopher 1990). Uplift was enhanced during the Triassic and
the Arch was widely emergent, with deposition onlapping its eastem flanks. Widespread
uplift and erosion of the Arch succeeded the Carboniferous-Triassic epeirogeny. Major
erosional valley systems were cut into the Arch which strongly influenced later deposition
in successor basins.

Lorenz (1982) suggested that during the Jurassic the Sweetgrass Arch was uplifted as
a peripheral buige within the foreland basin, along pre-existing zones of weakness.
Evidence for this comprises erosional unconformities within the Jurassic succession
throughout the region of the Sweetgrass Arch. During the Early Cretaceous, uplift and
southwesterly tilting of the Arch was followed by a general episode of subsidence. During
the late Cretaceous and early Tertiary Laramide orogeny, the Sweetgrass Arch was
uplifted by horizontal compressive forces, which created the present configuration of the
Arch. The orogeny also activated many long lived fault-zones and linears in the area.
The region became an active centre of igneous intrusion. These include the plutonic
intrusions that form the Sweet Grass Hills, which have been dated at 50 to 54 Ma, and
occur along the axis of the Sweet Grass Arch in northern Montana. These intrusions
affected sedimentation of the lower Tertiary clastic wedge in southwestem Saskatchewan
and Alberta.

With respect to the Alberta Syncline, Leckie (1989) has stated "The Alberta Syncline,
situated between the Sweet Grass Arch and the deformed belt of the Rocky Mountains,
is a relatively young structural feature, having been formed during Late Cretaceous to
Early Tertiary time. The eastem limb of the Alberta Syncline parallels the west-dipping
Precambrian basement; the westem limb is formed by east-dipping strata representing
the eastern margin of the Rocky Mountain Foothills."
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2.8.7 Rocky Mountain Fold and Thrust Belt

In the Alberta portion of the Canadian Cordillera, there are three linear belts of distinctive
style: the Foothills, Front Ranges and Main Ranges Foothills bedrock geology is
characterized by thrust faults with Tertiary and Mesozoic strata in the footwall and either
Mesozoic strata or Carboniferous and younger strata in the hanging wall. The Front
Ranges, which are marked by the Lewis and McConnell thrusts, place Devonian to
Proterozoic thick carbonates onto Cretaceous rocks. In the Main Ranges, the thrust
sheets are predominantly composed of Paleozoic and Proterozoic strata where Mesozoic
strata are not preserved. The structural style changes from southeast to northwest in
Alberta, and into British Columbia. In the south, discrete overthrust faults of significant
stratigraphic offset are present, whereas to the northwest there are large amplitude box
and chevron style folds with little stratigraphic separation that are underlain by blind
thrusts of significant stratigraphic offset (/bid). This change in structural style from south
to north coincides with a significant change in the dominant lithology of the deformed
rocks. That is, it occurs where Paleozoic platformal carbonates which are characteristic
of the southem Alberta Basin give way to basinal mudstone-dominated strata to the
northwest (McMechan et. al. 1992).

In Alberta, the Rocky Mountains and Foothills are dominated by northwest-trending folds
and thrust sheets that developed during accretion of land masses west of the Rocky
Mountain Trench. For example, the Lewis Thrust carried the Precambrian and some
overlying Paleozoic rocks from as far west as Cranbrook, British Columbia and
superimposed them on Paleozoic and younger rocks. Also present within southwestern
Alberta are numerous other thrust faults as well as some normal faults which are
transverse to the regional strike. The geological base maps (Figures 2.4, 2.5 and 2.9)
which accompany this report, are simplified and only selected faults and fold structures
are shown. The structural geology of the Eastern Rocky Mountains and Foothills is well-
summarized by Chartesworth (1959), Shaw (1963), Bally et al. (1966), Dahlstrom (1970),
Jones (1971) and Price (1981). Work during the 1970’s and 1980’s has been focused on
the details of imbricate thrusting and the actual mechanisms responsible for the formation
of such structures as floor thrusts, roof thrusts and duplexes (Price and Lis 1975; Fermor
and Price 1987; Price 1994).

The Canadian Cordillera formed during the Laramide Orogeny, with most of the
deformation occurring from the late Cretaceous to early Tertiary. However, uplift to the
west is documented as early as the Jurassic by the Kootenay Group-Blairmore Formation
clastic wedge (Eisbacher et al. 1974). Therefore, the formation of the Eastern Rocky
Mountains and Foothills of Alberta was probably an ongoing process from Late Jurassic
to Paleocene time, but the last major stage of uplift is thought by many authors to have
occurred during Late Eocene to Oligocene. The evidence for this is the deformation of
sedimentary rocks as young as Paleocene and the deposition of undeformed Eocene and
Oligocene conglomerates (Shaw 1963; Bally et al. 1966; Eisbacher ef al. 1974).
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2.8.8 Transverse, Tear and Normal Faults

Northeast-trending transverse, tear and normal or subvertical faults, with or without
"evidence of vertical movement, have been reported or geologically mapped in a few
places along the Alberta Rocky Mountains and Foothills by several workers, including
Beach (1942), Birnie (1961), Fitzgerald (1962), Price (1967), Verrall (1968), Dahistrom
(1970}, Moffat and Spang (1984), McGugan (1987) and McMechan (1988). Excellent
summaries of the early mapping and geological setting of these structures are given in
Price (1967) and Dahlstrom (1970).

Large prominent tear faults that have been identified in the Alberta Rocky Mountains
include the Bighom Tear Fault (Verrall 1968; Dahistrom 1970), the Ghost River Fault
(Fitzgerald 1962) and a possible tear fauit near Moose Mountain (Beach 1942). The
Bighomn Tear Fault exists along the North Saskatchewan River southwest of Nordegg, and
it marks the southem termination of the Bighom Range. Verrall (1968) suggested that
the Bighomn Tear Fault exhibits vertical movement along with shearing because the south
side is significantly downthrown. The major period of movement on this structure was
during the Laramide Orogeny because-the Bighorn Tear Fault cuts Upper Cretaceous
rocks in the Cripple Creek thrust sheet, but is overridden by the McConnell thrust sheet.
The poorly exposed Ghost River Fault is near vertical and exhibits at least 140 m to
185 m of vertical movement, with the south side downthrown (Fitzgerald 1962). The
western end of the fault appears to be oveiridden by the Exshaw thrust fault. A possible
tear fault was mapped southwest of Moose Mountain by Beach (1942), although
subsequent mapping by Ollerenshaw (1975) indicated that this structure may be an
oblique thrust fault.

Areas where northeast trending, transverse and normal faults have been documented in
the Alberta Rocky Mountains and Foothills, include: (a) Indianhead Creek, (b) the
headwaters of the Clearwater River, (c) southwest of Banff, (d) southwest of Canmore,
(e) in the EIk, Opal and Misty Ranges east of Kananaskis Lakes, and (f) in the Mount
Head area. Birie (1961) described a series of four northeast trending normal faults that
cut the Third Range thrust sheet at Indianhead Creek and have an average of 460 m of
north-side-down displacement. Verrall (1968) described faults along the headwaters of
the Clearwater River as right lateral shears that cut the Siffleur and Sulphur Mountain
thrust sheets. He also described some faults southwest of Banff as left lateral shears that
do not cut the Sulphur Mountain thrust sheet. Moffat and Spang (1984) described
transverse faults in the Sulphur Mountain and Rundle thrust sheets southwest of
Canmore. They suggested these transverse faults developed during thrust movement in
response to differential sheer along the moving thrust sheet. McGugan (1987) described
several northeast trending transverse faults with apparent right lateral movement that cut
rocks above the Lewis Thrust east of Kananaskis Lakes in the Elk Range. McGugan
(1987) stated that at least one of the fauits has an apparent displacement of 150 m, and
noted that although the faults exhibit tear movement, vertical movement cannot be ruled
out. McMechan (1988) has mapped dozens of northeast trending transverse faults north
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and east of the Elk Range along the eastern border of Peter Lougheed Provincial Park
within the Opal and Misty Ranges. Many of these faults exhibit apparent right lateral
displacement. Price (1967) concluded that the steep dip-slip-movement indicators which
exist along these faults, indicate the faults formed prior to thrusting as extensional gravity
faults whose orientation was controlled by the Hudsonian basement fabric. Lastly,
Douglas (1958) described northeast trending vertical faults in the vicinity of the Highwood
River. He suggested that they are tear faults with up to 305 m of horizontal offset in
places.

2.8.9 Folds, Faults, Fractures, Sait Dissolution Features and Other Structural
Anomalies in the Plains Region

In addition to the foregoing major tectonic features that affected the Western Canada
Sedimentary Basin, there are other, more local, major structural elements, including: folds,
faults, fractures, salt dissolution features, and a few problematical structures which are
commonly inferred to be of astrobleme origin (Osadetz 1989) (Figure 2.5, Table 2.2).

The major folds and faults are of compressional origin and are associated with the
Laramide Orogeny which formed the Rocky Mountain thrust and fold belt. East of the
Rocky Mountain deformed belt, faults, folds and other tectonic elements are uncommon,
but do exist locally. “Faults occur throughout [the] southerm Interior Platform and although
many reports indicate or infer their presence, their description and analysis is sparse.
Faults can be subdivided into three general groups: normal faults observed or inferred to
cut crystalline basement, normal faults that do not reach basement, and wrench faults
that are Laramide compressive structures” (Osadetz 1989). As well, there are faults
associated with salt dissolution collapse. "There are many other faults inferred to explain
linear facies patterns, oil field trends or surficial lineaments whose position or existence
remains to be substantiated"” (Moffat and Gardner 1981). Osadetz and Haid (1989) stated
that “faults are not commonly reported in the Interior Platform although faulting is an
important component of petroleum plays in the Tippecanoe sequence (Middle Ordovician
to Lowest Devonian). Most faults have stratigraphic offsets that terminate at the sub-
Middle Devonian erosion surface. ... Some dolomitization pattermns are believed to be
controlled by fluids that moved through basement faults."

Fractures have had a profound infiuence on the location of many oil and gas pools, and
the quality of reservoirs in Westem Canada as a result of their affect on host rock
porosity (Osadetz 1989). The conditions of such fracturing are controlled by crustal
stresses (Bell and Babcock 1986). "Several regions in the Interior Platform exhibit
complex and anomalous structures. Most of these are considered to be astroblemes”
(Osadetz 1989). in Alberta, possible astrobleme structures include the Steen River
Structure (SRS) in the north and the Eagle Buite structure in the southeast (Winzer 1972,
Sawatzky 1975) (Figure 2.5).
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horizontal displacement,

Table 2.2  Summary of Major Faults and Other Structural Anomalies in Alberta
Anomaly # GEOLOGICAL FEATURES
{General Area) Location Source
Nature of Approximate Size Orlentation Relative Age or Associated Comments
Anomaly Horizons Anomalies
Affected
——
FAULTS CUTTING PHANEROZOIC STRATA
F-1 Twp. 7-9, Two transcurrent The Bullstead Cresk BCF= N44°W Post-Cretaceous | Positive gravity There are Haites and van
{Eagle Butte) R. 4-5W4M faults, connected Fault is at least 27 km MLCF= N26°W anomaly; close numerous other Hees {1962);
by three thrust long, and the Medicine BCF= sinistral proximity to smaller-scale Gallup (1956}
faults and one Lodge Coulee Fault at movement bentonite faults in the and Westgate
normal fault. least 20 km. MLCF= dextral occurrance #'s vicinity, and there (1968)
Displacements of up to movement 817 Is evidence that a
165 m vertically. deep-seated
plutonic dome or
Note: 1,000 m verticat plug may be the
dis-placement cited in source of this
Waestgate (1968). anomaly.
F-2 Twp. 9-10, Transcurrent to The fault is at least 20 Strike = N37°W | Post-Cretaceous | None A N-S channel, Haites and van
(Taber) R.16-17W4 normal, dextral (?) | km long withup 10 30 m Dip = 65°SW over 100 m deep, Hees (1962);
fault, vertical and 2 km of early Early Russall and
hotizontal displacement. Cretaceous age Landes (1940)
cuts Jurassle and
Misslissippian
rocks in the same
area.
F-3 14-29-20W4 Transcurrent, At least 5 krn long, with Strike = N37°W | Post-Cretaceous | Close proximity to | Vertical Haites and van
{Drumheller) dextral fault. vatiable vertical Dip = B0°SE(?) bentonite displacetment Hees (1962);
displacement (up o 25 occurrence #'s 8-8¢ | changes sign Haites (1960)
m} and about 1.5 km of and 25-27 along the strike of

the fault (normal
to reverse to
normal), indicating
dominant strike-
slip mavement.
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Anomaly # GEOLOGICAL FEATURES
(General Area) Location Source
Nature of Approximate Size Orientation Relative Age or Associated Comments
Anomaly Horizons Anomalies
Affected
F-4 1-12-29-2W4 One or two (7} Up to about 100 m of Unknown Post- None About 100 m of Workman
(Albercan) normal faults. vortical displacement, Mississippian Devonian to (1954); Haites
and Pre- Mississippian and van Hees
Cretacsous, with rocks are missing (1962)
possibly some from the
post-Cretaceous anomalous hole,
movement. while at the same
time 60 m of
Mississippian
carbonates are
present in this
hole and no where
elsg. Evidence of
graben-type faults,
F-5 Twp. 9-10, An imbricate series | The faults are present in Strike = N20°W | Post-Cretaceous | None None Irish (1971)
{Monarch Fault R.23-24W4 of E-dipping thrust an area about 10 km to N25°E (Laramide)
Zone) faults of small long and about 3 km Dips to the SW
displacement, wide. and NwW
F-6 Twp. 8-10, Thres or more Faults are up to 10 km Main fault strike | Post- None Small-scale faults, | Russell and
{Lethbridge) R.21-22W4 small-scale tear long, with up to 30 m of is N35°W, other | Cretaceous, cuts unknown extent at | Landes (1940);
faults, with normal | vertical displacement and | faults strike across depth, Haites {1960)
components, definite, but about N40*W Sweelgrass Arch
undetermined horizontal and N60°W folding.
displacement.
F-7 Twp. 17, Small-scale normal | About 7 km long, with About N75°W Post-Cretaceous | Intersects None Stewart (1943)
(Bassano Fauit R.18W4 fault, unknown vertical anomaly F-11. Irish (1971)
Block) disptacement.
F-8 Twp. 33, Severely folded About 16 km E-W and 5 Strike = Bearpaw and None Glacia) In origin; Slater (1927);
(Mud Buttes and R.19-20W4 and faulted beds, km N-8. N100°E "*Pale” beds of "ice-thrust" Williams and
Tit Hilis and/or on a iocal scale. Dip 20° to 50°N | Cretaceous age. bedrock. Byer (1930)
Misty Hills) Structures are

Quaternary,
related to glacial
activity.
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Anomaly # GEOLOGICAL FEATURES
{General Area) Location Source
Nature of Approximate Size Orientation Relative Age or Assoclated Comments
Anomaly Horizons Anomalies
Affected
F-9 Extends SW Transcurrent fault? | About 160 km long About N55°E Basement Salt dissolution {F- { None Dubord (1987);
{Clearwater River) from Twp. 90, structure. May 54 and F-55)7 Garland and
R.4wW4 be younger Intersacts Bower (1959)
movement anomalies F-8, F-
affecting 25 and F-26.
overlying units.
F-10 Twp. 27, Dextral About 8 km long; About N85°E Syn-Laramide None None Fitzgerald
(Ghost River) R.9-10W5 transcurrent (or stratigraphic throw from Crogeny. Cuts (1962)
nonnal) fault, 150 m to 200 m (N side one thrust fault
up). and is
terminated at its
ends by other
thrust faults.
F-11 1 Twp. 17-18, Three normal Up to 6 km long, with Faults strike Post-Cretaceous | Intersects None Irish (1971);
(Bassano Fault R.17-18W4 faults. unknown amounts of about N5SO°E., anomaly Stewart {1943)
Block) veriical displacement. F-7.
F-12 Twp. 18, Five transcurrent Up to 2.5 km long. The Betwgen N40°E | Post-Jurassic. None There Is evidence | McGugan
{Kananaskis R.BWs faults, containing northem most fault has = | and N55°E. They are also that these are not | (1987}
Country) "horses” of fault 80 m sinistrat befieved to be tear faults
transported rock. displacement, while the pre-Laramide between thrust
other 4 faults have 90 m Orogeny. sheats, but
to 300 m dextral instead are
displacement, extensional faults
related fo the
Hudsonian
basement below.
F-13 Twp. 21, Transverse fault. Approximately 7 km in N37°E Post-Cretaceous | None None Hume (1931)
(Turner Valley R.3Ws5 strike langth.
Fault)
F-14 Twp. 21, Transverse fault, Approximately 7 km in N45°E Cretaceous to None None Beach (1942)
(Near Moose R.8WS strike length. Post-Cretaceous
Mountain) Twp. 22,

R.7WS
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Anomaly # GEOLOGICAL FEATURES
{General Area) Location Source
Nature of Approximate Size Orientation Relative Age or Associated Comments
Anomaly Horizons Anomalies
Affected
F-15 Twp. 10-13, Several (8 or Up to about 10 km long, Between N40°E | Post- None These faults have Moftat and
(Canmore Area) R.23-26W5 more} transcurrent | with variable amounts of and NE0°E Cretaceous, syn- been proven to be | Spang (1984);
"tear” faults. both dextral and sinistral Laramide directly related to Verrall (1968)
displacement, Orogeny. folding and
thrusting in the
area.
F-16 Twp. 33-34, Four large normal Up to about 6 km long, Strike between Syn-Laramide None Movement on Birnle (1961);
{Indianhead Creek R.14-15W5 faults, with with variable N15°E and Orogeny, with these faults Varrall {1968)
Area} numerous smaller displacerment ranging N45°E. Dips possibly some appears to both
associated faults. from 0 m to 500 m, NW from 45° 10 90° pre-Laramide pre-date and post-
side down, along each to the NW, movement. date the
fault. becoming movement along
progressively the Third Range
shallower with Thrust Fault.
depth and to
the NW.
F-17 Twp. 39, Transcurrent fauit, Up to about 5 km long, Strikes about Pre- or syn- None None Verrall (1968)
(Bighorn Tear) R.16W5 with significant with vertical N30°E, dips Laramide
vortical movement. | displacement to the S nearly vertical. Orogeny, Cuts
along entire length. ontire Bighomn
thrust shaet, but
is overridden by
McConnell
Thrust.
F-18 Twp. 86-87, Two normal faults. | At least 25 km long, One fault Post- Silver occurs in None Baykal {1968a)
{Worsley) R.11-13Ws each with vertical strikes about Cretaceous, fault zone.
displacements up to NA4Q°E, and cutting Anomaly 83M-M-
30 m. terminates In Batdonnel Fm. 02 in Olson et al.
the other, which | May be {1994)
strikes NBO°E. reactivation of
Both faults dip basement faults.

60°-70°N, with
N-side-down.
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Anomaly # GEOLOGICAL FEATURES
{General Area) Location Source
Nature of Approximate Size Orientation Relative Age or Associated Comments
Anomaly Herizons Anomalies
Affected
F-19 Twp. 120-122, Possible meteorite | About 25 km across, with | Cilrcular. Mid-Cretaceous, | Adjacent to Great Same Winzer (1972)
(Steen River R.20-23W5 ' | impact featura, surrounding area uplifted | Assoclated about 95 + 7 Slave Lake Shear | approximate age and others (eg.,
Structure) - | with associated and disturbed up to 30 faults are radial | Ma. Zone (F-20) and as Fort ata Come | Wilson st al,
normal and km away. in nature. NW-striking kimberlites in 1989)
roverse faults. basement fault (F- | Sask., and Fish
21). Scales unit,
F-20 Strikes SW Transcurrent fault, In Alberta, about 320 km About N4O°E. Precambrian in Fault F-22 is a Extends for Haites (1960);
{Hay River Fault from Twp. 126, | with vertical long, extends NE into Dip near origin. splay off this fault. | >1,000 km to the Wilson at af,
and Great Slave R.13W5 to component. Has > | NW.T. and SWinto B.C. | vertical. Continued NE, past the East (1989)
Lake Shear Zone) Twp., 300 km dextral movement Arm of Great
103,R.12W6 displacement, as through Slave Lake, SW
well as substantial Croetaceous (?) extansion of
S-side-up McDonald Fault
mcvement. System and Great
Slave Lake Shear
Zone.
F-21 Strikes NW Transcurrent fault, 100 km or more long. About N45°W., Pracambrian in Cuts through F-19 | None Wilson ot &f.
from Twp. 118, | possibly with some | Sinistral displacement of Dip likely near origin? {Steen River (1989);
R.19W5 to vertical 2 3 km across Great vertical. Movement Structure).
Twp, 124, component. Slave Lake Shear Zone through
R.3Wé6 (F-20}. Unknown vertical Cretaceous?
displacement.
F-22 Strikes SW Transcurrent fault, In Alberta, about 200 km | About N4O°E. Precambrian in Great Salve Lake Splay off at fault Haites (1960);
from Twp. 116, | possible with some | long. Extends SW into Dip likely near origin? Shear Zone (F- F-20. Wilson et al.
R.1WS6 to Twp. | vertical B.C. vertical. Movement 20). (1989)
99, R.13We¢ component. through
Cretaceous.
F-23 Strikes NNW Transcurtent fauit, In Alberta, about 230 km | About N25°W, Basement Intersects No data. Dubord (1987);
from Twp. 80, inferred from long. Extends SE into Dip likely near structure. May anomalies F-9 and Garand and
R.1W4 to Twp. | aeromagnetic data. | Saskatchewan, vartical. be younger F-24. Bower (1958)
103, R.8W4 movement
affecting

overlying units.
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overlying units,

Anomaly # GEOLOGICAL FEATURES
{General Area) Location Source
Nature of Approximate Size Orlentation Relative Age or Associated Comments
Anomaly Horizons Anomalies
Affected
F-24 Strikes NE Transcurrent Fault, | About 220 km long. About N°40E, Basement intersects No data. Dubord (1987);
from Twp. 68, inferred from Dip likely near structure. May anomalies F-23, Garland and
R.18W4 to aeromagnetic data. vettical. be younger F-25 and F-26. Bower (1959)
Twp. 81, movement
R.2w4 affecting
overlying units.
F-25 Strikes NNW Transcurrent fault, About 210 km long. About N25°W., Basemant Intersects No data. Dubord (1987);
from Twp. 72, inferred from Dip likely near structure. May anomalles F-9, F- Garland and
R.10W4 to asromagnetic data. vertical. be younger 24, and F-27. Bower (1959)
Twp. 94, movement
R.16W4, affecting
ovarlying units.
F-26 Strikes NNW Transcurrent fault, About 160 km long. About N25°W, Basemant Intersects No data. Dubord (1987);
from Twp. 68, inferred from Dip likely near structure. May anomalies F-@ and Garland and
R.14W4 to aeromagnetic data. vadtical, be younger F-24, Bower {1859}
Twp. 84, movemert
R.18W4 affacting
overlying units.
F-27 Strikes NE Transcurrent fault, About 60 km long. About N55°E., Basement Intersects No data. Dubord (1987);
from Twp. 94, inferred from Dip likely near structire. May anomalies F-25 Garland and
R.17W4 to aeromagnetic data. vertical. be younger and F-28. Bower (1959)
Twp. 96, movement
R.12W4 affecting
overlying units,
F-28 Strikes N-S Transcurrent fault, About 80 km long. About NOO°E. Basement Intersects No data. Dubord {1987);
from Twp. 96, inferred from Dip likely near structure. May anomaly Garland and
R.14W4 to aeromagnetic data. vertical. be younger F-27. Bower {1959)
Twp. 104, movement
R.13W4 affscting
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Anomaly # GEOLOGICAL FEATURES
{General Area) Location ' Source
Nature of Approximate Size Orientation Relative Age or Associated Comments
Anomaly Horlzons Anomalies
Affected
INTRUSIONS IN SE AND SW ALBERTA
F-29 Twp. 2-3, Series of syenitic Dykes occur within an Dykas generally | Dykes cut Nong Equivalent to Baykal (1968b);
{LaCoulotte Peak & | R.2-3W5 intrusives, area about 10 km E-W strike Mississippian Anomalles 82G- Goble (1974a)
Ridgs) and 5 km northeasterly. rocks, and are G6 and equivalent
N-8. believed to be others In SW
Late Cretaceous Alberta (see Olson
or Early Tertiary. ot al. 1994),
F-30 5-18-1-11W4 Minette intrusive Small dyke < 100 m Dyke strikes Eocene: ca. 48 Extends SW Anticline and dyke | Willlams and
{Swestgrass Hills, and and anticlinal long. Anticline is > 5 km NNE, dips Ma - postdates towards West are probably both Dyer (1930);
Deadhorse Coulee} { 20,28,29,32,33- | structure. long and about 1.5 km vertically. Swoetgrass Butta intrusion of related fo Russell and
1-11W4 wide. Anticline trends | Arch. Sweetgrass Hills emplacement of Landes (1940)
N to NNE, in Montana. Waest Butte
plunges gently intrusion,
N. Anticline may be
cored by
intrusive?
F-31 5,8,9-1-9wW4 Minette irtrusive Intrusive Is about 30 m NO5°E strike As for F-30, Dyke extends S Dyke and dome As for F-30.
(Sweetgrass Hills and and domal long In exposure, and up | dips vartically. towards East are probably both
at Pinhom area) Twp. 1, ROW4 | structure. o 1.5 m thick. Domal Dome is Butte intrusion of related to
structure s > semicircular, Sweetgrass Hills emplacement of
5 km across. slightly steaper in Montana, East Butte
onWandN intruslon. Dome
sides, may be cored by
intrusive?
F-32 NE-13-2-9W Two minetie Small intrusive mass Semicircular, As for F-30, Ncne Has inclusions of As for F-30.
{Sweetgrass Hills) and ; Intrusives about 2 about 20 m x 15 m, and vartical bodies. sulphurous
16-19-2-8W4 km apart. about 15 m high (16-19- limestona,
2-8W4). Other intrusion indicating that it
is similar. plerced
Mississipplan
carbonates which
are about 1,000 m
below. Therefore
deep in origin.
F-33 NE-30-1-8W4 Minette intrusive. Small dyke. Approximately As for F-30. None None As for F-30.
(Sweetgrass Hills) N-S. Vertical
dip.
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Anomaly # GEOLOGICAL FEATURES
(General Area} Location Source
Nature of Approximate Size Orientation Relative Age or Assoclated Comments
Anomaly Horizons Anomalies
Affected
F-34 13-10-1-8W4 Minette intrusive. About 400 m long x 100 Generally NE- As for F-30. None Has inclusions of As for F-30,
(Sweelgrass Hills, m wide, up t0 30 m high. | SW. Vertical dioritic rock and
Black Butte) Oval in shape. body. limestone,
indicating that it
originated at great
depth.
F-35 SW-5-1-5W4 Minette Intrusive At least 100 m long in Strikes N58°E, As for F-30. Dyke extends SW | Dyke and dome As for F-30,
(Sweetgrass Hills, and and domal axposure, and up to 1.5 dips vertically. towards East Bluff | are probably
Comrey area) Twp. 1, R5W4 | structure m thick. Domal structure | Dome Is intrusion of related to
Is > 4 km across. slongated Swaetgrass Hills. emplacement of
slightly E-W. East Butte
Intrusion. Dome
may be cored by
intrusive?
FOLD STRUCTURES
F-36 Twp. 1, R.12- Asyrmmetrical >4 km long, and about 1 | Trend Is Tartiary Extends SE to Structure is Russell and
(Erickson Coules) 13W4 anticline. km across, N15°*W. Plunge | {Ecocena) Waest Butte steoper on W side | Landes (1940).
to the N. Postdates intrusion of the than on E, which
Sweetgrass Swoetgrass Hills. indicates that it
Arch. postdates
Sweetgrass Arch.
May be cored by
intrusive?
F-37 Twp. 4, R.3- Anticlinal to domal | >7 km E-W, and > 5 km | Axis is oriented | Tertiary? None Anomalous As for F-36.
(Sage Creek) 4w4 structure. N-8. ENE, closure is | Related to or structure relative
steep to N, postdates fo gentte W dip in
moderate to E Sweetgrass region. Possibly
and §, and Arch, cored by
gentle to the W. intrusive?
F-38 Twp. 5-6, Anticlinal structure. | About 15 km long and 8 Trend Is about Tertiary? Post- None Cuts across trend AAas for F-36,
(Foremost area) R.10-11W4 km wida, N20°W. Plunge | Sweelgrass of Sweetgrass
is moderate to Arch? Arch, Possibly

NW.

related to intrusive
activity?
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movement since
Proterozoic time.

Anomaly # GEOLOGICAL FEATURES
(General Area) Location Source
Nature of Approximate Size Orientation Relative Age or Associated Comments
[« Anomaly Horizons Anomalies
Affected
F-39 Twp. 5-6, Anticlinal or domal | Broad structure, about 20 | Trends As for F-38. None As for F-38. As for F-38.
(Skiff area) R.13-14W4 structure. km N-S and 15 km E-W. | generally N-S,
plunges gently
to N, E and W;
possibly also to
S.
F-40 Twp. 10-11, Series of fold > 25 km long and 15 km Trends As for F-38. None As for F-38, As for F-38;
(Bow Island area) R.10-12wW4 noses (complax across. generally NW, also Williams
anticline); at least Plunges to NW, and Dyar
4 soparate noses. (1930)
F-41 Twp, 12, Synclinal structure, | 2 10 km Jong and 3 km Trends Tertiary. Syn- or | Close proximity to | Part of structure As for F-38;
{Medicine Hat) R.5-6W4 possibly with 8CToss. generaity E-W, post- bentonite which forms a also Meyboom
anticlinal noses on plunges Sweelgress occurrence #B3-7. | saddle across the | (1960}
flanks. moderately E. Arch, Sweetgrass-North
Battleford Arch.
Plunge of this
arch(s) reverses
direction hera.
FAULTS CUTTING PRECAMBRIAN ROCKS
F-42 Twp. 88-100, Two basement One fault is 2 25 km Strike about Basement The longer, A pre-Cretaceous Meyboom
(Johnson Lake) R.3-5W4 faults, transcurrent | long, the other is 2 15 N45°E and structures; may western fault has and post- (1960);
in nature. One km long. N10°W, affect overlying coincident EM and | Cretaceous Dufresne et &/,
fault has = 7 km units, weak negative {(glacial) erosional (1894}
dextra magnetic channels are in
displacement. anomalies. the same area as
the faults.
F-43 Strikes SW Normal fault, with 2 60 km fong in Alberta. Strikes almost Basement Nona S.W. extensions King (1969)
(South shore of from Twp. 115, | some possible Has NW-sida-up N40°E. Dips structure. Cuts of Black Bay Fault
Lake Athabasca) R.1W4 to Twp. | strike-slip movement. nearly Helikian in Saskatchewan,
111, R4W4 movement. vertically, Athabasca
Group. Some
possible
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diatremes.

Ancomaly # GEOLOGICAL FEATURES
(General Area} Location Source
Nature of Approximate Size Orlentation Relative Age or Associated Comments
Anomaly Horizons Anomalies
Affected
F-44 Twp. 103-108 Normal or strike- Faults 2 5 km Jong. Two | Two sets: Basement None None Walker (1981);
{Richardson River) R.6-12W4 slip faults. faults are = 50 km long. - N45°E to structures. McWilliams et
NBO°E Some later al. (1979)
- N10°E to movement?
N30°W
ULTRABASIC DIATREMES AND iNTRUSIONS
F-45 117°23, 35"W Lamproite 1,185 m dyke and Strikes Nrly. < 60 Ma, post None Abundant Fipke (1990)
("Larry Diatremes" and 52°04’, 23" | Dykes & diatremes | diatreme system trending Laramide chromites {100 -
near Golden, B.C.) N; approx. 76 N-S. Orogeny. 200 grains}, some
km NW of low Cr- garnets
Golden, B.C, and low-Cr
and 3 km SSW clinopyroxenes
of Columbia from bulk sample.
Icefieid
F-46 117° 07'20" W Tutfisitic breccia About 700 m long In NW- | NE-SW Between 98 and None 76 Chromites, 47 Fipke (1990)
{"Jack Diatremes" and 51° 54'16" diatreme with SE direction 60 Ma (late high-Cr garnets,
near Golden, B.C.) N. lamprophyre- Laramide 63 low-Cr garnets,
Approximately lamgroite clasts. Qrogeny). 82 picrollmenites,
60 km NW of 7 high-Cr
Golden B.C. clinopyroxenes
and 4.5 km and 31 low-Cr
west of BC/AB clinopyroxenes
border. from bulk sample.
F-47 Immediately Diatreme facles 100 to 400 m long WNW-ESE Diatremes are None 5§ discreet bodles Fipke (1990)
("Mike diatromnes" West of BC/AB | tuffisitic breccia of post-thrusting on of diatreme
near Goldon, B.C.) border at possible lamproite Mons Fault; also breccia. Got »>100
117°00"33"W atfinity. are post folding chromites and 1
and 51° of sedimentary high-Cr
49'27"N. rocks. clinopyroxene
46.5 km NW of Therefore, from bulk sample.
Golden, B.C.; probably post
8.5 km NW of Laramide and
Mark <60Ma).
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Anomaly # GEOLOGICAL FEATURES
(General Area) Location Source
Nature of Approximate Slze Orientation Relative Age or Associated Comments
Anomaly Horizons Anomalies
Affected
F-48 Astride BC/AB Diatrems facies 250 x 550 m+ (Mark I); is | N E-W At least post- None Diatreme cluster Fipke (1990)
(*Mark diatremes" border; 41 km tuffisitic breccla one of the largest known Columblan definitely extends
near Golden, B.C)) NW of Goldan, diatremes in the Orogeny (<88 across divide into
B.C. Canadian Rockles. Ma), Alberta, but is
116° 57'50'W Other diatremes (Mark 2 Emplacement mostly covered by
and 51° to 5) are about 65 x 220 probably the Niverville
46'48"N m. occurred at end Glacter. Bulk
of or just after sample:
Laramide chromites, high-Cr
Crogeny (<60 and low-Cr
Ma). gamets and 1 low-
-Cr clinopyroxena.
F-49 51° 41'30*N Ultrabasic, alkaline | About 100 m x 100 m Fairly circular to | Rb-Sr ages for None Bulk sample: 85 Fipke (1990)
("HP diatreme" and 116° lamprophyre with kidney shaped mica from chromites, and
near Golden, B.C.) | 575'00"W alnoitic affinites. diatreme breccia high-Cr and low-
Is 348 Ma. (Pall Cr clinopyroxenes.
1987). May be
younger based
on structural
evidence and
fact that mica
could be
xenocrystic in
origin
F-50 55 km east of Breccia: About 500 m x 130 m Circular Unknown None Bulk sample; 82 Fipke (1990)
("Joff diatremes" Invermere, hypabyssal facies; chromites, plus
near Joffrey Cr., B.C.; south of phlogopite-bearing {ow-Cr- gamet,
8.C.) Palliser Range kimberlite, iiments, and high-
on ridges west Cr and low-Cr

of Joffrey
Creek; no
exact location
given.

clinopyroxene,
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linsament analysis

rose by 61 min
late Paleozoic and
early Mesozoic
times.

Anomaly # GEOLOGICAL FEATURES
{General Area) Location Source
Nature of Approximate Size Orientation Relative Age or Associated Comments
Anomaly Horizons Anomalles
Affected
F-51 UTM Tuffisitic box: About S0 m x 50 m Unknown None Plpe exposed on Pell (1987a, b}
("Russ diatremes"} | coordinates are | alkaline surface and face
553700N, lamprophyre or of cliff (good
B825950E; near possible olivine cross-section).
Fairmont Hot melilite.
Springs
F-52 N side of Kimberlite Fomx15m E-W 240 - 250 Ma None Bulk sample: Fipke (1990)
{"Cross diatreme*) Crossing diatreme (flattened) from Rb-Sr age abundant
Creek, 88 km {Group | on phlogopite. chromie, high-Cr
NW of Elkford, kimberlite) and garets,
B.C. limenite, and high-
114° 59°30"W Cr clinopyroxenes.
and 50°
05'25'N
F-53 On old lgneous intrusive About 3 m long Unknown Intrudes Old Fort | None Green, fine- Charlesworth et
Geike siding west Yellowhead rock; only known Point Fm, hence grained igneous al. (1967)
of Jasper Rd, 5/8 mile occutrence in emplaced ptior rock, probably
NW of Gelke Jasper region to Laramide altared diabase.
Siding Orogeny. Intrusion Is highly
altered, veined
and fractured.
MISCELLANEOUS STRUCTURES
F-54 and F-55 3-30-33-19W4 Salt removal Unknown Unknown Late Cretaceous; | Possibly F-8 Devonian Cliver and
and causing drop in salt dissolved in Wabamun Group Couper (1983}
10-24-33-20W4 | known geologic Devonian was likely thinned
contacts Wabamun Group during Late
Cretaceous then
compensated by
thickening of
Upper Cretaceous
shales.
F-56 Twp. 32-37, Caroline Arch - About €0 km x 20 km Approx. E-W None The Caroline Arch | Haman {1975)
R1-7W5EM discovered through
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Anomaly # GEOLOGICAL FEATURES
(General Area) Location Source
Nature of Approximate Size Orientation Relative Age or Associated Comments
Anomaly Horizons Anomalies
Affected
F-57 Twp. 1-2, Asymmetrical About 10 km long by 10 Fold axes trend | Post-Cretaceous | None None Russell and
{Del Bonita R.21-22W4M syncline-anticline km wide. and plunge Landes (1940)
Structure) pair. NW,
F-58 Twp. 1, Broad NW - About 10 km long. About N4Oew, Post-Cretaceous | None None Meyboom
(Kevin Sunburst R.17W4M plunging anticline. plunge is 1o (1960}
Dome) NW,
F-59 Twp. 26-27, Anomalous About 8 km long by 2 km Approxirnately Upper None Possibly a product | Hopkins (1987)
(Berry Field) R.13W4M sedimentary wide. NE-SW. Cretaceous or of local salt
structure, area of Tertiary, dissolution from
local subsidence. Devonian
horizons.
F-60 Twp. 18-22, Faulting and Roughly clrcular area Roughly Affects Lower None Possibly related to | Tilley and
(Suffield) R.6-10W4aM juxtaposition of about 40 km across. circutar, Cretaceous salt dissolution, or [ Longstaffe
sandstone beds, Mannville Group, more likely to {1984)
uplift associated
with the
Sweelgrass-North
Battlieford Arch,
F-61 10-16-75- Paleo-low, Unknown, Unknown, Cretaceous None Abnormally D. McPhee
6W4M unrelated to salt thickenad (Pers. Comm.,
solution, Crataceous 1994)
section, with no
evidence of salt
removai,
F-62 7-34-73-4W4M | Palec-low, Unknown, Unknown, Cretaceous None Abnormally D. McPhee
unrelated to salt thickened (Pers. Comm.,
solution, Cretaceous 1994)
section, with no
evidence of salt
removal,
F-63 Sec. 17-18, Bedrock low, Unknown, Unknown. Crataceous or None No data. R. Stein {Pers.
Twp. 68, possibly related to younger? Comm., 1994)
R.2W4M salt solution

collapse.




68.

collapse.

|

Anomaly # GEOLOGICAL FEATURES
(General Area) Location Source
Nature of Approximate Size Orientation Relative Age or Associated Comments
Anomaly Horizons Anomalies
Affected
F-64 Sac. 4-5, Twp. Bedrock low, Unknown, Unknown, Cretaceous or None No data. R. Stein (Pers.
70, R.2W4M possibly related to younger? Comm,, 1994)
salt solution
collapse.
F-65 Sec. 3, Twp. Bedrock low, Unknown. Unknown., Crataceous or None No Data. R. Stein (Pers.
70, possibly related to younger? Comm., 1994)
R.3W4M salt solution
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In places, folds or faults or both have formed as a result of differential compaction, by
dissolution of underlying salts in the Paleozoic evaporitic successions or by other
mechanisms relfated to post-Laramide epeirogenesis. "Large and small-scale Devonian
salt dissolution features are a common phenomenon which occurred throughout the late
Paleozoic to Tertiary. The effects of salt removal were to create topography prior to or
contemporaneous with sedimentation, thus affecting depositional patterns. Salt solution
may have postdated sedimentation causing the collapse of overlying sediments and
creating structural-stratigraphic traps" (Leckie 1989).

2.8.10 Igneous Activity

Plutonic and volcanic rocks are common in the exposed Precambrian of northeastern
Alberta (Godfrey 1986, Goff et al. 1986). Large areas are underlain by pluton-size
granitic and granitoid rocks. Langenberg et al. (1993), however, stated that *field contact
relationships and bulk compositions suggest that the migmatitic granitic gneisses and
high-grade metasediments were parent materials for several of the granitoid rocks during
the process of partial melting (Goff et al. 1986). Consequently, the granitoids may
represent Archean basement remobilized during the Aphebian.”

Mafic to, locally, more felsic intrusive and extrusive rocks are relatively common
throughout the Paleozoic succession in the northem Cordiillera in the Yukon and NW.T,
but are scarce in the miogeociinal Paleozoic strata of the southeastern Cordillera in
Alberta and British Columbia (Souther 1992). In Alberta, igneous intrusive or volcanic
rocks are not common, but they do exist at several locales, including, for example:
(a) those in the Proterozoic rocks of the Clark Range in southwest Alberta (Hunt 1962;
Price 1962; Goble 1974a, b; Hoy 1989); (b) the metadiabase Crowfoot Dyke near Lake
Louise (Smith 1963); (c) a metadiabase dyke that is reported to cut Cambrian rocks near
Jasper (Charlesworth et al. 1967); (d) the late Early Cretaceous Crowsnest Formation
volcanics near Coleman in southwest Alberta (Pearce 1970; Dingwell and Brearly 1985;
Adair 1986; Peterson and Currie 1993); and (e) the early Tertiary Sweetgrass intrusions
in southem Alberta and northem Montana (Williams and Dyer 1930, Russell and Landes
1940, Irish 1971, Kjarsgaard 1994a, b; Kjarsgaard and Davis 1994). The various
intrusions range in age from Middle Proterozoic to Tertiary (Folinsbee et al. 1957: Hunt
1962; Price 1962; Pell 1987a.

Igneous activity in the Clark Range of southwest Alberta is of at least three types and
ages. The oldest is represented by Moyie-type diorite or diabase sills and dykes that
have been dated as old as 1,580 Ma and as young as 1,400 Ma (Hunt 1962, Hoy 1989).
The second type is the Purcell Lavas, which are andesitic in composition and form an
excellent marker horizon throughout the Belt-Purcell Supergroup. Hunt (1962) suggested
that the Purcell Lavas were extruded at about 1,100 Ma. The third type of igneous
activity in the Clark Range is trachytic to syenitic alkalic intrusions that straddle the
Alberta-British Columbia border near the headwaters of the Castle River (Price 1962;
Goble 1974a, b). Price (1962) stated that these intrusions are likely of Cretaceous or
Tertiary age.
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The Crowsnest Formation comprises an assemblage of alkaline trachytic to phonditic
volcanic rocks that is restricted to the eastem part of the Fernie Basin in southwestern
Alberta (Dingwell and Brearly 1985, Adair 1986, Peterson and Curie 1993). The
Crowsnest volcanics range up to 425 m thick locally, and are interbedded with and grade
laterally into sandstone and shale of the upper Blairmore Group. The volcanic rocks are
mainly pyroclastic and epiclastic deposits, with rare flows and associated intrusive rocks.
Folinsbee et al. (1957) obtained a K-Ar date of 96 Ma for the Crowsnest Formation, which
is late Early Cretaceous (Albian).

In southeastern British Columbia, the Howell Creek alkalic intrusions cut Lower
Cretaceous strata and have yielded K-Ar ages that range from 112 to 72 Ma (Gordy and
Edwards 1962). Souther (1992) stated that the Howell Creek intrusions include syenite
and trachyte that are chemically similar to, and may be co-magmatic with, the Crowsnest
Volcanics. Several alkalic ultramafic diatremes and dykes have also been discovered
north of the Southem Alberta Rift near the Alberta-British Columbia border between
Golden and Elkford (Pell 1986, 19872, b). Pell (1987b) reported ages of between 348
Ma and 396 Ma for the HP pipe, which is part of the Mark diatreme cluster that straddles
the Alberta-British Columbia border (diatreme locality F-48 on Figure 2.5). The alkali
ultrabasic diatreme breccias and dykes which exist in the Western and Main Ranges of
the Rocky Mountains in southeastern British Columbia and, locally, in Alberta, intrude
Upper Cambrian to Permian miogeoclinal rocks and were emplaced prior to Jurassic-
Cretaceous deformation. "At least one of these diatremes is a true kimberlite' (Souther
1992).

Other than the minettes of the Eocene Sweetgrass Intrusions, the other Phanerozoic
volcanic rocks in the Alberta Interior Plains comprise tuffs or tuffaceous beds, or their
bentonitized equivalents, which exist in the Lower Exshaw Formation (Folinsbee and
Baadsgard 1958; Packard et al. 1991; Meijer Drees and Johnston 1993; Richards et al.
1993) and in Cretaceous to Tertiary strata (Ower 1960; Ritchie 1960; Lerbekmo 1963;
Binda 1969; Amajor and Lerbekmo 1980; Amajor 1977, 1980, 1985). The best known
of these is the Kneehills Tuff marker horizon in Late Cretaceous Edmonton Group
(Ower 1960, Ritchie 1960; Binda 1969). Most of the tuff horizons are thin, typically being
a few centimetres to a tens of centimetres thick, but locally they are reported to reach
thicknesses of up to 10 m or more (Scafe 1975). Although most of the tuffs probably
represent wind-blown volcanic debris from distal sources, it is possible that some of the
tuffs may be derived locally from volcanic or diatreme activity which occurred within the
Westem Canada Sedimentary Basin.

28.11 Metamorphism and Metasomatism

In the Precambrian rocks of northeastern Alberta, Langenberg and Nielsen (1982) stated
that there are "two distinct cycles of metamorphism. During the Archean metamorphic
cycle, metasediments were metamorphosed under high pressure granulite conditions
(M1). In a second cycle, probably related to remobilization during the Aphebian, the



61.

metasediments were subjected to conditions of granulite-amphibolite transitional facies
retrogressing to greenschist facies metamorphism."

Elsewhere in the exposed rocks in Alberta, however, metamorphic conditions are low-
grade. "Except for metamorphic culminations in ... a local area east of the Southern
Rocky Mountain Trench most of the regional metamorphism in the Foreland Belt is of low-
grade burial type. Precambrian rocks are commonly in greenschist facies, Paleozoic and
some Mesozoic strata are mainly in prehnite-pumpellyite facies, and most Mesozoic strata
are in zeolite facies. ... In the westem part of the Foreland Belt, regional metamorphism
appears to be stratigraphically controlled and related to depth of burial; pelitic rocks
typically have a slaty cleavage. Precambrian rocks generally reach chlorite or biotite
zones. ... Locally, Cretaceous and lower Tertiary sediments in the Alberta Syncline
contain zeolites. Heulandite-clinoptilolite cements some sandstones of the Paskapoo and
Bearpaw formations and Wapiti Group to as far north as 55°N. ... Most Cretaceous and
lower Tertiary sediments of the Alberta Syncline have carbonate, illite, montmorillonite,
chlorite, and interstratified clay minerals (typical of but not diagnostic of the zeolite facies),
and coal ranks ranging from sub-bituminous C to high volatile bituminous B (well within
the range of zeolite facies rocks)" (Greenwood et al. 1992).

The western Canada sedimentary basin is unusual in that it contains a large number of
extensively dolomitized carbonates. Dolomitization is widespread in the Paleozoic
carbonate rocks of Alberta, and particularly within the Cambrian to Devonian carbonate
formations, with most of this dolomitization probably being of post-diagenetic origin
(Douglas et al. 1970). Some examples of dolomite occurrence in the Alberta basin are:
(a) the dolomite belt that is present at the western margin of the Cooking Lake platform
in east-central Alberta (Andrichuk 1958); (b} the Leduc buildups of the Rimbey-
Meadowbrook trend in central Alberta (Machel and Mountjoy 1987) and the Leduc
platform in the Peace River Arch region (Dix 1993); (c) the Nisku buildups of central
Alberta (Machel and Anderson 1989); and (d) the linear dolomite trend that is present
within the Wabamun Formation in the Peace River Arch region (Stokes 1987; Workum
1991).

Dolomitization patterns may be a product of fluid movement along fault systems.
However, they also may reflect fluid-driving mechanisms such as basin compaction flow
and meteoric input, and be a function of the chemical variability of underiying strata which
supply the source of magnesium. Therefore, dolomitization pattemns, particularly over
wide areas, may indicate relatively uniform basin-wide controls on dolomite emplacement
and bear little relation to local tectonic influences.

Dawson (1886) reported extensive marblization and dolomitization in southwest Alberta,
and Hitchon (1993) concluded that "the extensive dolomitization found in the Devonian
of the Alberta Basin may be relatively rare in a platform-type setting such as is found in
western Canada. It might be more than coincidence that many of the strongly dolomitized
trends seem related to underlying basement structures." Recent work by Nesbitt and
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Muehlenbachs (1993a, b) has documented extensive pre-thrusting, likely Late Devonian,
fluid flow leading to the formation of massive epigenetic to replacement dolomites with
local deposition of base metals, magnesite and talc in southeastern British Columbia and
the Rocky Mountains and Foothills of Alberta. This fiuid event (Event 1) is characterized
by a west to east flow of saline (20 to 25% equivalent weight % NaCl) fluids with a
minimum temperature of 150°C to 200°C and high concentrations of Mg and Ca.

3. OCCURRENCES OF KIMBERLITES, LAMPROITES AND OTHER RELATED
ALKALINE IGNEOUS AND VOLCANIC ROCKS

3.1 Introduction

The geographic and temporal distribution of kimberlites and lamproites worldwide has
been extensively reviewed by Dawson (1980 1989), Janse (1984), Bergman (1987),
Helmstaedt (1993), and Mitchell and Bergman (1991). Kimberlites and lamproites occur
on all major continents and span an age range from Lower Proterozoic to Recent (Table
3.1). Although kimberlites and lamproites are not restricted to Precambrian cratons,
diamondiferous varieties of these rock types predominantly are. Kimberlites with
economic concentrations of diamonds, regardless of their age, occur almost exclusively
on Archean cratons. This was first pointed out by Clifford (1966; 1970) and has since
been referred to as Clifford’s Rule (Janse 1991). The Argyle lamproite of Western
Australia contains the only known economic deposit of diamonds in a primary rock type
other than kimberlite in the world. The Argyle lamproite is hosted in a Lower Proterozoic
mobile belt that is accreted to the Archean Kimberly Block and, as such, represents the
only primary economic deposit of diamonds that exists on a Proterozoic craton. The
diamondiferous lamproites of Westem Australia are reviewed in detail by Jaques &t al.
(1984b, 1986).

To date, no definite occurrences of kimberlites or lamproites have been reported in
Alberta. The potential existence and age of such rock types in Alberta are discussed in
the following section by reviewing known occurrences of these rock types in the vicinity
of Alberta and by examining the evidence for volcanic activity within Alberta.

3.2 Kimberlites And Lamproites In Western And Northern Canada, And The
Adjacent United States Of America

Although kimberlite and lamproite magmatism has occurred throughout almost every time
period around the world (Table 3.1), certain periods have been more favourable for the
emplacement of diamondiferous varieties of these rocks. These periods are: (a) Late
Middle Helikian, represented by the Premier kimberlite of South Africa and the Argyle
lamproite of Westem Australia; (b) Late Devonian to Mississippian, represented by many
of the Yakutian pipes on the Siberian Platform, such as Mir and Internationalnaya; (c)
Middle Jurassic to Late Cretaceous, represented by most of the famous South African
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diamond producers, such as Klipfontein, Swartruggens, Finsch, New Elands, Roberts
Victor, Bellsbank, Frank Smith, DeBeers, Wesselton, Koffiefontein, Orapa and
Jagersfontein; and (d) Late Cretaceous to Early Tertiary, represented by Mwadui in
Tanzania and the Dia Met/BHP Utah pipes in the Lac de Gras region, N.\W.T. {Tables 3.1
and 3.2). Dawson (1989) suggested that the Middle Jurassic to Middle Cretaceous
activity was the most prolific period of kimberlite magmatism in the world.

Most of the important worldwide ages for kimberlite or lamproite magmatic events are
represented on the continent of North America, and, in some instances, diatremes occur
very near to Alberta (Figure 3.1 and Table 3.1). For example, diamondiferous kimberlites,
lamproites or related ultramafic lamprophyres of a variety of ages exist in close proximity
to Alberta, in the Northwest Territories, British Columbia, Saskatchewan and Montana
(Olson et al. 1994).

The Aphebian Christopher Istand Formation of the Dubawnt Lake area, N.W.T. represents
one of the largest lamproitic magmatic provinces in the world (Peterson 1993). Recently,
a microdiamond was discovered in a lamproite diatreme from the Dubawnt Lake area
(George Cross Newsletter 1993) and in a lamproite dyke near Baker
(Armitage ef al. 1994). Other mafic to ultramafic Proterozoic magmatic rocks exist in the
vicinity of Alberta, such as southeast of Great Slave Lake near Rutledge Lake, N.W.T.
(Barlet and Trigg 1986), and the Moyie sills and Purcell lavas in southeastern British
Columbia. These latter rocks, however, are not potassic and exhibit few compositional
similarities to kimberlites, lamproites or other potassic-rich mafic to ultramafic rocks such
as ultramafic lamprophyres.

Paleozoic diatreme breccias, dykes, sills and stocks that predate Columbian
compressional deformation in the Canadian Cordillera exist in the Rocky Mountains of
British Columbia between Williston Lake and Cranbrook (Figure 2.5). They form a
complex suite of rocks comprised of carbonatites, nepheline and sodalite syenites, some
ijolite series rocks, numerous ultramafic and lamprophyric diatreme breccias and
associated dykes, and one kimberlite diatreme (Pell 1987a, b). Dating of these intrusions
by many workers has been summarized by Pell (1987a, b), who stated that there are at
least three discreet periods of Paleozoic alkaline mafic to ultramafic magmatic activity in
British Columbia. These are: Ordovician-Silurian, Late Devonian-Mississippian and
Permian-Triassic. The Mark and Jack diatreme clusters, which exist north of Golden,
British Columbia, are believed to be part of the Devonian-Mississippian group of intrusions
based on age dates from the HP pipe (Table 3.1), which exists near the Mark diatreme
cluster (Pell 1987b). The Mark diatreme cluster straddles the Alberta-British Columbia
border and contains some of the largest diatremes in the Canadian Cordillera, such as
the Mark 1 diatreme, which has a surface areal extent of about 250 m by 1,200 m (Fipke
1990). The Mark 1 diatreme extends well across the border into Alberta (Fipke 1990).
Bulk samples of the Jack and Mark diatremes, and of nearby stream sediments contain
lamproitic indicator minerals, including a few microdiamonds (Northcote 1983a, b:
Dummett et al. 1985; Fipke 1990). Pell (1987a, b), and ljewliw and Schulze (1988)
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suggested that the diatremes are alkalic, ultramafic lamprophyres and not kimberlites or
lamproites. Fipke (1990), however, suggested that the main Jack pipe is a lamproite and
that the Mark 1 diatreme is lamproitic based on mineralogy and whole rock chemistry.
The Cross kimberlite, which crops out near the Alberta border about 8 km northwest of
Elkford, British Columbia (diatreme F-52 on Figure 2.5), is the only recognized occurrence
of kimberlite in the Canadian Rocky Mountains (Grieve 1982; Hall et al. 1989). The Cross
kimberlite is of Permian-Triassic age and has been reported not to contain diamonds
(Grieve 1982; Pell 19873, b; Hall et al. 1989). The Colorado-Wyoming State Line District
kimberlite field contains the only other known Paleozoic kimberlites in western North
America. The Kelsey Lake kimberlite and the Sloan kimberite, both of which are
diamondiferous, are well studied examples from this field (Shaver 1988; Otter and Gamey
1989; Coopersmith 1991, 1993a, b). Interestingly, in Eurasia in the former U.S.S.R., most
of the economic and prolific diamond producing kimberiites of the East Siberian platform,
such as Mir, Internationalnaya and Udachnaya, are Late Devonian to Early Mississippian
in age (Davis et al. 1982; Milanovskiy and Mal'kov 1982; Jerde et al. 1993).

TABLE 3.2:  Main ages of diamondiferous intrusive events, world wide

PERIOD AGE RANGE EXAMPLES
(Ma)

Early Tertiary 35-60 Mwadui, Tanzania; some pipes in the Lac de
Gras region, N.W.T.

Late Cretaceous to 80 - 170 Finsch, De Beers and numerous other famous

Middie Jurassic southem Africa diamond producers

Mississippian to Late 340 - 370 Mir and other diamond producing pipes in Yakutia

Devonian on the Siberian Platform

Late Middle Helikian 1,100 - 1,200 Premier, South Africa; Argyle lamproite, Western
Australia

U

Paleozoic diatremes of unknown composition are believed to have been intersected in
three oil wells in Saskatchewan (Gent 1992). For example, Upper Devonian carbonate
breccias that contain one or more of olivine, eclogitic pyrope garnet, chromite, phogopite,
zircon and shocked quartz were intersected by Imperial Eibow No. 1, Birsay Crown No.
1 and Imperial Bames wells (Gent 1992). The Imperial Elbow No. 1 and Birsay Crown
No. 1 diatremes exist in south-central Saskatchewan near the town of Elbow. The
Imperial Barnes diatreme exists northwest of Meadow Lake, in northwest Saskatchewan
about 100 km east of the Alberta border. The diatremes exist in structures that have all
the appearances of being related to sait solution, but in fact may be the resuit of post
emplacement collapse of the diatremes. Unusual and perhaps "out of place" salt solution
structures in Alberta should be evaluated for potential diamondiferous kimberlite
diatremes.
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Middle Jurassic to Middle Cretaceous was perhaps the most extensive and voluminous
period of diamondiferous kimberlite magmatism in the world (Dawson 1989).
Diamondiferous kimberlites of Middle and Late Jurassic age have been recognized at
Lake Ellen, Michigan, (Jarvis and Kalliokoski 1992; Duskin and Jarvis 1993) and at
Kirkland Lake, Ontario (Brummer 1978, 1984; Fipke 1990). Few, if any, kimberlites,
lamproites or ultramafic lamprophyres of Early Cretaceous age have been documented
in North America to date. However, more significant to the Alberta setting is the
discovery of Middle Cretaceous aged diamondiferous kimberlites on Somerset Island,
N.W.T. (Fipke 1990; Kjarsgaard 1993; Pell and Aitkinson 1993) and at Fort 4 la Come,
Saskatchewan (Lehnert-Thiel ot al. 1992). In addition, Middle Cretaceous diamondiferous
lamproites have been discovered at Prairie Creek, Arkansas (Gogineni et al. 1978; Scott
Smith and Skinner 1984; Fipke 1990) and Twin Knobs, Arkansas (Waldman et al. 1987).
At Fort a la Come, three clusters that contain up to seventy kimbertlitic bodies have been
identified by airbome or ground geophysics (Lehnert-Thiel et al. 1992). Eighteen
kimberlites that range in age from 94 to 96 Ma have been positively identified by drilling.
A total of 160 diamonds were recovered from 186 tonnes of material processed from an
unknown number of the drilled kimberlites (Lehnert-Thiel et al. 1992). One of the more
significant aspects of the Fort & la Come kimberlites is the fact that they are mostly flat
to mushroom shaped in cross-section, with a large bedded voicaniclastic to pyroclastic
component. Lehnert-Thiel et al. (1992) reported that no feeder diatremes have been
identified to date. This indicates that the diatreme and root zone facies of the pipes are
likely to be insignificant in terms of volume, even if found in future work. The likely
reason for this is the emplacement of the kimberlites into a continental marine
environment. Therefore, itis reasonable to assume that any Middle Cretaceous kimberlite
magmatic activity in Alberta is likely to have formed rootless, flat to mushroom shaped
kimberlites similar to those near Fort a la Come, Saskatchewan.

Early to Middle Tertiary kimberlites and lamproites have been discovered in the western
United States of America in New Mexico, Utah, Montana and in the Lac de Gras region,
N.W.T (Figure 3.1, Table 3.1). Although the Mwadui kimberlite in Tanzania is the only
known early Tertiary producer of diamonds, there are indications that several of the
Tertiary kimberlite pipes in the Lac de Gras region have near economic concentrations
of gem quality diamonds and at least four of the pipes are currently being bulk sampled
in order to test their grades and the quality of the contained diamonds prior to full scale
feasibility studies. Eocene, subaerially extruded kimberlites and lamproites exist in central
to northwestern Montana. Hence, in Alberta any Eocene kimberlites or lamproites are
likely to have been subaerially extruded and therefore shouid have formed pipes with
shape more typical of kimberlite or lamproite magmatism.

3.3 Igneous And Volcanic Rocks In Alberta Potentially Related to Diamondiferous
Alkaline Volcanism

There is evidence of at least four, and possibly five, ages of volcanic activity in Alberta,
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some of which may be related to possible diamondiferous kimberlites or lamproites (Olson
et al. 1994). The ages of volcanic activity are: Helikian, Late Devonian to Early
Mississippian, Middle Cretaceous, Late Cretaceous and Early Tertiary. Alkaline mafic
volcanic activity has been evident in Alberta during at least three of these episodes (Table
3.1).

The oldest generation of volcanic activity is represented by the Helikian Moyie Siils and
Purcell Lavas which are restricted to the Clark Range in southwest Alberta (Hunt 1962;
Hoy 1989). The composition of the Helikian dioritic Moyie Sills and the andesitic Purcell
Lavas differs significantly from the potassic, mafic to ultramafic compositional fields of
kimberlites and lamproites, which are the most common primary host rocks for economic
concentrations of diamonds.

The second oldest generation of volcanic activity, consists of Upper Devonian to Lower
Mississippian alkaline, mafic to ultramafic diatreme breccias, dykes and sills that are
spatially and temporally related to the cluster of diatremes in southeast British Columbia
(F-45 to F-49 in Figure 2.5). Specifically, the Mark diatreme cluster straddles the Alberta-
British Columbia border and a few dykes within the Mark cluster exist on the Alberta side
of the border (Fipke 1990; Pell 1987a, b). Other evidence of Late Devonian to Early
Mississippian volcanic activity includes a massive marine extinction and an iridium
anomaly (Wang et al. 1993) associated with volcanic tuffs that have been identified in the
Lower Exshaw Formation at the type section at Jura Creek near Exshaw (Richards et al.
1993). Other volcanic tuffs also have been identified in the Exshaw shale near Nordegg
(Folinsbee and Baadsgard 1958), and in oil wells in the Peace River area (Packard et al.
1991; Meijer-Drees and Johnston 1993).

The third generation of volcanic activity in Alberta is represented by the Middle
Cretaceous Viking Formation bentonites and the Crowsnest Formation volcanics. At least
three regionally correlatable bentonites that are used as marker horizons across a large
portion of Alberta have been identified within the Viking Formation (Amajor and Lerbekmo
1980; Amajor 1985). These bentonites exist just below the Fish Scales marker horizon
and have an average radiometric age of 100 Ma (Tizzard and Lerbekmo 1975).
Bentonites with a much more local distribution have also been identified in the Viking
Formation (Tizzard and Lerbekmo 1975; Amajor and Lerbekmo 1980). As well, Carrigy
(1968) reported the presence of numerous thin tuff layers interbedded with undisturbed
Lower Cretaceous shales in the oil well 1.O.E. Steen 16-19.

The Crowsnest Formation volcanics are restricted to southwest Alberta in the vicinity of
Coleman. The volcanics are sodic-rich trachytes to phonolites and do not appear to have
a chemistry that is favourable for diamonds (Peterson and Currie 1993). However, the
reported age for the Crowsnest volcanics is 96 Ma (Folinsbee et al, 1957), which
corresponds closely to the reported age of 94 to 96 Ma for several diamondiferous
kimberlites in the Fort a la Corne area of Saskatchewan (Gent 1992; Lehnert-Thiel et al.
1992). These dates for the Crowsnest volcanics indicate that alkaline volcanism was
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occurring in the Alberta Rocky Mountains and Foothills at the same time as diamonds
were being transported from the upper mantle to the surface during the Middle
Cretaceous in Saskatchewan, Quebec, Arkansas and across much of southern Africa.
As a result, Middle Cretaceous continental marine sedimentary rocks, such as those in
the Viking Formation, may be a potential host to diamondiferous bedded kimberlite or
lamproite volcaniclastics or crater facies sediments.

Bentonites in the Belly River Formation and in the Kneehills Tuff Zone within the
Edmonton Formation, both of which are late Late Cretaceous in age, represent the fourth
distinct generation of volcanic activity in Alberta. The Kneehills Tuff Zone is widespread
and can be identified across much of the southem half of Alberta (Ower 1960). Evidence
for alkaline diatreme activity during this time period also exists at Somerset Island, N.W.T.
and in Kentucky and Kansas, but none of these locales contain potentially important
diamond deposits (Table 3.1).

The youngest generation of magmatic activity in Alberta is represented by the Tertiary
Sweetgrass Intrusions in southeast Alberta (Williams and Dyer 1930; Irish 1968). Price
(1962) suggested that the trachytic to syenitic stocks and dykes, which straddle the
Alberta-British Columbia border in the Clark Range in southwest Alberta, are also early
Tertiary in age. However, the chemistry of these intrusions indicates they may have a
closer affiliation with the magmatic event responsible for the Crowsnest Formation
volcanics. The Sweetgrass Intrusions are alkalic minette intrusions that have been dated
at 48 Ma to 54 Ma or Eocene (Folinsbee et al. 1965; Taylor et al. 1964; Kjarsgaard and
Davis 1994). Kjarsgaard (1994a, b), from fieldwork and laboratory studies, suggested that
the intrusions are mostly minettes with low diamond potential based on their overall
geochemistry and the contained indicator minerals. However, kimberlites of a similar age
do exist in the Missouri Breaks area of central Montana (Hearn 1989) and in the Lac de
Gras region, NNW.T. (Table 3.1). Initial indications are that some of the Lac de Gras
kimberlites contain near economic concentrations of gem quality diamonds.

4. TUFFES, BENTONITES AND VOLCANICS IN THE PHANEROZOIC SUCCESSION

4.1 Introduction

Current theory on the formation of diamond bearing diatremes recognizes the
development of several facies within the uppermost part of the pipe. Specifically, a
vertical to steeply dipping pipe-shaped core of diatreme breccia facies intrudes
increasingly younger stratigraphy upwards from the diatreme root zone. The pipe, upon
reaching the earth's surface, establishes a ring-shaped pyroclastic crater facies about the
epiclastic core (Mitchell, 1991). Included within these pyroclastics, as well as distal from
the vent, are successive overlapping tuff layers and interbeds (Gamett 1994, who cites
the Orapa deposit in Botswana as an example). From an exploration point of view, these
tuff deposits provide a relatively large target if they are preserved from erosional
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processes. [f, for example, the eruptive event occurs in a subaqueous environment in a
depositional basin, then the pipe, including its uppermost vent facies, may be preserved.
Deep burial and subsequent diagenesis will alter some of the vent facies rocks, including
the tuffs.

‘Bentonite’ is defined as a clay formed from the devitrification and alteration of volcanic
ash or tuff and is largely composed of clay minerals of the montmorillonite group plus
colloidal silica (Bates and Jackson 1987). Thus, it is likely that alteration of the preserved
diatreme tuff horizons would produce thick apron to elongate domal shaped bentonites
having a geochemistry indicative of the original ash deposits.

One aspect of this diamond study of Albetta is to investigate the role bentonites can play
in diamond exploration. Following are some of the aspects considered in the present
study:

(1) Examine the regional character of selected anomalously thick bentonites in Atberta
which have been reported in the literature.

(2) Interrogate existing government databases and published literature for anomalous
occurrences of tuff, volcanics and bentonites (for example, chemistry, thickness
and geological associations).

(8) Provide guidelines in the use of bentonites as a diamond exploration tool.

Figure 4.1 and Appendix 4.1 identify the localities in Alberta having anomalously thick
occurrences of bentonite, as cited in various publications. Several of these localities were
selected for a more detailed investigation in this study. They include the bentonite
occurrences in the Drumheller area, the Bickerdike and Rosalind area showings, and the
localities in the Irvine-Bullshead area (Figure 4.2). Also included in this study is an
appraisal of subsurface information on bentonites in the Duagh area near Edmonton.

4.2 Volcanism and Bentonites in Alberta

Within Alberta, recognized products of volcanic activity are restricted to the Moyie dykes
and Purcell lavas (Middle Proterozoic), the Exshaw Formation bentonites (Late Devonian-
Early Mississippian), the Viking Formation bentonites (late Early Cretaceous), the
Colorado Group bentonites (mid to Late Cretaceous), Crowsnest Formation volcanics (late
Early Cretaceous), Belly River Group bentonites (late Late Cretaceous), Horseshoe
Canyon Formation bentonites (late Late Cretaceous), Kneshills Tuff (late Late
Cretaceous) and the Sweetgrass Intrusions (Eocene} (Figure 4.3).

The Proterozoic lavas and sills are restricted to the Clark Range of southwest Alberta and
are compositionally very different from kimberlites and offer little incentive for diamond
exploration potential.
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Little information is avaitable on the source volcanism for the thin volcanic tuffs identified
in the Devonian-Missisippian Exshaw Formation lower shale in the Peace River Arch area
(Bloy and Hadley 1989). However, beds and laminae of marine tuff up to 1.5 m thick are
present in the Exshaw shale at many localities from southwestern Alberta into east-central
British Columbia (Richards et al. 1993). These authors consider volcanism to have taken
place in the western Prophet Trough and westward of this.

The Viking Formation bentonites are considered isochronous and genetically related to
the Crowsnest volcanics (98 Ma) and the bentonitic Vaughn Member of the Blackleaf
Formation of Montana (Amajor 1985). Amajor (/bid) determined that within each bentonite
bed, biotite grain size decreased in a northeasterly direction away from the volcanic
source. Up to eight bentonite beds have been recognized, with thicknesses ranging from
5 cm to 60 cm. The bentonites are rich in biotite grains and are considered regional ash
fall products that were deposited distally in marine waters. The observed variation in
thicknesses has been attributed to later reworking by current and wave action. In
studying the late Early Cretaceous Viking Formation, Amajor and Lerbekmo (1980) used
three of these bentonite beds to subdivide the formation and each layer could be
differentiated by its chemical signature using temary XRF plots.

Overlying the Viking Formation is the Colorado Group of Albian to Santonian age. Within
this Group are three very distinctive formations that span the time frame from 92 Ma to
99 Ma. Within the time interval from 97 Ma to 99 Ma is a regional marker unit known as
the Fish Scale Formation (Figures 4.4 and 4.5). This formation is characterized by high
total organic carbon content (average is 3.2%, and range is 1.8 % to 8.0%), phosphatic
bioclastic debris, fish remains and algal cysts, numerous bentonites with some containing
biotite and feldspar (sanidine?) grains, black phosphatic beds and a pronounced increase
in gamma response on the geophysical fog (Bloch et al. 1993). Conformably overlying
these series of bentonitic claystones and mudstones is the Belle Fourche Formation (93-
97 Ma) which is correlative with the Belle Fourche Member of the Ashvile Formation of
Manitoba. The geophysical log signature of the Belle Fourche Formation is characterized
by an abrupt decrease in sonic transit time and formation density while the gamma ray
response declines upsection (Bloch et al. 1993). This formation is a westward thickening
wedge of non-calcareous to slightly calcareous mudstones and siltstones. The contact
with the underlying Fish Scales Formation is transitional and may be difficult to discern
without determination of organic matter type and abundance. Both formations are notable
for their rarity or lack of foraminifera. It is particularly significant that it is at this general
stratigraphic horizon that explorationists have discovered diamond bearing kimberiite
diatremes (94-96 Ma) in the Fort a4 la Come area of Saskatchewan (Lehnert-Thiel et al.
1992; Garnett 1994). In the Fort a la Come area, a reworked horizon containing enriched
concentrations of diamonds, ilmenites, chrome diopsides and other heavy minerals
overlies kimberlitic breccia, ejecta and tuffaceous kimberlite. Aprons of watertain bedded
tuffs can be recognized as a connective interlayered pyroclastic facies between adjacent
kimberlite pipes. These marine tuffs are underlain and overlain by black shale and
mudstone {(Gamett 1994). Overlying the Belle Fourche is the Second White Speckled
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Shale consisting of claystones and siltstones. The base of this unit is defined by a
distinctive and regionally persistent bentonite bed. The general increase in gamma
response for this Speckled Shale is attributed to an increase in the number of thin
bentonite beds and lens intercalated within the fine grained sediments. However, it is the
presence of fecal pellets composed of coccoliths which best characterize this rock unit.

The Upper Cretaceous Belly River Group bentonites are best developed in the uppermost
part of this 610 m to 760 m thick rock group. The sediments are predominantly
mudstones with minor amounts of coal, bentonites, sandstones, conglomerates and
nodular limestone. The bentonites can range up to 1.1 m in thickness and are alteration
products of glassy volcanics. K-Ar dating of the biotite/sandine in the bentonites gave an
age of 74 to 77 Ma. Based upon grain size, the bentonites which have been studied in
the southwest part of Alberta, are considered to have had a western volcanic source
within 160 km of the sediments (Lerbekmo 1963) .

Within the Horseshoe Canyon and Batile Formations there are several bentonite tuff
horizons. The most well known of these is the Kneehills Tuff Zone near the top of the
Battle Formation. The Kneehills Tuff Zone is widespread and can be recognized across
much of Alberta, being traceable for some 480 km in a northwest to southeast direction
(Figure 4.6). The Kneehills Tuff is within the Maastrichtian Battle Formation and can be
either a single tuff bed or a series of up to four beds over a 1.5 m interval. The tuff is
comprised of greater than 90% silica, with vugs often filled with opaline silica or bentonitic
clay (Ritchie 1960). Heavy mineral suites of this vitric crystal tuff compare well with that
of the Butte Rhyolite of Montana and the age is considered to be 66 Ma (Binda 1969).
Using a thin section study, Binda (1969) demonstrated that size sorting of the fragments
in the tuff occurs away from this rhyolite source.

From the foregoing, there is evidence that volcanism persisted from the Albian to the
Paleocene in relative close proximity to Alberta. Additionally, it is apparent that distal
products of a volcanic eruption, such as the Kneehills Tuff or the Viking Formation
bentonites, are characterized by extensive areal distribution and relatively good
stratigraphic continuity, heavy mineral grain size gradation away from the volcanic source,
+thin bed thickness and may have a mineralogical composition reflective of the volcanic
source. However, Byme (1955), Babet (1966), and Scafe (1975) have identified
numerous occurrences of thick, locally developed bentonites in Alberta, including some
with unusual mineralogical compositions (Figure 4.1 and Appendix 4.1). This is in
contrast to the above cited characteristics for distally deposited tuffs. The foilowing
discussion will present the results of recent detailed subsurface studies carried out to
identify and characterize some of these reported occurrences (Figure 4.2).

4.3 Bentonite Subsurface Investigations

4.3.1 Method of Study

Scafe (1975) detailed numerous thick bentonite showings throughout the province of
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Alberta (Appendix 4.1). In addition, a computer search of reported bentonite occurrences
within the Alberta Research Council coal database identified 248 drillhole intersections
with bentonites that exceed 3 m in thickness (Appendix 4.2). Using information from
these tabulations, four localities were selected for the present study: (a) the Drumheller-
Dorothy-Trefoil area of south-central Alberta [Townships 24-31, Ranges 16-22 W4]J; (b)
the Irvine-Bulishead area in southeast Alberta [Townships 10-12, Ranges 4-6 W4J; (c) the
Bickerdike showing near Coalspur [Townships 48-54, Ranges 18-23 W5]; and (d) the
Rosalind bentonite [Township 43 Range 17 W4M]. An additional study (e) near
Edmonton [Townships 54-56, Ranges 22-24 W4] has also examined the subsurface
Duagh bentonites which were identified during coal prospecting in 1978 (Shell Canada
Limited 1978).

Initially, the subsurface data which pertained to bentonites was assembled and compiled
for each of the five areas. This included searching for drilling and geophysical information
from both the coal and oil/gas geophysical log datafiles of the Energy Resources
Conservation Board (ERCB) of Alberta. These data are avaitable on microfiche at various
establishments, including the ERCB and the Alberta Geological Survey.

As a rule, oil/gas drilling requires the setting of 200 m to 300 m of casing. Therefore, this
prevents the detection of bentonite in these holes at shallow depths. However, coal
drifling often investigates the stratigraphy in detail at these shallow depths. In those
places where coal drillholes have been drilled to depths greater than 250 m, they can
provide a means of integrating the information from the shallow coal wells with the deeper
information from oil and gas wells. This proved to be the case for the bentonites studied
in the Drumheller area.

Bentonite can be best discerned on the Gamma Ray Log as a sharp increase in gamma
response. Although there are no empirical guidelines, a response greater than 150 API
units may be considered significant. However, it is the contrast of the bentonite 'spike’
to the rest of the gamma ray trace, in particular the 'shale line’, which provides the best
means of identification. Occasionally, swelling of the bentonite in interaction with the
drilling fluids may reduce the hole diameter and affect the Caliper Log. Bentonite also
exhibits a strongly conductive nature on the Resistivity L.og.

Distinctive responses of specific lithologies to the various geophysical tools provide the
means to effectively correlate key beds from one borehole to the next (Wyllie 1963;
Pirson 1963; Schlumberger 1972; Asquith 1982; Crain 1986). This study utilized various
geophysical logs, including Gamma Ray - Density, Sonic, Gamma Ray - Neutron, and
Spontaneous Potential - Resistivity, to enhance the correlation effort. Initially, geophysical
logs along with drill cutting and core descriptions, where available, were scanned for the
presence of anomalously thick bentonite. Any detection of a bentonite response on a
geophysical log then required the correlation of the bed to other boreholes in the area.
This correlation effort often involved utilizing the log responses of various other lithologies,
including coal seams and fining or coarsening upward clastic sequences.
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Upon successful correlation, isopach maps and structure contour maps of the base of
each bentonite were constructed. In addition, iithologies were interpreted using both the
Gamma Ray - Density Log and cuttings/core descriptions, and a stratigraphic columnar
section was drafted for each area of interest. The results of these efforts are detailed in
the following discussions.

4.3.2 Drumheller-Rosebud Bentonites

Among the reported thick accumulations of bentonite in Alberta (Byre 1955; Scafe 1975),
are zones up to 5 m thick in the Drumheller area of central Alberta (Figure 4.2). This
thickness should be given added significance in the light of cited compaction rates for
tonsteins of about 5:1 (Bohor and Triplehorn 1993). These montmorillonite-rich beds are
located within the coal bearing sediments of the Horseshoe Canyon Formation
(Campanian-Maastrichtian) in close proximity to the city of Drumheller. The Horseshoe
Canyon Formation is noteworthy for the presence of extensive interbedded bentonite
(Glass 1990). The sand/silt fraction of a heavy mineral analysis on one of these
bentonites indicates a primary mineralogy of plagioclase, biotite and quartz, with
secondary calcite, cristobalite, gypsum, barite and witherite (Scafe 1975).

In addition, about 32 km to the south and east of Drumheller between townships 26 to
28 and ranges 16 to 18 (Figure 4.1), is a 10 m thick bentonite exposed along the Red
Deer river between the towns of Dorothy and Trefoil (Scafe 1975). This bentonite bed
is considered to be within the Bearpaw Formation, some 30 m beneath the upper contact.
The Horseshoe Canyon and Bearpaw Formations are, however, stratigraphically
equivalent in part. Heavy mineral analysis of the Dorothy-Trefoil bentonite unit indicates
a primary mineralogy of plagioclase, biotite, zircon and apatite, with secondary
cristobalite, calcite, barite, gypsum, siderite, heulandite and hematite.

In a followup on the Drumhelier-Dorothy-Trefoil bentonites, a study of both coal and
oil/gas gamma-density well logs was undertaken to investigate the subsurface distribution
of the reported bentonite occurrences. It was determined that between the top of the
Viking Formation (Albian) and the middle of the Horseshoe Canyon Formation of
Edmonton Group, only two bentonite horizons were correlatable over a wide area: the
Drumheller and Rosebud bentonites (Figures 4.7 to 4.13, inclusive). Figure 4.7, which
uses information from coal borehole 47-84 (1-27-22 W4), details the stratigraphic position
of these two bentonite beds within the Horseshoe Canyon Formation.

The Drumheller bentonite is the stratigraphically lowest bed within the Basal Coal Zone,
which comprises an interfingering relationship of marine sediments of the Bearpaw
Formation and terrestrial clastics and coal measures of the Horseshoe Canyon Formation.
The coal seams are thin and not as continuous as those within the Drumheller Coal Zone.
This zone varies from 20 m to 60 m in thickness and represents the first major regressive
sequence above the Lethbridge Coal Zone of the Belly River Group. It is recognized as
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a coal bearing zone underlying major coarsening upward sequences of marine shoreface
clastics (McCabe et al. 1986). The Drumheller bentonite (Figures 4.11 to 4.13 inclusive),
is within the Basal Coal Zone, approximately 30 m above the contact with the Bearpaw
Formation, 80 m to 100 m above the Belly River Group and 60 m stratigraphically above
the bentonite reported at Dorothy-Trefoil. The Drumheller bentonite is evident as a
pronounced gamma log ‘kick' on sections D-D', E-E' and F-F' within the Basal Coal Zone
in the publication of McCabe et al. (1986). This bentonite interfingers with shale in the
north part of the study area and is observed to shale out eastward. It is distributed over
a wide area [Townships 26-31, Ranges 16-22 W4}, with its thickest development in the
vicinity of the town of Beynon, Alberta (holes ARC 7-80 and PCP 16-12-27-21).

Overlying the Basal Coal Zone, the Drumheller Coal Zone comptises much of the
economically attractive coals of the Horseshoe Canyon Formation. A strong marine
influence is still evident in the form of major coarsening upward clastic sequences
adjacent to and underlying the coal seams of the Drumheller coal zone. Fining upward
sequences become more frequent and influence the stratigraphic position, lateral
continuity and thickness trends of the coals. The stratigraphy is thought to represent a
depositional environment of shore-parallel peat swamps some distance from actual
shorelines of the Bearpaw sea. Peat development was interrupted during periods of
marine transgression. Repeated regressive-transgressive cycles produced a series of
interfingering coal seams and coarsening upward sequences (McCabe et al. 1986).

The second bentonite, here termed the ‘Rosebud' bentonite' (Figures 4.8 to 4.10
inclusive), is located some 190 m further upsection from the Drumheller bentonite and
within the Drumheller Coal Zone. This bentonite is best developed locally near the town
of Rosebud, Alberta, which is about 25 km southwest of Drumheller. Geophysical log
evidence indicates this bentonite rapidly thins to the east, west and north. There is also
a subtle thin interfingering relationship with enclosing shale to the northeast.

A geophysical log analysis, using a combined total of 90 wells, provided the control for
the drafting of structure contour and isopach maps for each of these bentonites (Figures
4.9, 4.10, 4.12 and 4.13). Correlation was facilitated using four continuous and regionally
extensive coal seams in the Basal Coal Zone, as well as a prominent 30 m thick
coarsening upward clastic sequence.

Both bentonites trend north-south and dip westward between 5 m and 7 m per kilometre
{Figures 4.10 and 4.13). However, there is a sharp contrast in the isopach map pattems
between the two bentonites (Figures 4.9 and 4.12). The Rosebud bentonite appears to
have a pronounced elongate thickness trend oriented west-northwesterly. As well, there
is a facies transition to shale to the north. The thickness isopach trend for the Drumheller
bentonite, on the other hand, is to the north or northeast.

Nurkowski and Rahmani (1984) carried out a detailed study of Upper Cretaceous
stratigraphy (Maastrichtian) in an area approximately 16 km north of Drumheller. Dips
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APPENDIX 6.1B




APPENDIX 6.1B

MICROPROBE DATA FOR NORTHERN ALBERTA TILL DIAMOND INDICATOR MINERALS

% % % % % % % % % % % PPM | ppm
Site Graln_| Mineral (GSCID)_[Mineral (MindD.ASC) TiO2 | Cr203| FeO CaO | SIO2 | A203 | Na20 | MnO | K20 | Total | NI Zn
2 CPX_04_UNKNOWN 040 | 021 | 982 | 16574 | 1210 [ 49.64 | 638 | 107 | 0.15 | 054 | 96.05| na n/a
1 GROSSULAR 047 | 462 | 330 | 0.16 | 3540 | 38.38 [ 1562 | 0.00 | 0.31 na | 9824 | nfa na
12 G_02_HIGH_TITANIUM_PYROPE 1.02 | 096 | 10.30 | 21.41 [ B.03 | 41.24 2086 | 001 | 030 | na {101.12] n/a n‘a
INAT92-5 1 SUB_PICRO. CHROMITE 0.12 | 87.28 | 2568 | 10.69 | 0.00 | 0.00 | 25,07 | 0.00 | 0.31 Na | 9913 | na n/a
[NATE2-10 2 G_03, CALCIC_PYROPE_ALMANDINE 0.00 | 0.06 | 1423 | 1584 | 521 | 40.88 | 22.30 | 0.00 | 0.55 | 0.00 | 99.08 | na na
NAT92-17 1 PICRO_CHROMITE 1.18 | 4311 1 29.12 | 4501 | 000 | 0.08 [ 1804 | nfa [ 022 | wa | 98.068 | 1730 0
4 G_09_CHROME_PYROPE 001 | 394 | 804 {1872 552 | 41.29 | 2055 | 0.00 | 062 | 0.00 | 9869 | wa nfa
6 G_10_LOW_CALCIUM_CHROME_PYROPE 010 | 7.78 | 833 | 1953 | 7.13 [ 40881 1708 000 | 044 | wa |101.27] na wa
NAT92-25 9 G..05_MAGNESIAN_ALMANDINE 005 ) 004 12516 | 9.62 | 261 | 3870 [ 21.74 | 0.00 | 0.61 | 000 | 9853 | na na
: 1 PICRO_CHROMITE 0.66 | 48.19 1 26.20 | 1322 | 0.00 | 0.06 | 10.27 | na 028 | na_| 98.99 | 830 0
INAT92-28 2 CPX_04_UNKNOWN 071 | 003 [ 1169 | 1590 | 1274 | 49601 7.6 | 0.76 | 026 | na | 9938 | na n/a
[nATO2-34 10 CPX_04_UNKNOWN 115 | 0.08 | 13.34 | 1582 | 11.18 | 4944 | 7.64 | 1.4 | 0.18 | wa | 9996 | wa | wa
NATS2-30 8 UNKNOWN . 086 | 3055 ) 1604 | 1976 | 0.00 | 0.00 | 3381 | 000 | 047 | wa |101.20| wa nfa
6 G_07, FERRO-MAGNESIAN_UVARCVITE_GROSSULAR 042 | 1587 { 1.31 | 054 92.7¢ | 3697 | 8.04 | 0.00 | 0.76 na | 9671 | wa n/a
2 UNKNOWN {Jaedite?) 083 | 0.06 | 13.66 | 14.78 | 11.94 | 4650 | 749 | 148 | 0,15 | 0.69 | 98.17 | na n/a
NAT93-37 1 @_05_MAGNESIAN_ALMANDINE 021 | 0.06 | 2389 | 1091 | 3.13 | 38.36 [ 2270 0.02 | 0.37 | 0.00 | 99.65 | nia na
2 G_05_MAGNESIAN_ALMANDCINE 007 [ 003 |26.00 ] 897 | 4.36 | 88,13 | 2230 | 0.03 | 0.32 | 0.00 | 99.21 | wa na
INATS3-37 3 3_06_MAGNESIAN_ALMANDINE 002 | 012 | 24.37 ) 11.76 | 1.96 | 39.20 2244 | 002 | 0.28 | 0.00 |100.26] wa na
3 |a_05_MAGNESIAN_ALMANDINE 0.14 | 011 [ 2420 | 780 | 648 | 38.68 | 21.60 | 0.02 | 0.59 | 6.00 | 99.65 | wa na
NAT93-38 1 la_03_CALCIC_PYROPE_ALMANDINE 0.10 | 0.00 | 2252 | 6.29 | 1065 | 39.62 | 21.29 | 0.00 | 0.35 | 0.00 | 10066 wa na
NAT93-45 1 J6_05 MAGNESIAN_ALMANDINE 008 | 014 ) 2551 | 1153 | 1.08 | 38.50 | 2221 0.02 | 0.47 | 0.00 | 9954 | na | nia
2 G_11_UVAROVITE PYROPE 034 | €47 | 7.31 | 19.21 ]| 565 | 40.71 | 1880 [ 0.07 | 0.44 | 0.00 | 9901 | na n'a
NAT92.51 1 UNKNOWN (Chromite?} 029 13468 13165]13.38| 000 | 003 | 1665 na | 028 | na | 97.24 | 1971 | &4
2 CPX_04_UNKNOWN 023 | 060 | 1160|1497 | 10,84 | 4958 | 688 | 1.04 | 0.96 | 046 | 9656 | n/a n/a
1 a_08_CHROME_PYROPE 016 t 178 | 6.72 | 1846 | 5.07 | 42.06 | 21.45 002 | 057 | 0.00 | 99.28 | nfa n‘a
1 CPX_05, CHROME_DIOPSIDE 005 | 173 | 242 [ 1560 | 2132 | 54.65 | 1.35 | 1,72 | 0.11 | 0.00 | 9864 | na na
1 CPX_02_DIOPSIDE_>ONE_S.0. 023 | 083 | 455 | 17.88 | 20.82 | 53.42 226 | 053 | 0.14 | 0.00 [100.66] ra n/a
1 CPX_01_UNKNOWN 012 ;019 | 974 |18.95| 1122 [ 5084 [ 325 | 1.02 | 042 | 0.38 | 9%6.22 | na na
NAT93-73 1 [SUB_PICRO_CHROMITE 143 | 3687 | 22.96 | 13.69 [ 0.00 | 0.08 | 2194 na | 027 | wa | 97.43 | 1538 0
[NAT93-73 2 SUB_PICRO_CHROMITE 0.13 15827122641 7.09 | 000 | 603 | 809 | na | 0.38 | wa | 96.90 | 441 | 1779
IQA;TQG-N 2 3. 05_MAGNESIAN_ALMANDINE 002 ) 022 | 2331 | 1284 | 1.06 | 40.26 | 2230 | 0.00 | 0.33 | 0.00 |100.35] wa na
NAT93-74 6 G_05_MAGNESIAN, ALMANDINE 0.10 | 000 | 2468 | 6.07 | 9.00 | 36.96 | 2123 | 0.08 | 0.58 | 0.00 | 98.64 | wa | wa
INATS3-74 1 G, 03 CALCIC_PYROPE_ALMANDINE 011 [ 006 | 2025 | 872 | 9.06 | 40.30 | 21.58 | 0.00 | 0.46 | 0.00 |100.64]| r/a n/a
1 |3_09_CHROME_PYROPE 0.12 | 517 [ 8.47 11876 | 548 | 41.93 | 1886 | 0.03 | 048 | 0.00 | 99.29 | wa n/a
3 JcPX_04_UNKNOWN 020 1 1.01 | 120t | 1679 | 11.81 | 49.837 | 6.83 | 0.96 | 031 | 057 | 9796 | wa na
INAT93-76 2 |G_05_MAGNESIAN_ALMANDINE 008 | 001 | 24563 | 11.23 | 272 | 39.48 [ 2205 [ 0.00 | 0.27 | 0.00 |100.35| n/a na
INAT9a-76 3 16_05_MAGNESIAN_ALMANDINE _ 005 | 000 | 25.41 | 10.70 | 287 | 39.43 [ 21.83 [ 0.02 | 0.29 | 0.00 [10031] wa | wa
INATE3-78 8 G_00. CALCIC_PYROPE_ALMANDINE 009 | 007 12293 ]| 660 | 916 | 3691 [ 2160 | 0.01 | 0.64 | 0.00 | 99.81 | nia | na
|NATS3-78 3 G_05_MAGNESIAN, ALMANDINE 002 | 009 [ 2442 1229 | 1.23 [ 39.37 [ 2232 | 0.00 | 0.28 | 0.00 |100.12| n/a n‘a
NATS2-78 8 G_05_MAGNESIAN_ALMANDINE 014 | 0.00 | 2560 | 684 | 7.00 | 38.85 2147 ] 002 | 097 | 000 {100.89] na na
: 1 G_03_CALCIC_PYROPE_ALMANDINE 007 | 000 | 2213 ] 9.25 | 6.12 | 4003 [ 21.35 | 0.00 | 0.44 | 0.00 | 9939 | wa na
3 CPX_02_UNKNOWN 010 | 058 | 3.93 | 1648 | 22.66 | 53.75 | 1.68 | 0.60 | 0.13 | 0.00 | 99.88 | ma na
1 [CPX_02_UNKNOWN 005 | 065 | 411 | 1587 | 22.90 | 63.58 [ 1.55 | 059 | 0.10 | 0.00 | 99.99 | nia na
1 CPX,_04, UNKNOWN 011 | 077 [ 8.17 | 1571 ] 18.01 | 52.30 | 265 | 0.77 | 0.04 | 0.00 | 96.63 | na n/a




% % % % % % % % % % % ppm | ppm

Site Grain_| Mineral (GSC ID) {Mineral (Min4D.ASC) TiO2 |Cr203| FeD | MgO | Ca0 | Si02 | ARO3 Na20 | MnO { K20 | Total Ni Zn
; 1 G_03._CALCIC_PYROPE_ALMANDINE 013 | 022 | 2032 | 1250 | 443 | 39.71 1 21.62 | 0.05 | 070 | 0.00 | 9969 | na na

1 G_08_CALCIC_PYROPE_ALMANDINE 004 | 000 | 1551 | 1283 | 0.42 | 40.39 2143 | 0.00 | 896 | 0.00 | 99.58 na na

4 G_03_CALCIC_PYROPE_ALMANDINE 019 | 0.00 | 2191 ] 551 | 1201 | 3848} 2100 ] 001 | 069 | 0.00 | 9980 | na na

2 G_05_MAGNESIAN_ALMANDINE 006 | 0.00 | 2530 ) 835 | 570 | 39,78 { 2119 | 0.01 | 049 | 000 (10088 n/a na

3 @_05_MAGNESIAN_ALMANDINE 008 | 0.00 | 2568811139 | 1.04 | 4052 | 21868 | 003 | 046 | 0.00 |[101.26] wa n‘a

INATS3-87 4 G_05. MAGNESIAN_ALMANDINE 004 | 0.00 | 2558 | 11.02 | 144 ! 4017 | 2166 | 0.00 | 0.86 | 0.00 |[100.75| wa n‘a
INATO3-87 5 G_05_MAGNESIAN_ALMANDINE 0.01 004 2511|1145 | 1.30 [ 3999 | 21,70 | 0.00 | 0.48 | 0.00 |100.09| na na
Iw'ga-a'f [ G_05_MAGNESIAN_ALMANDINE 007 | 0.00 ) 2489 | 11.96 | 1.32 | 4015 | 2155 | 0.01 | 052 | 0.00 |100.47| na n‘a
NATS3-87 7 G_05_MAGNESIAN_ALMANDINE 0.0 0.00 | 2411 | 1210 | 1.15 | 40.07 | 2¢.79 | 0.00 | 0.87 | 0.00 [100.10] wa n/a
INATS93-87 8 G_05_MAGNESIAN_ALMANDINE 006 | 0.00 | 2349 | 673 | 837 | 3952 | 2117 | 0.03 | 0.67 | 0.00 |100.03| n/a n/a
NAT93-87 11 G_05_MAGNESIAN_ALMANDINE 016 { 0.00 | 2549 | 11.15{ 1.38 | 3958 | 21.74 1 0.06 | 0.94 | 0.00 [100.50| n/a n/a
|NATS3-87 12 G_05_MAGNESIAN_ALMANDINE 007 | 0.00 [ 2510 | 1163 068 | 4073 | 2151 | 0.01 142 | 0.00 |101.14| n/a nfa
3 G_06_MAGNESIAN_ALMANDINE 0.11 000 [2390| 650 | 865 | 39.01 | 2188 003 | 0.72 | 0.00 |100.80| na na

1 G_00_CHROME_PYROPE 017 § 412 | 7.89 | 19.30| 538 [ 4226 | 1960} 000 | 042 | 0.00 | 99.13| na na

1 G_03_CALCIC_PYROPE_ALMANDINE 020 | 000 | 1917 | 792 | 1035 [ 3988 [ 2130 | 007 | 057 | 000 | 9946 | n/a n‘a

1 G_03_CALCIC_PYROFE_ALMANDINE 019 | 000 | 2183 | 984 | 601 {4005 ]| 2125] 005 | 054 | 000 | 99.76| nfa n/a

1 G._05_MAGNESIAN_ALMANDINE 0.16 | 0.00 | 2497 | 656 | 7.69 | 39.20 | 2095 | 0.00 | 0.63 | 0.00 [10025]| wa na

1 G_00_CHROME_FYAOPE 022 | 334 | 824 {11936 | 4.98 4258 | 2008 | 003 | 063 | 0.00 | 9946 | n/a na

2 G_00_CHROME_PYROPE 026 | 400 | 861 | 19197 | 489 | 4275{ 1973 | 0.00 { 042 | 0.00 | 9982 | n/a na

3 G_00_CHROME_PYROPE 0.19 | 422 | 829 | 19.01 | 504 | 4223 (1997 | 002 { 020 | 0.00 | 99.28 [ n/a n/a

4 G_00_CHAOME_PYROPE 0.31 355 | 847 | 1940 | 453 | 4198{ 1983 | 004 |1 050 | 0.00 | 89.02 | na na

1 CPX_02_DIOPSIDE_>ONE_S.D. 0.11 | 064 | 535 | 1504 | 2148 | 5394 ] 139 | 1.26 | 0.19 | 0.00 | 9929 | wn/a n/a

6692a CPX_03_UNKNOWN 055 | 078 | 299 | 14.93 | 1959 [ 5099 709 | 2.08 | 0.06 nfa | 9906 | n/a n/a

6692d CPX_03_UNKNOWN 052 | 107 | 279 | 1473 | 1950 | 5124 6.63 | 2.07 | 0.04 na | 98.61 na n/a

68692h CPX_05_CHROME_DIOPSIDE 0.14 1.03 | 230 | 15.18 | 19.54 | 52.38 | 585 | 2.11 0.06 na | 98.00{ na n/a

Those siles with indicator mineral grains of favourable chemistry
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APPENDIX 6.2: SUMMARY TABLE OF DIAMOND INDICATOR MINERAL DATA

Samplo# | Field Sample# | Longitude * | Latitude * | NTS | Location Name DataSource | Lithology | Anomalous [ G1, G2
Samples
1 91TCA-3019 | 110.482618 | 49,974459 | 72L Medicine Hat GSC/Thorleifson Titl
2 91TCA-3020 | 111.133141 ] 50.212083 | 72L Suffield GSC/Thorleifson Till
3 91TCA-3021 | 111.995606 | 50.641376 | 72L Brooks GSC/Thorleitson Tl
4 91TCA-3022 { 113.072479 | 50.911406 ] 821 Gleichen GSC/Thoreifson Till 1
5 91TCA-3023 | 113.724499 | 51.041018] 82I _Calgary GSC/Thorleifson Till
] 91TCA-3024 | 114.000208 | 51.282528 | 820 Airdrie GSC/Thorleifson Till
7 91TCA-3025 | 114.020485 [ 51.721074 | 820 Olds GSC/Thorleifson Till
8 91TCA-3026 | 113.906378 [ 52.316490 | 83A Red Deer GSC/Thorleifson Till
9 91TCA-3027 | 113.642677 | 52.838858 | 83A Ponoka GSC/Thorlelfson Til
10 91TCA-3028 | 113.548995 | 53.201394 | 83H Leduc GSC/Thorleifson Tik
11 91TCA-3029 | 113.177713 | 53.572967 | 83H Edmonton GSC/Thorleifson Till
12 91TCA-3030 | 112.275724 | 53.561718 | 83H Vegreville GSC/Thorleifson Til
13 S1TCA-3031 | 111.229755 | 53.334595 | 73E Mannville GSC/Thotleifson Till 1
14 91TCA-3032 | 110.349661 | 53.342037 | 73E Kitscoty GSC/Thorleifson Till
15 1-3-1-T 114.973516 | 54.000835 | 83J Mayerthorpe GSCrThorleifson Till
16 10-2-2-T | 114.174442 | 50.919886 | 82J Calgary GSC/Thorleifson Till
17 10-3-1-T { 114.003055 | 50.396573 | B2J Nanton GSC/Thorleifson Till
18 13-3-2-T | 113.586360 | 54.910684 | 831 Grosmont GSC/Thorleifson Till
19 14-3-2-T 1113.,574480 ] 53.961582 | 83H Morinville GSC/Thorleifson Till
20 14-4-1-T | 113.751049 | 54.349667 | 831 Westlock GSC/Thorleifson Till
21 15-3-1-T | 113.419206 ]| 53.410983 | 83H Edmonton QSC/Thorleifson Till
22 15-3-2-T | 113.426939 | 53.335301 | 83H Beaumont GSC/Thorleifson Til
23 15-4-2-T | 113.944395 | 53.628477 | 83H | Spruce Grove | GSC/Thorleifson Till 1
24 16-3-1-T | 113.710031 | 52.704251 | 83A Ponoka GSC/Thorleifson Till
25 16-3-2-T | 113.897522 | 62.718699 | 83A Gull Lake GSC/Thorleifson Till
26 16-4-1-T | 113.402242 ] 53.136196 | 83H Leduc GSC/Thorleifson Till
27 16-4-2-T | 113.798421 | 52.882048 | 83A Ponoka GSC/Thorleifson Till
28 17-1-2-T ] 113.631122| 52.002003 | 83A Innisfail GSC/Thoreifson Till
29 17-2-2-T | 113.976587 [ 52.378594 | 83A Gull Lake GSC/Thorlsifson Till
30 17-3-1-T | 113.505812 | 52.108949] 83A Pine Lake GSC/Thorleifson Till
31 17-3-2-T | 113.630924 | 52.026182 | 83A tnnisfail GSC/Thorleifson Tl
32 17-4-1-T | 113.400615| 52.166709 | 83A Pine Lake GSC/Thorleiison Till
33 17-4-2-T | 113.921387 | 52.410549 | 83A Lacombe GSC/Thorleifson Till
34 18-1-2-T { 113.083408 | 51.162418 | 82P | McDonald Lake | GSC/Thorleifson Till
a5 18-3-1-T | 113.541584 ] 51.138681 | 82P Strathmore GSC/Thorleifson Till
36 18-3-2-T | 113.784880 | 51.357098 | 82P Airdrie GSC/Thorleifson Till
37 18-4-1-T ] 113.551010 | 51.774333 | 82P Three Hills GSC/Thorleifson Till
38 18-4-2-T | 113.821012 | 51.663831 | 82P Olds GSC/Thorleifson Tik
38 19-1-2-T | 113.973555 | 50.651746 | 821 Ohotoks GSC/Thorleifson Till
40 19-2-2-T | 113.955918 | 50.821306 | 821 Calgary GSC/Thorleifson Titk
41 19-3-1-T | 113.787266 | 50.396394 | 82! Nanton GSC/Thorleifson Till
42 19-3-2-T | 113.534874 | 50.571275| 82l Vulcan GSCiThorleifson Till
43 19-4-1-T | 113.530810 | 50.863689 | 821 Carseland GSC/Thorleifson Til
44 19-4-2-T | 113.761278 | 50.963699 | 82l Calgary GSC/Thorleifson Till
45 2-1-2-T 115.305178 | 53.583483 | 83G Chip Lake GSC/Thorleifson Till
46 2-3-1-T 114.676142 | 53.456034 | 83G | Wabamun Lake | GSC/Thoteifson Till
47 2-3-2-T 114.906833 | 53.533157 | 83G | Wabamun Lake | GSC/Thorleifson Till
48 2-4-1-T 114.970879 | 53.718523 | 83G | Wabamun Lake | GSC/Thorlgifson Till
49 2-4-2-T 114.639220 | 53.632429 | B3G | Wabamun Lake | GSC/Thorleifson Tit
50 20-1-1-T | 113.870727 | 49.959865 | 82H Claresholm GSCiThorleifson Till
51 20-3-1-T | 113.618358 | 49.883079 | 82H Ft Macleod GSC/Thorleitson Tik
52 20-3-2-T | 113.705464 | 49.722749 | 82H Ft Macieod GSC/Thorleifson Till
53 20-4-1-T | 113.7593581 50.133490 ] 82l Stavely GSC/Thorleifson Till
54 20-4-2-T | 113.392774 | 50.246871 | 821 Stavely GSC/Thorleifson Tilt
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Samplo# | Field Sample# | Longitude ® | Latitude ° | NTS | Location Name DataSource | Lithology | Anomalous | G1, G2
55 21-2-2-T 113.9668438 | 49.438307 | 82H Pincher Creek GSC/Thorleifson Till
56 21-3-1-T [ 113.290555| 49.129867 | 82H Cardston GSC/Thorleifson Till 2
57 21-3-2-T [ 113.638861 | 49.234885| 82H Waterton GSCiThorleifson Tin |
58 21-4-1-T | 113.595359 | 49.322239 | 82H Waterton GSC/Thorleifson Tit
59 21-4-2-T ] 113.459386 | 49.548319| 82H Ft. Macleod GSC/Thorleifson Tilt
&0 23-1-1-T | 113.433824 | 54.709779| 83l Athabasca GSC/Thorleifson Till 1
&1 23-1-2-T ] 112.875845] 54.806770| 83l Alpac GSC/Thorleifson Till
62 23-3-1-T | 112.803187 | 54.841244 | 83l Grassland GSCi/Thorleitson Till
63 23-3-2-T | 112.297317 | 54.751540 | 83| Plamondon GSC/Thoreifson Till
64 24-1-1-T | 113.177236 | 54.207667.| 83l Elbridge GSCiThoreilson Till
85 24-1-2-T | 112.9806832 | 54.264997| 83l Abee GSC/Thorleifson Till
66 24-2-1-T | 113.014969 | 54.496345 | 83| Eflscott GSCiThorleifson Tl
67 24-2-2-T | 113.401949 | 54.511747| 83l Pemyvale GSC/Thorleifson Til
€8 24-3-1-T | 112.259110 ] 54.017627 | 83l Kahwin GSC/Thorleifson Till
69 24-3-2-T | 112.324041| 54.187710 | 83l Edwand GSC/Thorleifson Till
70 24-4-1-T | 112.794752| 54.615766 | 83l Boyle GSC/Thorleffson Till
71 24-4-2-T ] 112.798801 | 54.320881] 83l Valley Lake GSC/Thorleifson Till
72 25-1-1-T 1 113.385931] 53.3541111 83H Beaumont GSC/Thorleifson Till
73 26-1-2-T | 112.877368 | 53.336924 | 83H | Cooking Lake | GSC/Thotleifson Till
74 25-2-1-T | 113.118034 | 53.919257 | 83H Redwater GSC/Thorleifson Til
75 26-2-2-T | 113.125194 | 53.670107 | 83H Fort Sask. GSC/Thorleifson Till
76 25-3-1-T | 112.754627 | 53.495420| 83H Elk Island GSC/Thorleifson T |
77 25-3-2-T | 112.221350 ) 53.351038 | 83H Vegreville GSC/Thorleifson Till
78 25-4-1-T° | 112.723489 | 53.656787 | 83H Chipman GSC/Thorleifson Till
79 25-4-2-T | 112.434890 | 53.669583 | 83H Hilliard GSC/Thorleifson Till
80 26-1-1-T | 113.015289 | 52.757665 | 83A Stettler GSC/Thorleifson Till
81 26-1-2-T | 113.176962 | 52.671184 | 83A | Samson Lake GSC/Thorleilson Tilt
B2 26-2-1-T | 113.119390{ 53.069640 | 83H Bittern Lake GSC/Thorleifson Till
83 26-2-2-T [ 112.911928]| 53.171154 | 83H | Miquelon Lake | GSC/Thorleifson Till
84 26-3-1-T | 112,305981 | 52.576997 | 83A Stettler GSC/Thorleifson Till
85 26-3-2-T 1112.579983| 52.727400| B3A | Driedmeat Lake | GSC/Thorleifson Till
86 26-4-1-T | 112.193431 | 53.158046 ] 83H Helden GSC/Thorleifson Tl |
87 26-4-2-T | 112.656594 ] 53.106654 | 83H Camrose GSC/Thorleifson Till 1
88 27-1-1-T | 113.078572( 51.903241 | 82P Trochu GSC/Thorleifson Till
8% 27-1-2-T | 113.273845] 52.142429 | B3A Delbume GSC/Thorleifson Tilt
90 27-2-1-T | 112.859892] 52.414040 | B3A Buffalo Lake GSC/Thorleifgon Til 1
21 27-2-2-T | 113.262207 | 52.402528 | 83A Butfalo Lake GSC/Thorleifson Tl
g2 27-3-1-FT | 112.203325| 52.114156 | 83A Sullivan Lake GSClThorleifson Till
93 27-3-2-T | 112.500349 51.825713 | 82P Famell Lake GSC/Thorleifson Till
94 27-4-1-T | 112.499909 | 52.291482 | 83A Stettler GSC/Thorleifson Till
95 27-4-2-T | 112.175562 ] 52.279871 | 83A Halkirk GSC/Thorleifson Till
96 28-1-1-T ]| 113.056386 | 51.383848 | 82P Drumhetler GSC/Thorleifson Till
97 28-1-2-T | 112.772189| 51.132192 | 82P Standard GSC/Thorleifson Till
98 28-2-1-T ] 113.241396 | 51.757266 | B2P Three Hills GSC/Thorleifson Till
99 28-2-2-T |112.878453 ] 51.565792] B2P Munson GSC/Thorleifson Till
100 28-3-1-T 1 112.345706 | 51.358196 | 82P | Litdefish Lake | GSC/Thorleifson Till
101 28-3-2-T | 112.186811|51.267293 | 82P | Liwefish Lake | GSC/Thorleifson Till
102 28-4-1-T | 112.507201 | §1.639480| 82P Drumheller GSC/Thorleifson Till
103 28-4-2-T | 112.389057 | 51.792911) 82P Drumheller GSC/iThorleifson Till
104 29-1-1-T | 112.848941 | 50.510439 | 82 | McGregorLake | GSC/Thorleifson Till
105 29-1-2-T | 112.705758] 50.568388 | 821 Blackfoot Res. | GSC/Thorleifson T
106 29-2-1-T | 112.728416 | 50.839664 | 82l Blackfoot Res. | GSC/Thorleifson Tilb
107 29-2-2-T | 113.121571 ] 51.021147| 82l Blackfoot Res. | GSC/Thorleifson Tilt
108 29-3-1-T | 112.292921 ]| 50.601584 | 82| Bassano/BIR GSC/Thorleifson Till
109 29-3-2-T | 112.535459] 50.629217| 82l Blackfoot Res. | GSCiThorleifson Till
110 29-4-1-T | 112,309811 | 51.005191 | 82P Wolf Lake GSC/Thorleifson Till
111 29-4-2-7 | 112.366960 | 50.864244 | 82l | Barkenhouse L. | GSC/Thorleifson T |
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Samplo# | Field Sampie# | Longitude ° | Latitude ®* | NTS | Location Name DataSource | Lithology| Anomalous | G1, G2
112 3-4-1-T 114.950613 | 53.198536 | 83G | Drayton Valley | GSC/Thorleifson il
113 3-4-2-T 114.942338 | 52.964633 | 83B Buck Lake GSC/Thorleifson Till
114 30-1-1-T 112.782958 | 49.954711 | 82H Keho Lake GSC/Thorleifson Till
115 30-1-2-T 112.866812 | 49.815768 | 82H Lethbridge GSC/Thorleifson Till
116 30-2-1-T 112.970465 | 50.312366 | 821 Yulcan GSC/Thorleifson Till
117 30-2-2-T 112.822919 | 50.016155 | 821 Traverse Res GSC/Thoreifson T
118 30-3-1-T 112.620021 | 49.668365 | 82H Coaldale GSC/Thorleifson Till
119 30-3-2-T 112.301606 | 49.991693 | 82H Vauxhall GSC/Thorleifson Tilt
120 30-4-1-T 112.183804 | 50.023536 | 82l Vauxhall GSC/Thorleifson Till
121 30-4-2-T 112.474328 | 50.165018 | 82l Enchant GSC/Thorleifson Till
122 31-1-2-T 112.714355 | 49.275702 | 82H Raymond GSC/Thorleifson Till
123 31-2-1-T 112.768061 | 49.354955 | 82H Raymond GSC/Thorleifson {  Till
124 31-2-2-T 112.7796295 | 49.569565 | 82H Cardston GSC/Thorleifson “Tilt
125 31-3-1-T 112,189977 | 49,137464 | 82H Mackie Creck GSC/Thorleifson Till 1
126 31-3-2-T 112.542634 | 46.279621 | 82H Raymond GSC/Thorleifson Til 1
127 91-4-1-T | 112,252862 | 49.293322 | 82H Warner GSC/Thorleifson TH
128 31-4-2-T 112.588447 | 49.464609 | 82H Raymond GSC/Thorleifson Tilt |
129 33-1-1-T 111.886622 | 54.870270 | 83t Lac la Biche GSC/Thorleifson Till 2
130 34-1-1-T 111.973190 | 54.126341| 73L Vilna GSC/Thorlaifson Till
131 34-1-2-T 112.134626 | 54.042237 | 83l Kahwin £ GSC/Thoreifson Till
132 34-2-1-T 111.829564 | 54.520176 | 73L _Grandeur L GSC/Thorleifson Till
133 34-2-2-T 112.030574 | 54.280457 | 73L Whitefish L GSC/Thorleifson Tilt
134 34-3-1-T 111.275422 | 54.125466 | 73L Vincent L GSC/Thorleifson Till
1356 34-3-2-T 111.3071687 | $4.073263 | 73L Owlseye GSC/Thorlaifson Till
138 34-4-1-T $11.104568 | 54.331550 | 73L Franchere GSC/Thoreifson Till
137 34-4-2-T 111.3856866 | 54.483766 | 73L Frenchman L GSC/Thorleifson Tikt
138 35-1-1-T 111.732947 | 53.429653 | 73E Ranfurly GSC/Thorleifson Till
139 38-1-2-T 112.170876 | 53.263447 | 83H Holden GSC/Thorleifson Til
140 35-2-1-T 111.985501 { 53.741540 | 73E Hairy Hill GSC/Thorleifson Till
141 35-2-2-T 112.214320 | 53.947078 | 83H Shandro GSC/Thorleifson Till
142 35-3-1-T 111.034562 | 53.363578 | 73E Mannville GSC/Thorleifson Tl
143 35-3-2-T 111.550280 | 53.386581 | 73E Innisfree GSC/Thorleifson Till
144 35-4-1-T 111.567837 ] 53.800879 | 73E Lac Sante GSC/Thorleifson Till
145 35-4-2-T 111.155740 | 53.627752 | 73E Mymam GSC/Thorieifson Tilt
146 36-1-1-T 111.613562 | 52.8711856 | 73D Sedgewick GSC/Thorleifson Till
147 36-1-2-T 112.095838 | 52,671730 | 83A Stettler GSC/Thorleifson Till
148 36-2-1-T 112.076556 | 63.149272 | 83H Holden GSC/Thorleifson Till
149 36-2-2-T 111.911409 | 52.976252 | 73D Killam GSC/Thorleifson Til
150 36-3-1-T | 111.526960 | 52.712483 | 73D Hardisty GSC/Thorleifson |  Til
151 36-3-2-T 111.040112 | 52.871870 | 73D Wainwright GSC/Thorleifson Till 1
152 36-4-1-T 111.568275] 52.929844 | 73D Sedgewick GSC/Thorleifson Till
153 38-4-2-T 111.540230 | 53.186175 | 73E Birch Lake GSC/Thorleifson Tilt
154 37-1-1-T 1 111.861656 | 52.117148 | 72M Sullivan Lake GSC/Thoreifson Till
165 37-1-2-T 112.142284 | 52.011364 | 83A Sullivan Lake GSC/Thorleifson Till
156 37-2-1-T 111.931993 ) 52,198431 | 73D Castor GSC/Thorleifson Till
157 37-2-2-T 111.754903 | §2.367829{ 73D Alliance GSC/Thorlsifson Till
158 37-3-1-T 111.279104 | 52.143344 | 73D Coronation GSC/Thorleifson Till
159 37-3-2-T 111.574074 | 52.126998 | 73D Coronation GSC/Thorleifson Till
160 37-4-1-T 111.112665 | 52.201167 | 73D Coronation GSC/Thoreifson Til
161 37-4-2-T 111.363052 | 52.224030 | 73D Talbot GSC/Thotleifson Tilt
162 38-1-1-T 112.066536 | 51.272946 | 82P East Coulee GSC/Thorlelfson Till
163 38-1-2-T 111.643197 { 51.240968 | 72M Drumheller GSC/Thorleifson Till
164 38-2-1-T 111.913988 | 51.747212 | 72M Hanna GSC/Thorleifson Till
165 38-2-2-T 111.855834 1 51,735860 | 72M Hanna GSC/Thorleifson Till
166 38-3-1-T 111.040185| 51.326353 | 72M Oyen GSC/Thoteifson Till
167 38-3-2-T 111.149074 | 51.269622 | 72M Oyen GSC/Thorleifson Till
168 38-4-1-T 111.430968 | 51.676254 | 72M Hanna GSC/Thorleifson Till b
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Sample# | Fiekd Sample# | Longitude ® | Latitude ® | NTS | Location Name DataSource | Litholo Anomalous | G1, G2
169 38-4-2-T 111.089835 | 51.7633261 72M Coronation GSC/Thorleifson Till
170 39-1-1-T | 111,696270 | 50.386343 | 72L Tilley GSC/Thorleifson Till
171 39-1-2-T_ | 111.990791 [ 50.479536 | 72L | Newell Lake W. | GSC/Thorleifson Till
172 39-2-1-T | 111.627655( 50.834595| 72L | Dinosaur Park | GSC/Thorleifson Till
173 89-2-2-T | 112.129259 | 50.730090 | 82| Rosemary GSC/Thorleifson LI
174 39-3-1-T |1111.293301 ) 50.731897 | 72L lddeskoigh GSC/Thorleifson Till
175 39-3-2-T | $11.187954 | 50.607708 | 72L Suffield GSC/Thotleifson Till
176 39-4-1-T [ 111,342552| 50.878943 ] 72L | Dinosaur Park | GSC/Thorleitson Till
177 899-4-2-T {111.399362 51.039727 | 72M { Dinosaur Park | GSC/Thorleifson Till
178 40-3-1-T | 111.844250 | 49.845718 | 72E | Purple Springs | GSC/Thorleifson Till
179 40-1-2-T | 111.775639 | 50.077355 | 72L Hays GSC/Thorlelfson Till
180 40-2-1-T__ | 112.015006 | 50.350712 | 82| | Vauxhall North | GSC/Thorleifson Till
181 40-2-2-T | 112.069796 | 50.107389 | &2l Vauxhall GSC/Therleifeon Til
182 40-3-1-T | 111.530438 | 49.893458 ] 72E Burdett GSC/Thorleifson Till
183 40-3-2-T | 111.052693 | 49.697674 | 72E Maleb GSC/Thotleifson Til
184 40-4-1-T | 111.518065] 50.167624 | 72L | 12 Mile Coulee | GSC/Thorleifson Till
185 40-4-2-T | 111.658245 | 50.251288 | 72L | 12 Mile Coulee | GSC/Thorleifson Til
186 41-1-1-T | 111.564519| 49.110733 | 72E | Wiiting on Stone | GSC/Thorleifson Til
187 41-1-2-T |111.952446| 49.118978 | 72E Red Creek GSC/Thorleifson Til
188 41-2-1-T | 112.048257 | 49.502250 | 82H Wrontham GSC/Thorleifson Til
189 41-2-2-T | 111.645704 | 49.347784 | 72E | Crow Indian L. | GSC/Thorleilsen Till 2
190 41-3-1-T | 111.255009 | 49.140621 | 72E Milk River GSC/Thorleilson T
191 41-4-1-T _§111.110609 | 49.556421 | 72E | Nosth Pakowki j GSC/Thoielfsen Till
192 41-4-2-T [ 111.801596| 49.361796 | 72E Foremost GSC/Thorleilson Till
193 43-1-1-T | 110.705004 | 54.296182 | 73L Bonnyville GSC/Thorleifson Till
194 43-1-2-T | 110.518435 | 54.220993 | 73L Muriel L GSC/Thorleifson Til
185 43-2-1-T | 110.701516 | 54.353695 | 73L Fort Kent GSC/Thorleifson Till
196 43-2-2-T | 110.775965 | 54.526414 | 73L LaCorey GSC/Thorleifson Till
197 43-3-1-T | 110.351797 | 54.186961 | 73L Angling L GSGC/Thorleifson Till
198 43-4-1-T | 110.200957 | 54.459270 | 73L Cold L GSC/Thorleifson Till 2
199 44-1-1-T | 110.951844 | 53.425594 { 73E Vermilion GSC/{Thorleifson Till
200 44-1-2-T | 110.731778 | 53.481936| 73E Vermilion N GSC/Thorleifson Till
201 44-2-1-T | 110.720834 | 53.771330| 73E | Northern Val | GSC/Thorleifson Til
202 "44-2-2-T | 110.898081 ] 53.881270 | 73E Elk Point GSC/Thorleifson Til 1
203 44-3-2-T [ 110,348147 | 53.342023 | 73E Kitscoty GSG/Thorleifson Til
204 44-4-1-T | 110.052356 | 53.743644 | 73E John L GSC/Thorleifson Till
205 44-4-2-T {110.369679 | 53.716176 ] 73E Heinsburg GSC/Thorleifson Til
206 45-1-1-T | 110.493503 | 52.735051 | 73D Wainwright GSC/Thorleifson Till
207 45-1-2-T | 110.827970 | 52.795336 | 73D Wainwright GSC/Thorleifson Tl
208 45-2-1-T | 110.564018 | 53.236039 | 73E Vomillion GSC/Thorleifson Tl
209 45-2-2-T | 110.953609 | 53.187388 | 73E Vemillion GSC/Thorteifson Til
210 45-3-1-T | 110.249710 | 562.874000 | 73D Wainwright GSC/Thorleifson Till
211 45-4-1-T | 110.278453 | 52.932610; 73D Wainwright GSC/Thorleifson Till
212 46-1-1-T | 110.949088 | 51.939576 ] 72M Consort GSC/Thorleifson LI
213 46-1-2-T | 110.425063 | 51.966948 ) 72M Consort GSC/Thorleifson Till
214 46-2-1-T | 110.517388 1 52.314409 | 73D Provost GSC{Thorleifson Till
215 48-2-2-T | 110.963207 | 52.461036 | 73D Hardisty GSC/Thorleifson Till
216 46-3-1-T [1110.147367 { 51.873550 | 72M Altario GSC/Thorleifson Till
217 46-3-2-T | 110.053335{ 52.062556 | 79D Provost GSC/Thorleifson Till
218 47-1-1-T | 110.564197 { 51.426262) 72M Cyen GSC/Thorleifson Tl
219 47-1-2-T 1 110.847614 | 51.404495| 72M Cyen GSC/Thorleifson Tilt
220 47-2-1-T [ 110.471513] 51.605720 | 72M Oyen GSC/Thorleifson Tilt
221 47-2-2-T [110.971034] 51.743577 | 72M Corcnation GSC/Thorleifson Till 1
222 47-3-1-T | 110.423557 | 51.401377 | 72M Oyen GSC/Thorleifson Till
223 47-3-2-T | 110.038202 | §1.474379 | 72M Oyen GSC/Thorleifson Till
224 47-4-1-T [110.290610] 51.631736 | 72M Oyen GSC/Thorleifson Till
225 47-4-2-T | 110.8382793 | 51.759039 | 72M Oyen GSC/Thorleifson Till
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Sample# | Field Sample# | Longitude © | Latitude © | NTS | Location Name DataSource  |Llithology| AnomalousiGi, G2
226 48-1-1-T 110.507696 | 50.385578 ) 720 Suffield East GSC/Thorleitson Till 1
227 48-1-2-T | 110.842810 ] 50.705784 | 72L | Suffield North | GSC/Thorleifson Tl
228 48-2-1-T 1 110.559235 | 50.742819( 72L | Suffield North | GSC/Thorleifson Tit
229 48-2-2-T [ 110.763202 | 50.765899 | 72L | Suffield North | GSC/Thorleifson il
230 48-3-1-T [ 110.115049 | 50.396753{ 72L Schular GSC/Thorleifson Tilt 2
231 48-3-2-T ] 110.264685 | 50.461639 | 72L Suffield East GSC/Thorleifson Till
232 48-4-1-T ] 110.404223 | 51.007416 | 72L Empress GSC/Thorleifson Till 1
233 48-4-2-T | 110.134267{ 51.038108 | 72L Empress GSC/Thorleifson Till
234 49-1-1-T | 110.530015 | 49.689537 | 72E Cypress Hills GSC/Thorleifson Til
235 49-1-2.T ] 110.758806 | 49.961868 | 72E | Seven Persons | GSC/Thorleifson Till
236 49-2-1-T | 110.483269 | 50.303644 | 72L Bowmanton GSC/Thorleifson Till 1
237 49-2.2.T | 110.956563 | 50.202251 | 72L Reddliff GSC/Thotleifson Till
238 49-4-1-T [ 110.310044 | 50.047309 | 72L Medicine Hat | GSC/Thorleifson Till
240 5-1-1-T 114.435861 | 54.289057 | 83J | Barrhead GSC/Thorleiison Tl
241 5-1-2-T 114.271288 | 53.965368 | 83G Barrhead GSC/Thorleilson Till
242 5-2-1-T 114.005257 | 54.504803 | 83J Fawcett GSC/Thorlsifson Till
243 5-2-2-T 114.379163 | 54.407407 | 83J Vega GSC/Thorleifson Tilt
244 50-1-1-T | 110.807744 | 49.221697 | 72E Pakowki Lake | GSC/Thoreifson Till
245 50-1-2-T | 110.498470] 49.114628 | 72E Onefour GSC/Thorleifson Till 1
246 50-2-1-T | 110.902073 | 49.436801 | 72E Pakowid Lake | GSC/Thoreifson Til
247 50-2-2-T | 110.615029 | 49.633194 | 72E Cypress Hills GSC/Thorleifson Till 1
248 50-3-1-T | 110.148368 | 49.073893 ) 72E Wildhorse GSC/Thorleifson Tilt
249 50-3-2-T {110.243283 | 49.044866 | 72E Wilkdhorse GSC/Thorleifson Till
250 6-1-1-T 114.430090 | 53.564281 | 83G Wabamun GSC/Thorleiison Till
251 6-1-2-T 114.267158 | 53.561566 | 83G Wabamun GSG/Thorleifson Til 1
252 §-2-1-T 114.494171 | 53.908991 | 836G Barrhead GSC/Thorleifson Till
253 §-2-2-T 114.074890 | 53.743146 | 83G | Spruce Grove | GSC/Thorleifson Tilt
254 7-1-2-T 114.5565356 | 52.670459 | 83B Rimbey GSC/Thorleifson Till
255 7-2-1-T 114.233837 | £2.959239 | 838 Pigeon Lake GSC/Thordsifson Til

. 256 8-1-1-T 114.384278 | 52.060373 | 83B Innisfail GSC/Thorleifson Till
257 8-1-2-T 114.529724 | 51.941531 | 820 Garrington GSC/Thorleifson Till
258 8-2-1-T 114.431864 | 52.303650 | 83B Sylvan Lake GSC/Thorleifson Till
259 8-2-2-T 114.347539 | 52.200094 | 83B Syivan Lake GSC/Thorlaifson Tl
260 8-3-1-T 114048572 | 52.111218 | 838 Innisfail GSC/Therleifson Till
281 8-4-2-T 114.045513 | 52.355767 | 83B Gull Lake GSC/Thorleifson Tilt
262 9-1-1-T 114.208422 1 51.159961 | 820 Bowness GSC/Thorlaifson Till
263 9-1-2-T 114.283447 | 51.294844 | 820 Airdrie GSC/Thordeifson Till
264 9-2-1-T 114.589260 | £$1.590235 | 820 Cremona GSC/Thoreitson Till
265 9-2-2-T 114.285115| 51.630358 | 820 Didsbury GSC/Thorlsitson Till
266 9-4-1-T 114.069342 | 51.435388 | 820 Crossfield GSC/Thorleifson Till
267 9-4-2-T 114.084851 | 51.710997 | 820 Oids @SCiThoreifson Tilt
268 NATO2-1 115.045494 | 55.655777 | 830 LSlave L AGS/Font Till
269 NAT92-10 | 117.482651 | 58.907486 | 84K Meander R AGS/Fent Till
270 NAT92-11 | 119.435425 | 58.494476 | 84L Rainbow L AGS/Fent Till
271 NAT92-12 | 117.922272] 58.573204 | 84K High Level W AGS/Fent Till
272 NATO2-13 | 117.470474 | 57.573986 | B4F Kemp R AGS/Fent Till
273 NAT92-14 | 117.542633 | 57.226784 | 84F Hawk Hills AGS/Fent Till
274 NAT92-15 | 117.626968 | 56.930439 | 84C Manning AGS/Fent Till
275 NAT92-16 [ 117.797569 | 56.479240 | 84C Smithmill AGS/Fent T
276 NAT92-17 | 117.802039 | 56.179340 | 84C Brownvale AGS/Fent Till
277 NAT92-18 | 119.869659 | 56.300076 | 84D Boundary L AGS/Fent Till
278 NAT92-19 | 117.902969 | 56.179340 | 84C Brownvale AGS/Fent Till
279 NAT92-2 115.311295 | 566.241127 ] 84B Cranberry L AGS/Fent Tilt
280 NAT92-20 | 116.914932 | 56.379333| 84C Pesaco RE AGS/Fent Till
281 NAT92-21 | 118.050995 | §5.685005 | 83M Birch Hiils AGS/Fent Till
282 NAT92-22 | 119.880760 | 55.25789¢6 | 83M Goodfare AGS/Fent Til
283 NATO2-23 | 117.177483 | 55.179485 ] 83N Valley View AGS/Fent Till
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Sample# | Field Sampie# | Longitude ® | Latitude ® | NTS | Location Name DataSource | Lithology| Anomalous| G1, G2
284 NATS2-24 | 111.057915 | 57.249889 | 74E KearlLE AGS/Fent Till
285 NAT92-25 | 111.403374 | 57.249889 | 74E Kearl L W AGS/Fent Till
286 NAT92-26 | 110.861938 | 55.799088 | 73M Chard AGS/Fent Till
287 NAT92-27 | 110.908915 | 56.246296 | 74D Cheecham AGS/Fent THl
288 NAT92-28 | 111.877754 | 56.077339| 74D SW 1/4 AGS/Fent Till
289 NAT92-29 | 112,187798 | 55.797279| 83P Crow L AGS/Fent Till
290 NAT92-3 | 115.104530| 57.128601 | 84G Wabasca R AGS/Fent Till 1
291 NAT92-30 | 111.666733 | 55.009575 | 73M Heart L AGS/Fent Till
292 NAT92-31 | 111.647591 | 55.038666 | 73M Heart L AGS/Fent Till
293 NAT92-32 ] 110.329117 | 54.422314 | 73L ColdL AGS/Fent Till
294 NAT92-33 | 110.329137 | 54.422314 | 73L ColdL AGS/Fent Tl |
295 NAT92-34 | 116.234718 | 54,977757 | 83K Swan Hills AGS/Fent Till
296 NAT92-4 115.392570 | 57.388626 | 84G Wabasca R AGS/Fent Till |
297 NAT92-5 115.552650 | 57.855755 | 84G Wadlin L AGS/Fent Till
298 NAT92-6 | 116.482430 | 58.542141 | 84K | High Lovel east AGS/Fent Till
299 NATS2-7 §114.554718 | 58.589458 | 84J Wentzil R AGS/Fent Till
300 NATS92-8 | 115.496025 | 58.556770 | 84J Beaver Cr AGS/Fent Til}
301 NAT92-9 | 116.740000 | 60.100000 | 85A NWT AGS/Fent Tik
302 HL93-10 117.914005 | 58.5674983 | 84K | High Level west AGS/Fent Till
303 HL93-11 117.427913 | 58.545908 | 84K | High Level west AGS/Fent Till
304 HL93-4 115.159492 | 58.553159 | 84J | Lawrence Creck AGS/Fent Till
305 HL93-6 116.599871 | 58.520458 | 84K | High Level east AGS/Fent Ti
306 HL93-8 117.469041 | 58.902094 | 84K | High Level north AGS/Fent Tiil
307 HL93-9 117.237134 | 58.716729 | 84K | High Level north AGS/Fent Till
308 NAT93-35 [ 118.502798 | 55.259612 | 83M Kleskun Hill AGS/Fent Till
309 NAT93-36 ] 118.791573 | 55.434174 | 83M | S. Saddie Hills AGS/Fent Till
310 NAT93-37 | 118.380879 | 55.455982 | 83M | Teepee Creck AGS/Fent Tik
311 NAT93-38 | 119.256644 | 55.865966 | 83M Grand Prairie AGS/Fent Tilt
312 NAT93-39 | 114.797688 | 55.444968 |83 O Martin Mtn AGS/Fent Till
313 NATS3-40 | 115.202941 | 55.943092 | 83 O | E. Utikuma Lake AGS/Fent Till
314 NAT93-41 | 115.351913 | 56.033980 [ 84B | N. Utikuma Lake AGS/Fent Till
315 NAT93-42 | 116.012510 | 55.714038 | 83N Salt Prairie AGS/Fent Tilt
316 NAT93-43 | 116.477531 | 55.626762 | 83N | E. Winagami Lk AGS/Fent Till
317 NAT93-44 | 116.981889 | 55.852193 | 83N | N. Kimiwan Lk AGS/Fent Till
318 NATS3-45 |116.825499 ) 55.986723 | 83N Springbum AGS/Fent Till
319 NAT93-46 { 116.812466 ] 56.121254 | 84C | Harmon Valley AGS/Fent Till
320 NAT93-47 | 110.485239 | 56.074121 | 84D Silver Valley AGS/Fent Till
a1 NATO3-48 | 118.700771 | 55.819606 | 83M | Saddie Hills W. AGS/Fent Tilt
322 NAT93-49 | 118.883613 | 57.404592 | 84E | Chinchaga River AGS/Fent Till
323 NAT93-50 | 118.422845| 57.284647 | 84E | Chinchaga Rd AGS/Fent Till
324 NAT93-500 | 114.976950 | 55.339521 | 830 | Lesser Slave Lake AGS/Fent Till
325 NAT93-501 | 115.342733 | $7.273683 | 84G | Wabasca River AGS/Fent ' Till
326 NAT93-502 | 116.266790 | 56.659318 | 84C Haig Lake AGS/Fent Tift
327 NATO3-503 | 116.326510 | 56,542086 | 84C Golden Lake AGS/Fent Till
328 NAT93-51 | 114.541601 | 55.237706 | 83 O| E. Lesser 8. Lk AGS/Fent Till
329 NAT03-52 | 115,220233| 55.339513| 83 O] S.LesserSlave Lk AGS/Fent Till
330 NAT93-53 | 116.865597 | 55.332242 | B3N | N. Snipe Lake AGS/Fent Till
3 NAT93-54 | 116.802771] 55.110438 | 83N | S. Snipe Lake AGS/Fent Tt |
332 NAT93-55 | 118.740789 | 56.361331 | 84D | Montagneuse R. AGS/Fent Till
333 NAT93-56 | 118.997814 | 55.426774 | 84D Clear Hills AGS/Fent Till
334 NAT93-57 | 119.006968 | 56.583099 | 84D Clear Hills AGS/Fent Till
335 NAT93-58 | 119.026920 | 56.670345 | 84D Clear Hills AGS/Fent Tilt
336 NAT93-59 | 119.046873 ] 56.608542 | 84D Clear Hills AGS/Fent Till
337 NAT93-60 | 116.403975} 56.5066311 84C | Cadotte Lake AGS/Fent Till
338 NAT93-61 | 116.101513 | 56.452093 | 84C Little Buffalo AGS/Fent Till
339 NAT93-62 | 115.772750| 56.459370 | 84B Lubicon Lake AGS/Fent Till
340 NAT93-63 | 115.555767 | 56.470267 | 84B Loon Lake AGS/Fent Till
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Sample# | Field Sample# | Longitude ° | Latitude © | NTS | Location Name DataSource | Lithol Anomalous | G1, G2
341 NAT93-64 | 115.118842 | 56.655675 | 84B Red Earth AGS/Fent Till
342 NAT93-65 | 114.826878 | 56.742928 | 84B | Poerloss Lake AGS/Fent Till
343 NATO93-66 | 117.105189 | §7.975252 | 84F La Crete Ferry AGS/Fent il
344 NAT93-67 | 114.512365] 58.585885 | 84J Wentzil River AGS/Fent Til
345 NATO3-68 | 113,973608 | 55.538768 | 83P Pelican Min AGS/Fent Ti
3486 NAT93-69 | 118.646443 | 57.306452 | 84E | Chinchaga Rd Pit AGS/Fent Tit
347 NATS3-70 | 115.349313 | 54.764969 | 834 Swan Hills AGS/Fent Till
348 NAT93-71 | 118.022858 | §7.171979 | 84E | Chinchaga Rd AGS/Fent Tl
349 NATO3-72 | 117.727772]57.121012 | 84F | Chinchaga Rd AGS/Fent T |
350 NAT93-73 | 118.215513 | 56.633992| 84D | Sulphur Lake AGS/Fent Till
351 NATO3-74 | 116.147238 | 56.862901 | 84C Haig Lake AGS/Fent Til
352 NAT93-75 { 116.260155 | 56.659316 | 84C Otter Lakes AGS/Fent Till
363 NAT93-76 {115.244917 | 56.826557 | 84B Loon River AGS/Fent Till
354 NATO93-77 | 115,080082 ) 57.175534 | 84G | Wabasca River AGS/Fent Tl ]
355 NAT93-78 | 115.335099 | 57.622666 | 84G Senex Creek AGS/Fent Tk
356 NAT93-790 | 116.257624 | 57.962514 | 84F | Buffalo Hd Hills AGS/Fent Til
357 NAT93-80 | 111.006795 | 57.531475 | 74E Firebag River AGS/Fent Riv sand
358 NAT93-81 | 111.029191 | 57.462403 | 74E Firebag River AGS/Fent Till
359 NAT93-82 | 110.454578 | 57.338768 | 74E Firebag River AGS/Fent Till
360 NAT93-83 ! 110.745265 | 57.404221 | 74E Fiebag River AGS/Fent Till
361 NAT93-84 | 111.202795]57.647831 | 74E Firebag River AGS/Fent T |
362 NAT93-85 | 111.004878 | 57.622381 | 74E Marguerite R AGS/Fent Riv sand
363 NAT93-86 | 111.496257 | 57.564205 | 74E Fort McKay AGS/Fent Til |
364 NATE3-87 | 111.562086 | 57.182424 | 74E | Muskey River AGS/Fent Riv sand
365 NATE3-88 | 111.501796 | §7.076978 | 74E Saline Lake AGS/Fent Till
366 NAT93-890 | 110.677291 | §7.620659 | 74E | Johnson Lake AGS/Fent Tit
387 PR93-10 | 117.959329 | 56.015809 | 84C | Peace R south AGS/Fent Til
368 PR93-13 | 117.881135 | 55.899470 | B3N | Winagami North AGS/Fent Til |
369 PR93-3 117.153553 | 56.452093 | 84C | Peace R south AGS/Fent Till
370 PR93-6A | 117.330067 | 55.615856 | 83N Peavine AGS/Fent Till
37N PRO3-6B | 117.330097 | 55.615856 | 83N Peavine AGS/Fent Till
a72 B-1 113.800640 | 53.691129 | 83H Villineuve GSC/Baflintyne | RivS&G
373 B-2 114.163087 | 53.633880 | 83G Eden Lake GSC/Ballintyne | RivS&G
374 B3 114.875051 | 53.604795 | 83G Evansburg GSC/Ballintyne | RivS&G
375 B-4 114.924141 | 53.500245 | 83G Pembina R GSC/allinyne | RivS&G
376 B-5 116.543000 | 53.381000] 83F | McLood River GSC/Ballintyne | RivS&G
377 86 116.618096 | 53.459203 | 83F | Embarmas River | GSC/Ballintyne | RivS3G
378 B-7 117.278713 | 53.284697 | 83F | McLeod River GSC/Ballintyne | RivS&G
379 B-8 117.497887 | 53.197386 | B3F Gregg River | GSC/Ballintyne | RivS4G
380 B-g 117.108255 | 53.139182 | 83F | MclLood River GSC/Ballintyne | RivSaG
381 B-10 117.010851 | 53.168290 | 83F | Embamas River | GSC/Ballintyne | RivS&G
382 B-11 116.816040 | 53.066430 | 83F Lovett River GSC/Ballinyne | RivS&G
383 B-12 116.576007 | 52.935477 | 83C | PembinaRiver | GSC/Ballintyne | RivS3G
384 B-13 116.551941 | 52.877280 | 83C | Brazeau River | GSC/Ballintyne | RivS&G
385 B-14 116,547000 | 52.788000 | 83C | Cardinal River GSC/Ballinyne | RvS&G
386 B-15 116.310373 | 52.702651 | 83C | Blackstone River | GSC/Ballintyne | RivS&G
387 B-16 116.012643 | 52.280634 | 83C | North Ram River | GSC/Ballintyne | RivSaG
388 B-17 116.340043 | 52.382510] 83C | CrescontFalls | GSC/Ballintyne | RivSaG
389 B-18 115,965084 | 52.207856 | 83B | Cripple Creek GSC/Ballintyne | RivS&G
390 B-19 115.846186 | 52.076873 | 838 Ram River GSC/Ballintyne | RivSsG
391 B-20 115.275479 | 52.251520 | 83B Prairie Creok GSC/Ballintyne | RivS&G
392 B-21 115.410000 [ 52.280000 | 83B | Main Ram River | GSC/Ballintyne | RivS&G
393 B-22 115.429327 | 52.367953 | 83B | N.Saskatchewan R| GSC/Ballintyne | RivS&G
394 B-23 115.573124 | 52.557134 | 83B | Baptiste Creek | GSGC/Ballintyne | RivS&G
395 B-24 112.805693 | 51.479347 | 82P | RedDeer River | GSC/Ballintyne | RivS&G
396 B-25 $12.4776858 | 51.33382% | 82P |E Coules Beach Sd| GSC/Ballinlyne | RivS&G
397 B-26 110.339150 | 53.662031 | 73E | N.Saskatchewan R| GSC/Ballintyne | RivSaG
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Sampk_:# Field Sample# | Longitude ° | Latitude ° | NTS | Location Name DataSource Lithology| Anomalous | Gt, G2
398 B-27 110.539977 | 53.778430 | 73E | Heinsburg Bridge | GSC/Ballintyne | RivS8G
399 |- B-28 110.911260 | 53.851168 | 73E | Ouwash Grvl Pit | GSC/Ballintyne | RivS&G
400 B-29 111.072000 | 53.817000 | 73E N.Sask R GSC/Ballinyne | RivS3G
401 —|~ B30 111.233038 | 53.749325 | 73E N.Sask R GSC/Ballinyne | RivS3G
402—|~— B8-31 111.703332 | 53.792967 | 73E N.Sask R GSC/Ballintyne | RivSsG
403°-} "~ "B-32 112.198378 | 63.982118 | 83H N.Sask R GSC/Ballintyne | RivS&G
404 B33 | 112.520160 | 53.982119 | 83H N.Sask R GSC/Ballintyne | RivS4G
405 T B-34 112.792437 | 64.054862 | 831 N.Sask R GSC/Ballinyne_| RivS8G
406 |~ B-35  |112.990456|53.880264 | 83H | Vinca Bridge | GSC/Balfinlyne | RivS&G
407 -| - B-3 113.236000 | 53.705678 | 83H | F1. Saskatchewan | GSC/Ballintyne | RivS&G
408 |~ 5854 _ |113.202302|50.678920 | 82i | Arrowwood | AGS/D.Edwards | Ter S&G
409 |~ 3913 | 112.833202] 50.853577 | 82l Cluny AGS/D.Edwards | Ter S&G
410" 4213 | 110.221554 | 49.587365 | 72E | CypressHills | AGS/D.Edwards | Ter S4G
411 5570 | 112.777942|490.034274 [ 82H |  Del Bonita | AGS/D.Edwards | Ter S&G
412 | — 6424 |114.973241]53.590233| 83G |  Entwhistie | AGS/D.Edwards | Tor S8G
4131 €692 | 117.504003|66.237501| 84C | Grimshaw | AGS/D.Edwards | Ter S8G
414 |- 6816__ | 118.630683 | 57.313717 | 84E | Haiverson Ridge | AGS/D.Edwards | Ter S&G
415 ~|—-6808 | 112.360778 | 51.523008) 62P | HandHills | AGS/D.Edwards | Ter 3G
416 | 6106 _ | 113.830098 ] 52.497986 | 83A Lacombe AGS/D.Edwards | Ter S4G
417-—| 6422 | 114.875041 | 63.604783 | 83G Magnolia AGS/D.Edwards | Ter S4G
41815669 _ | 112.819853 | 40.354485 | 82H Magrath AGS/D Edwards | Ter SAG
419 —| 5812 | 113.980350 | 50.475179| 82| Nanton AGS/D.Edwards | Ter S8G
420" | ~ 3915  {117.501901)|53.575679| 83F | Obed Min | AGS/D.Edwards | Ter S&G

~ 421" "[-"6824  {113.973608 | 55.538768 | 83P | Pelicin Mtn. | AGS/D.Edwards | Ter S3G
4221 6566 | 112.055004|49.077932| 82H | PetersCk. | AGS/D.Edwards | Ter S&G
423~°|-- 4028 | 118.169123|55.132343 | 83M | Simonette R | AGS/D.Edwards | Ter S&G
424 -{—-3914 | 116.289900 | 54.404946 | 83L | Smoky Tower | AGS/D.Edwards | Ter S&G
425 ~|--3973 | 115.375553 | 54.754055 | 83J SwanHills | AGS/D.Edwards | Tor S&G
426 | - 3075 |113.800640 | 53.676584 | 83H |  Villencuve | AGS/D.Edwards | Ter S4G 2
427 -|' -4212 | 117.633621 §5.714031 | 83N Watino AGS/D.Edwards | Ter S&G
428 "| 6573 | 115.723903 | 54.026694 | 83J | Whitacourt Mtn | AGS/D.Edwards | Ter S4G
429 | -e811 112.459266 | 51.231953 | 82P | Wintering Hills | AGS/D.Edwards | Ter S&G
430 64247 | 114.973241[53.500333 | 83G |  Entwhistle | AGS/D.Edwards | _ Till
431 | 3WGK001 | 114.1268069 | 49.285278 | 82G | PincherCroek | S AlbtaRiftProj | Fluvial
432—| 3WGKO04 | 114.104997 | 40.209740 | 82G | Pincher Croek | S AlbtaRiftProj | Fluvial
433 | 3WGK005 | 114.082762]49.309164 | 82G | Pincher Creek | S AlbtaRiftProj | Fiuvial
434 -] 3WGKO06 | 114.340466 | 40.314620| 82G | Grizzly Croek | S AlbtaRiftProj | Fluvial
435 | 3WGKO09 {114.672038)50.124045| 82J | Oldman Rtibu | S AlbtaRiftProj | Fluvial
436 ~| 3WGK010 | 114.675202]50.119949| 82 | Oidman River | S AlbaRiftProj | Fluvial
437 | 3WGKO11 | 114.662992|50.117569| 82 | Oldman River | S AlbtaRiftProj | Fluvial
438--| 3WGK012 | 114.335130| 49.298765| 82G | Grizzly Creek | S AlblaRiftProj | Fluvial
439° + B 111.101776 | 59.749129 | 74M | Shicki NEAha | GSC/Bednarsky | Till
440 - B2 110.600227 | 59.098906 | 74M | Shield NEAlta | GSC/Bednarsky |  Till
441 83 110.563016 | 50.693389 | 74M | Shield NEAa | GSC/Bednarsky | _ Till
442 B4 110.135478 | 59.891433 | 74M | Shioki NEAka | GSC/Bednarsky |  Til

443 - B85 111.143836 | 59.470471| 74M | ShiekiNEAka | GSC/Bednarsky | Tl
444 - | B6 110.174268 | 59.677470 | 74M | Shieski NEAka | GSG/Bednarsky | Tl
445 B7 110.414121 | 59.348885 | 74M | ShiekiNEAlta | GSC/Bednarsky |  Til
446 B8 110.812348 | 59.551247 [ 74M | Shiold NE Alta | GSC/Bednarsky |  Till
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G7.9,10,11 | Kimberlitic| G3, G4, G6| G5 Eclogitic| Chrome | Chromites| Picro- Total Other
4 4
3 3
4 4
3 5 1 6
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