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Abstract

A preliminary stratigraphic framework is presented for the uppermost Cretaceous strata of the
southeastern Buffalo Head Hills, north-central Alberta. The stratigraphy is based on the study of
sedimentary rock cores from 14 drillholes that evaluated 10 separate kimberlite targets within the Buffalo
Head Hills kimberlite field. These descriptions and interpretations will serve as a basis for stratigraphic
correlation of individual and inter-field kimberlite targets, and provide a better understanding of
kimberlite-host rock relationships required to assess potential mechanisms of kimberlite emplacement.

The oldest sedimentary rocks in the area belong to the Albian Fort St. John Group. The youngest
sedimentary rocks in the area belong to the Campanian Wapiti Group and are apparent in a stratigraphic
study hole drilled collaboratively by the Geological Survey of Canada and Alberta Geological Survey.
The kimberlites appear to be hosted within lower Cenomanian to Campanian strata, time equivalent to
the Shaftesbury and Dunvegan formations, Smoky Group and Wapiti Formation.

Sedimentological interpretation of the selected cores suggest uppermost Cretaceous Buffalo Head

Hills paleoenvironments ranged from lower shoreface below wave base to tidal flat/channel to fluvial
(continental) environments. Based on radiometric emplacement ages (Eccles et al., in press a) and
palynostratigraphic determination (Sweet et al., in prep.) of kimberlite and mudstone in the Buffalo Head
Hills kimberlite field, it is suggested that the tidal flat/channel to fluvial (continental) environments were
predominant during emplacement of the majority of the kimberlites in the Buffalo Head Hills.
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1 Previous Work and Introduction

As of May 2007, 48 occurrences of kimberlitic rocks have been discovered in three separate regions of
northern Alberta: two occurrences are located at Mountain Lake in northwestern Alberta, 38 occurrences
are located on the southeast flanks of the Buffalo Head Hills in north-central Alberta and 8 occurrences
are located in the Birch Mountains area of northeastern Alberta. Since the mid-1990s, the Alberta
government has been involved in a focused effort at regional and thematic characterization of provincial
kimberlitic deposits (e.g., Dufresne et al., 1996; Skupinski and Langenberg, 2002; Paganelli et al., 2003;
Eccles 2004; Eccles et al., 2003, 2004, in press a, b) and associated sedimentary rocks (e.g., Dufresne et
al., 2001; Chen and Olson, 2005; Pawlowicz et al., 2005a).

A collaborative initiative to study the relationships between northern Alberta kimberlites and their
respective host rocks was recently undertaken by the Geological Survey of Canada (GSC), Alberta
Geological Survey (AGS) and industry. This report presents the stratigraphic context and facies
interpretations for the sedimentary rocks surrounding the Buffalo Head Hills kimberlite occurrences
for which drillcore was available. In this study, unlike previous regional wireline cross-section work
(i.e., Chen and Olson, 2005) the stratigraphic context of the host rocks for individual kimberlites has
been determined using bedrock cores. These descriptions and interpretations will serve as a basis for
correlation within and between individual kimberlite targets. In addition, incorporation of sedimentary
host rock interpretations presented herein will support future exploration in Alberta and western North
America by enhancing bedrock geology and Cretaceous stratigraphy in northern Alberta.

2 Purpose and Methods

The primary objective of this study is to present a preliminary stratigraphic framework based on
regional wireline log picks from Chen and Olson (2005) and the study of 30 drillcores that represent

the sedimentary rock hosting selected Buffalo Head Hills kimberlite occurrences (Figure 1; Table 1;
Appendix 1). The sedimentary rock cores from 30 drillholes were donated by Ashton Mining of Canada
Ltd. (currently Stornoway Resources Ltd.). These drillholes were used to evaluate 10 separate kimberlite
targets, the sedimentary portion of which is presently archived at the ERCB/AGS Mineral Core
Research Facility (MCRF) in Edmonton, Alberta. After drillcore logging, digital photography and facies
description, the facies were combined into larger-scale facies associations; these larger-scale associations
were then used to interpret the depositional setting of the host strata for the kimberlite bodies.

The original drill logs as made publicly available by Ashton (Skelton and Bursey, 1998, 1999) are
presented in Appendix 1, together with the detailed sedimentary core logs from this study. Both the
Ashton and detailed logs were combined for selected kimberlite targets to form representative structure
sections; these are presented as figures throughout this report. In addition to the Ashton drillholes,
drillcore from a 2004 stratigraphic study hole, which was drilled collaboratively by the GSC and AGS,
are presented in Appendix 1 and discussed here.

The regional stratigraphic framework of the Buffalo Head Hills—Peerless Lake area was modeled by Chen
and Olson (2005). In building their wireline log framework, it was noted that many of the wells in the
Buffalo Head Hills region do not have suitable logs for picking the uppermost Cretaceous stratigraphic
tops. Wells that were unsuitable for picking stratigraphic tops in the shallow, near-surface zones include
three types: old wells with poor logs, wells that were too deep (i.e., cased through the Late Cretaceous)
and wells that showed unusual log responses. Over 50% of the wells in the area were cased below the
uppermost Late Cretaceous formations of interest; it is difficult to pick tops through casing.

ERCB/AGS Geo-Note 2008-02 (March 2008) « 1
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Figure 1. Kimberlite rock occurrences within the Buffalo Head Hills kimberlite field on the bedrock geology base map (Hamilton et al., 1999). Bedrock abbreviations
Ksh, Ks and Kd reference middle to Upper Cretaceous bedrock units Shaftesbury Formation (shale and silty shale), Smoky Group (shale and silty shale and
Dunvegan Formation (sandstone).
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Table 1. Location, survey data and apparent dip corrections for Buffalo Head Hills kimberlite field cores used in the present study

UTM UTM UTM | UTM Unique well Elevation | Core Collar Bedding Attitude Dip in Degrees | End of | Cosine True Surficial Material | True Thick
Thick

Target | Drillhole Easting Northing Zone Datum identifier (masl) Orientation Incline To Core Axis (TCA) | [90 - TCA] Hole (m) | [90 - TCA] EOH (m) | Overburden (m) Overburden
KI1A DDHI1A-1 569562 6284752 11 27 08-08-089-12W5 | 733 Vertical -90 60 30 160.2 0.866 138.7 20.42 17.68
KI1A DDHIA-3 569563 6284751 11 27 08-08-089-12WS5 | 733 Inclined -58 67.5 22.5 78.3 0.924 72.33 35.1 32.43
KSA DDHS5A-1 582687 6306035 11 27 08-14-091-11W5 | 634 Vertical -90 45.5 44.5 139.3 0.713 99.35 14.3 10.2
KSA DDHS5A-5 582333 6306058 11 27 07-14-091-11W5 | 682 Vertical -90 N/D* 90.52 90.52 8.53 8.53
K5A DDHS5A-6 582334 6306058 11 27 07-14-091-11W5 | 683 Inclined -58 45 45 96.62 0.707 68.32 8.63 6.1
K5A DDHS5A-7 582488 6306213 11 27 10-14-091-11W5 | 687 Inclined -58 55.5 34.5 1271 0.824 104.74 4.5 371
KSA DDHS5A-8 582488 6306212 11 27 10-14-091-11WS5 | 687 Inclined -80 55 35 127.1 0.819 104.12 3.96 3.24
KSA DDHS5A-9 582442 6305766 11 27 07-14-091-11WS [ 659 Vertical -90 N/D 72.26 72.26 56.99 56.99
KS5A DDHS5A-10 582490 6306217 11 27 10-14-091-11W5 | 688 Inclined -58 75 15 154.5 0.966 149.23 4 3.86
K5B DDH5B-1 582812 6306408 11 27 09-14-091-11W5 | 633 Vertical -90 N/D 148.43 148.43 49.7 49.7
K6 DDH6-7 585549 6308383 11 27 15-19-091-10W5 | 574 Inclined -60 53 37 160.62 0.799 128.27 85.5 68.28
K6 DDH6-10 585262 6308732 11 27 15-19-091-10W5 | 574 Inclined -75 N/D 197.2 197.2 30.48 max 30.48
K6 DDH6-12 585515 6308573 11 27 15-19-091-10W5 | 600 Vertical -90 N/D 101.19 101.19 N/D N/D
Ké6D DDH6D-1 585334 6307691 11 27 06-19-091-10W5 | 579 Vertical -90 80 10 108.81 0.985 104.98 93.57 92.15
K6E DDH6E-1 585927 6309409 11 27 08-30-091-10W5 | 569 Vertical -90 80 10 93.57 0.985 92.15 81.38 80.14
K14 DDHI14-6 583162 6315101 11 27 04-13-092-11W5 | 605 Vertical -90 N/D 114.9 114.9 N/D N/D
K14 DDH14-7 583162 6315101 11 27 04-13-092-11W5 | 605 Inclined -60 61 29 245.96 0.875 215.12 N/D N/D
K14B DDHI14B-1 582820 6315277 11 27 04-13-092-11W5 | 620 Vertical -90 75.5 14.5 89 0.968 86.16 12.87 12.46
K14B DDHI14B-3 582820 6315277 11 27 04-13-092-11W5 | 620 Vertical -90 N/D 92.05 92.05 21.33 21.33
K14B DDH14B-4 582820 6315277 11 27 04-13-092-11W5 | 620 Inclined -60 62.5 27.5 95.05 0.887 84.31 22.24 19.73
K14C DDH14C-1 583029 6315357 11 27 04-13-092-11W5 | 610 Vertical -90 35 55 81.83 0.819 67.04 14.7 12.04
K14C DDH14C-2 583029 6315357 11 27 04-13-092-11W5 | 609 Inclined -70 N/D 87.47 max 87.47 | 19.81 max 19.81
K14C DDHI14C-3 583029 6315357 11 27 04-13-092-11W5 | 609 Inclined -70 75.5 14.5 82.9 0.968 80.26 18.9 18.28
K14C DDH14C-4 583029 6315357 11 27 04-13-092-11W5 | 609 Inclined -75 N/D 69.19 max 69.19 | 24.75 max 24.75
K14C DDHI14C-5 583029 6315357 11 27 04-13-092-11W5 | 609 Inclined -60 60 30 58.52 0.866 50.68 21.94 19
K14C DDH14C-6 583029 6315357 11 27 04-13-092-11W5 | 609 Vertical -90 60 30 69.19 0.866 59.92 27 23.38
K14C DDHI14C-7 583029 6315357 11 27 04-13-092-11W5 | 609 Inclined -70 60 30 76.8 0.866 66.51 24.38 21.11
K19 DDH19-1 575033 6289102 11 27 03-25-089-12W5 | 735 Vertical -90 N/D 133.19 133.19 5.09 5.09
K91B DDH91B-1 581386 6316531 11 27 13-14-092-11W5 | 667 Vertical 0 72.5 17.5 93.57 0.954 89.24 48.2 45.97
Strat DDH302-1 619871 6319547 11 27 01-27-092-07WS5 | 490 Vertical -90 60 30 168.9 0.866 146.27 N/D N/D
well
Strat BHHO04- 577884 6300970 11 27 05-32-090-11W5 | 777 Vertical -90 N/D 105.16 105.16 N/D N/D
well KHR-2

*N/D not determined
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In some cases, wells occur in areas proximal to mapped kimberlites, but it is unknown whether these
wireline logs relate to unmapped kimberlite zones or to other geophysical targets in the area. To obtain
correlation between oil and gas wireline logs and logs from kimberlite target drillcore, the apparent
thicknesses and drillcore depths from the Ashton logs were converted to true thicknesses and true
vertical depths to correct for inclined drillholes (Table 1). Comparisons between the drillcore logs and

the wireline logs were done by comparing the elevations of the drillcores to the elevation data on the
structural log sections; these were obtained by subtracting the depth of given markers to the kelly bushing
(KB) elevation (since all depths are above sea level).

3 Stratigraphic Nomenclature and Context

The stratigraphic nomenclature in north-central Alberta is largely formalized although it has evolved
over the years (Glass, 1990; Sweet et al., in prep.). Regional east-west cross-sections across the Buffalo
Head Hills is given in Chen and Olson (2005). In the Buffalo Head Hills area, the Lower Cretaceous and
younger units form a uniform blanket of successions and were unaffected by glaciation. The top of the
Spirit River Group (Notikewin sandstone) and the top of the Harmon Formation (Harmon shale) were
picked, while the underlying units in the Fort St. John Group were not (due to the stratigraphic datum
being Harmon shale). Other overlying units picked on wireline logs include, from base to top, the Cadotte
(or Paddy-Cadotte), Fish Scales zone of the Shaftesbury Formation (Figure 2), and units that could

not be reliably identified as they were masked behind casing. For the present study area, the overlying
successions of the Dunvegan Formation and Smoky Group are either not preserved or are masked by well
casings, and therefore, not easily discernable on conventional wireline logs. In some locations, strata from
the Dunvegan Formation or Kaskapau Formation (Smoky Group) were recovered in drillcore.

3.1 Spirit River Formation

The Spirit River Formation is Middle Albian in age and unconformably overlies the Devonian Banff or
Wabamun carbonate successions in the area. The Spirit River Formation is equivalent to the Clearwater
and Grand Rapids formations of northeastern Alberta, and correlates with the Moosebar-Gates
formations of northeastern British Columbia (Figure 2; Alberta Energy and Utilities Board, 2002; Alway
and Moslow, 1997). The uppermost part of the Spirit River Formation consists of the Notikewin Member,
which is a yellowish and greenish-grey, fine to medium-grained clayey sandstone, with interbeds of

light to dark-grey shale and siderite. There are traces of glauconite in the sandstone and, locally, well-

preserved trace fossils. Rare ammonites occur within the uppermost sandstone, mainly as resedimented
shells.

3.2 Harmon Member, Peace River Formation

The Middle Albian Harmon Member of the Peace River Formation ranges in thickness from 120 m in
western Alberta to less than 10 m in the Peace River area, and unconformably overlies the Spirit River
Formation (Figure 2; Glass, 1990). The Harmon Member may be correlative, in part, to the portions of
the Mountain Park Formation in central Alberta (Glass, 1990). The Harmon Member consists largely of
non-bioturbated, marine shale with lesser amounts of finely interbedded, very fine-grained sandstone
and siltstone. It is thought to have been deposited in an offshore-marine setting and, through the use of
biostratigraphy, has been dated as older than the Joli Fou shale (Caldwell et al., 1978). Locally, bentonites
are common within the Harmon Member, where they may be interbedded with thin sandstones and
siltstones. Trace fossils are locally common where there are coarser interbeds. Sandstone beds increase
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. NW Plains
Period | Epcoh Age (Ma) and Foothills
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Campanian
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clastic wedges:
Bad Heart
Cardium
Pouce Coupe

86 Doe Creek

Coniacian 88
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Member

Shaftesbury Fm.
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Paddy -
PPt B
LY RN SR,

Cadotte

Harmon

Albian

Early

Peace R. Fm.
Fort St.

Spirit
River

Figure 2. Detailed stratigraphic nomenclature for foothills and plains regions of the Western Canada
Sedimentary Basin (WCSB), with age given in million of years (Shaftesbury Formation modified from Bloch

et al., 1993).

in thickness and frequency toward the top of the Harmon Member, where it is conformably overlain by
sandstones of the Cadotte Member of the Peace River Formation. The top of the Harmon Member is often
used as a stratigraphic datum because its log response is a diagnostic marker unit with this zone of strata.
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3.3 Cadotte (or Paddy-Cadotte) Member, Peace River Formation

The Cadotte and Paddy members form the upper part of the Peace River Formation and extend
continuously from the Rocky Mountains east to central Alberta, where they appear to be correlative
with the Joli Fou Formation (Figure 2). The Paddy is a non-marine succession (estuarine-incised valley
fills, fluvial and coastal plain successions) of the Peace River Formation, whereas the Cadotte is more
of a marine unit (largely shoreface sandstones) with an irregular and siderite-cemented disconformity
separating the two (Glass, 1990; Reinson et al., 1994). In drillcore, the Paddy Member sandstones

are compositionally immature (mainly lithic-dominated, with a high shale content), whereas Cadotte
sandstones are more mature, quartz-dominated, with local concretions. Locally ammonite and bivalve
(Inoceramus) shells occur within the sandstone beds. In the present study, the Paddy Member was
generally not recognized, but with further exploration it may be possible to recognize locally preserved
remnants of the unit. The Cadotte Member sandstone is disconformably overlain by the Shaftesbury
Formation (Reinson et al., 1994).

3.4 Shaftesbury Formation (and Fish Scales Member)

In northern Alberta, the Shaftesbury Formation marine shale succession underlies much of the lowlands
adjacent to the Peace, Hay and Chinchaga Rivers in the west, and extends eastward around the lower
slopes of the Caribou Mountains, Buffalo Head Hills and northeastern margin of the Birch Mountains.
The Albian to Cenomanian Shaftesbury Formation (Leckie et al., 1990, 1992) belongs to the Fort St.
John Group, is disconformable to unconformable with the underlying Peace River Formation, and

is conformable with the overlying Dunvegan Formation (Figure 2; Glass, 1990; Reinson et al., 1994;
Bhattacharya, 1994).

The Shaftesbury Formation includes a fish scale and bone-dominated ‘central layer’ that serves to
divide the formation into three lithostratigraphic units: the lower Westgate, Fish Scales and uppermost
Belle Fourche members (Bhattacharya, 1994). By contrast, Bloch et al. (1993) in their regional study of
the Western Canada Sedimentary Basin (from the Peace River Arch in Alberta to southern Manitoba)
identify the same units (Westgate-Fish Scales and Belle Fourche) as different formations within the
Colorado Group (Bloch et al., 1993; Figure 2). The lowermost Westgate Member is largely light to dark
grey mudstone with black, blocky, sulphur-rich mudstone. This contrasts markedly with the uppermost
Belle Fourche succession, which comprises alternating light grey to light olive-grey mudstone, fine to
very fine sandstone and siltstone with thin interbeds of bentonite and minor siderite.

One of the most important units for regional correlation is the Fish Scales Member, which marks the
contact between the Lower and Upper Cretaceous and is commonly used as a regional stratigraphic
datum within Cretaceous successions of Alberta. However, in the present study area, the Fish Scales zone
is either not frequently intersected by the wells or this marker is obscured by casing. Therefore, the top of
the Harmon Member is often used as a stratigraphic datum because it generally can be picked on wireline
logs from most wells.

3.5 Dunvegan Formation

The Dunvegan Formation is exposed in the Peace River area, the Buffalo Head Hills, the Caribou
Mountains and the northern margin of the Birch Mountains. This middle Cenomanian (lowermost Upper
Cretaceous) lithostratigraphically defined unit comprises an extensive, southeasterly thinning, sandy
clastic wedge that is confined to northwestern Alberta, northeastern British Columbia, and as far north
as the Northwest Territories. The Dunvegan Formation is underlain by the Shaftesbury Formation, and
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overlain by the Kaskapau Formation of the Smoky (Alberta) Group (Figure 2; Bhattacharya, 1988). The
Dunvegan has a gradational, locally diachronous, lower and upper contact with the Shaftesbury and
Kaskapau formations (Bhattacharya, 1988, 1994). The Dunvegan Formation consists of marine and
nonmarine sandstone, interbedded with shale, coquinas and coal. Sandstones are yellow/buff to light
grey, and may be crossbedded or massive. Because the Dunvegan succession is mainly behind casing in
the oil and gas wells, it is difficult to pick this unit on wireline logs.

3.6 Kaskapau Formation

The Kaskapau Formation—Iatest Cenomanian to early Turonian—occurs at the base of the Smoky
(Alberta) Group and contains a series of five northeast-trending, shingled (back stepping), shallow-marine
sandstone bodies encased in marine mudstone (Wallace-Dudley and Leckie, 1993). In central Alberta, it
is equivalent to the Blackstone Formation, while to the northeast correlates to the Second White Specks
Formation of the Colorado Group (Figure 2). In the study area, the Kaskapau Formation has a gradational
lower contact with the Dunvegan Formation. It is unconformably overlain by Quaternary deposits or

by Campanian strata most likely belonging to the Wapiti Formation (Eccles et al., 2001; Pawlowicz

et al., 2005a; Sweet et al., in prep.). Further to the west and northwest, the Kaskapau Formation is
disconformably overlain by sandstone of the Bad Heart Formation (Plint, 1990; Weiss et al., 2005). The
Kaskapau Formation consists mainly of dark grey, fissile shale with ironstone concretions. Sandstones
occur at or near the base and as thin beds near the top of the formation. The Kaskapau succession is
mainly behind the cased interval in the oil and gas wells, and therefore, is difficult to pick on wireline
logs.

3.7 Wapiti Formation

In northwestern Alberta, the lower Wapiti Formation is approximately 1100 m thick in northwestern
Alberta and lies stratigraphically above the Puskwaskau Formation (Figure 2; McMechan and Dawson,
1995). The Wapiti is not presently mapped in the Buffalo Head Hills area (Hamilton et al., 1999) and as
such, has not been identified on wireline logs. However, several studies have recognized a component

of Campanian strata based on palynology of the few surface exposures of bedrock within the Buffalo
Head Hills kimberlite field (Eccles et al., 2001; Pawlowicz et al., 2005a). This hypothesis has been
verified by Sweet et al. (in prep.), who suggest the maximum age of deposition is likely about 78 Ma. The
Wapiti group is generally composed of light grey, fine-grained, interbedded silty mudstone, siltstone and
sandstone.

3.8 Quaternary

The Quaternary succession was described if it was recovered in Ashton drillcore. Most of the facies
are glacial till (diamict), with less common occurrences of subglacial or glaciofluvial outwash,

and glaciolacustrine units. Due to the restricted drillcore coverage and recovery of the Quaternary
succession in the core, it was not possible to map or correlate these facies separately. A full description
and interpretation of the origin of the Quaternary successions is given in Trommelen et al. (2006). The
importance of understanding the Quaternary history of the area in relation to kimberlite exploration is
summarized by Fenton et al. (2003), Prior et al. (2005) and Pawlowicz et al. (2005b).
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4 Description of Drillcores

41 Summary of Oil and Gas Wells

In the northern part of the Buffalo Head Hills kimberlite field, only two wells (02/16-30-092-11W5/2 and
05-26-092-11W5) have uncased sections that intersect the top of the Shaftesbury Formation. There are
slight differences between the structural and stratigraphic sections in the subsea elevations of the Spirit
River, Cadotte and Fish Scales for the 15-23-092-11W5 well. Otherwise, all stratigraphic picks are readily
discernable with sedimentary packages having relatively uniform thicknesses across the area.

The middle part of the Buffalo Head Hills kimberlite field correlates with the wireline log cross-section
AA’ of Chen and Olson (2005). The casing for individual wells is generally deep and it is only possible
to detect the top of the Shaftesbury Formation with confidence in two wells: 16-21-091-11W5 and
11-34-091-11W5. Most of the units show very little variation in thickness or subsea elevation across the
area.

Casings for individual wells in the southernmost part of the Buffalo Head Hills kimberlite field are
deeper than those of the north, so that the topmost pick discernable on logs is the Fish Scales. Relative to
the Harmon datum, both the Cadotte and Fish Scales vary, with a possible paleotopographic high present
in well 08-06-089-12W5. This interpretation raises the possibility of an up-faulted horst in the southern
part of the field; a feature that would explain both the enhanced stratigraphic thickness and repeated units
in some of the drillcores recoverd in this area.

4.2 Kimberlite Target K1A in Township 89, Range 12, W 5th Meridian

Drillcores from the kimberlite target K1A (DDH97-1A-1 and DDH97-1A-3) intersected an apparent depth
of 160.2 m drilled at an elevation of 732.5 m asl that represents a true stratigraphic thickness between 72
m and 139 m, including an overburden thickness between 18 m and 33 m (Table 1). Oil and gas wireline
log cross-sections in the vicinity of the K1A body do not have suitable logs for picking the uppermost
Cretaceous stratigraphic tops (Chen and Olson, 2005). Palynological determinations on the same cores
used in this study, indicate the presence of a major depositional hiatus between Cenomanian-Turonian
and Coniacian-Santonian mudstone successions (Sweet et al., in prep.). Using the Ashton drill log
descriptions combined with the drillcore logged in the present study (Appendix 1), a composite structural
section was built for the DDH97-1A-1 and DDH97-1A-3 drillholes (Figure 3).

In the stratigraphically higher DDH97-1A-3 drillcore, thick till overlies a thin kimberlite zone. On the
Ashton drill logs, carbonate veinlets occur throughout the kimberlite zone, ranging from 0.2 cm to 3

cm in diameter. The concentration of veinlets within the kimberlite is usually < 3 vol. %, but, in rare
instances (e.g., from 40.4 m to 41.76 m core depth), the concentration of carbonate veinlets and carbonate
alteration is so high that the rock has turned light grey. The mudstone in DDH97-1A-3 is interpreted

as mainly lower shoreface bioturbated mudstone, locally pyritic, with low angle to parallel and graded
laminations. This unit disconformably overlies a deeper marine, bioturbated and well-laminated
mudstone succession, and grades up into a thin, sandy, coarsening-up succession that is capped by a
bentonite.

In the stratigraphically lower DDH97-1A-1 drillcore, there is a thinning of overburden, and an
enhanced thickening of kimberlitic rocks (Figure 3). The main kimberlite zone overlies a 4-5 m thick
interval of interbedded kimberlite and clastic sediment, although this core was not available for study.
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Figure 3. Simplified drillcore section for the kimberlite K1A target to illustrate inter-hole relationships and
depositional environment. Datum is sea level. Detailed sedimentary core log interpretations are in Appendix 1.

The underlying succession consists of lower shoreface laminated siltstone and mudstone, which are
interpreted as marine embayment deposits.

4.3 Kimberlite Target K1B in Township 92, Range 11, W 5th Meridian

Only the lower part of the DDH97-1B-1 drillcore (from about 140 m to 155 m drillcore depth) was
available at the MCRF for examination. The drillcore consists of fragmented and altered interbedded
sandstone and mudstone. Sands are quartz litharenites that alternate with broken, light grey, altered, and
massive mudstone. A 0.3 m thick layer of rusty, iron-stained, calcareous sandstone was noted to appear
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quite badly weathered (or altered) and may be kimberlitic. Burrows appear throughout the section, mainly
discernable within the coarser interbeds that are more competent, and not as highly altered. In addition,
there are some parallel laminations and low-angle crossbedding preserved in the coarser-grained sand
and siltstone interbeds, which, along with the common traces, are indicative of a lower shoreface marine
setting. This interpretation is supported by preliminary palynological analysis of the associated mudstone
(Sweet et al., in prep.).

Sections for the DDH97-1B-1 and DDH97-1B-2 drillcores are presented in Figure 4. In the DDH97-1B-1
drillcore, glacial till overlies an interval of kimberlite and sandstone boulders, which in turn overlies a
thick kimberlite unit. Although it is not stated in the Ashton drill logs, the boulder interval may represent
a pre-glacial lag or a subglacial outwash deposit. As noted from the Ashton drill logs, the underlying
kimberlite is mainly massive and has a distinct hydrocarbon odour. The kimberlite abruptly overlies a
bentonitic mudstone succession. In the DDH97-1B-2 drillcore, there is no boulder interval and glacial till
directly overlies the kimberlite. The clastic succession underlying the kimberlite consists of interbedded
mudstone, siltstone and sandstone, which is interpreted as a lower shoreface succession with a possible
paleosol horizon at the top.

4.4 Kimberlite Targets K5A and K5B in Township 91, Range 11, W 5th Meridian

Drillcores from the kimberlite target KSA (DDH97-5A-1, DDH97-5A-5 to DDH97-5A-10) intersected
apparent depths between 72 m and 155 m, drilled at elevations between 633 and 688 m asl (Table 1;
Appendix 1). These intersections represents a true (corrected) stratigraphic thickness of up to 150 m and
overburden thicknesses that range from 3 m to 10 m (Table 1).

Comparisons to nearby wells with oil and gas wireline logs suggest core depths that correspond to

the Shaftesbury Formation (Chen and Olson, 2005). However, the palynological interpretations for
mudstone at the base of the DDH97-5A-10 core indicate that the mudstone is Cenomanian age (Sweet et
al., in prep.). Thus, it is logical to infer that sandstone overlying the basal mudstone at the bottom of the
drillhole belongs to the Cenomanian Dunvegan Formation. This indicates that the cored intervals are, in
fact, younger than has previously been interpreted by wireline log interpretation and correlation.

The composite structural section for the K5A drillholes, using the Ashton drill log descriptions combined
with the drillcore logged in the present study (Appendix 1), is given in Figure 5. Quaternary deposits
consist of a relatively thin succession of glacial till, which thickens in the DDH97-5A-6 and DDH97-

5A-1 drillcores. At DDH97-5A-9, a glacial succession of gravel-boulder outwash is overlain by a thick
glacial lacustrine unit. KSA kimberlite intersections typically consist of a thin kimberlite breccia at the
overburden-kimberlite contact, grading down into bedded kimberlite and interbedded bedded kimberlite
and breccia (Skelton et al., 1998).

In all of the cores, kimberlite is underlain by sedimentary rocks at the bottom of the hole. In the DDH97-
5A-1 drillcore the kimberlite abruptly overlies a succession of deeper marine (below wave base, offshore
shelf or deep bay-fill), thinly laminated and bioturbated shales. In most of the other wells (DDH97-
5A-6, -7, and -8) the underlying marine shale is highly fractured, generally with a network of closely
spaced calcite vein fills. For example, in the Ashton DDH97-5A-7 drill log, a 2.5 m thick shale has
extreme carbonate veining or fracture fill (116.5-121.01 m core depth); and in the DDH5A-8 drillcore
the basal shale is brecciated with calcite veins/fracture fill occurring at 30° to 45° to the core axis. The
DDH97-5A-9 kimberlite breccia is underlain by highly fractured, thinly laminated mudstone, in which

it is difficult to discern sedimentary structures. In the DDH97-5A-10 drillcore, the bedded kimberlite
overlies a kimberlite breccia zone, which is in abrupt contact over the sedimentary succession. This
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Figure 4. Simplified drillcore section for the kimberlite K1B target to illustrate inter-hole relationships and
depositional environment. Datum is sea level. Detailed sedimentary core log interpretations are in Appendix 1.

lower succession consists of bioturbated, coarsening-upwards mudstone to sandstone, followed by fining-
upwards sandstone to mudstone. The degree of bioturbation, the presence of complex grading patterns
and the occurrence of mainly low-angle to parallel laminations support an interpretation of a lower
shoreface succession.

The kimberlite target K5B was tested by vertical drillhole DDH97-5B-1 at a collared elevation of 633

m asl, total depth of 148.43 m and an overburden depth of 49.7 m (Table 1). Comparisons to nearby
wells with wireline logs (Chen and Olson, 2005), show that the mudstone at the base of the core may
correspond to the Fish Scales Member within the Shaftesbury Formation. Palynological analysis has not
been completed on mudstone from this drillhole. The sedimentary part of the DDH97-5B-1 drillcore
examined at the MCRF consists of broken, medium to light-grey fissile shale that is badly weathered.
There were no obvious sedimentary structures. The Ashton drill log descriptions indicate that in the
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DDH97-5B-1 drillcore a thick glacial till overlies kimberlite, which, in turn, abruptly overlies a mudstone
succession with intercalated serpentinized kimberlite (Figure 6). The emplacement of the kimberlite
‘layers’ into the mudstone unit, with subsequent serpentinization, might be the result of either syn-
depositional or post-depositional injection of kimberlitic veins into the surrounding mudstone host rock.
Regardless, the process appears to have obliterated any primary sedimentary structures in the DDH97-
5B-l1drillcore.
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Figure 6. Simplified drillcore section for the kimberlite K5B target to illustrate depositional environment.
Datum is sea level. Detailed sedimentary core log interpretations are in Appendix 1.

4.5 Kimberlite Target K6 in Township 91, Range 10, W 5th Meridian

Drillcore from the kimberlite target K6 (DHH97-6-3, DHH97-6-4, DHH97-6-7, DHH97-6-8,
DHH97-6-9, DDH97-6-10, DHH97-6-12; DHH97-6D-1, DHH97-6E-1) were drilled at elevations between
569 and 600 m asl and intersected apparent depths between 30.48 m and 197.2 m (Appendix 1). This
intersection represents a maximum true stratigraphic thickness of 197.2 m, including an overburden
thickness between 30.48 m and 92.15 m (Table 1).

Based on the wireline log sections (Chen and Olson, 2005), the true depths for most of the drillcores
correspond to the Quaternary succession, and thus, the cased interval for oil and gas wells in the area.
The exceptions are the lower parts of the DHH97-6D-1, DHH97-6-E1, DHH97-6-3, DHH97-6-7 and
DDH97-6-10 drillcores, which intersect clastic successions of the Shaftesbury Formation, most likely
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below the Fish Scales Member. Palynological results for samples from the DDH97-6D-1 and DDH97-6-7
drillcores indicate Early Cenomanian and Late Albian palynological ages, respectively, (Sweet et al., in
prep.), supporting correlation with the Shaftesbury Formation.

A composite structural section is presented in Figure 7 using the Ashton drill log descriptions (Skelton
and Bursey, 1998, 1999) combined with the sedimentary core logged in the present study (Appendix

1). Two of the drillcores (DDH97-6-9 and DDH97-6-12) penetrated till only and were terminated prior
to intersection with the kimberlite zone and/or sedimentary rocks (Eigure 7). Drillholes DDH97-6E-1
and DDH97-6D-1 intersected a thick section of surficial deposits and terminated in mudstone, while
drillholes DDH97-6-3, DDH97-6-4, DDH97-6-7 and DDH97-6-8 intersected till and kimberlite and
terminated in sedimentary rocks.

The composite section shows dramatic variation in kimberlite, host sedimentary rocks and surficial
deposits near the K6 target. Drillholes collared adjacent to holes with minimal till and thick kimberlite
intersections (e.g., DDH97-6-3 and DDH97-6-4) penetrated thick surficial deposits with no kimberlite
penetrated (e.g., DDH97-6E-1 and DDH97-6D-1). In the DDH97-6D-1 drillcore, the mudstone is
carbonaceous, bioturbated and well laminated, including stacked coarsening-upward successions of
mudstone, siltstone and sandstone. The coarser intervals locally contain siderite concretions. There is

a change in the distribution of kimberlite from the barren hole DDH97-6D-1 to the DDH97-6-3 and
DDH97-6-4 drillcores, where the kimberlite has an apparent thickness of 90 m and 164 m, respectively.
Kimberlite in the DDH97-6-4 drillhole is reported in the Ashton drill logs as massive. In the thicker
DDH97-6-3 occurrence the kimberlite appears to be a composite unit, with locally bedded and massive
facies, some stacked fining-upward successions and calcite veining (Skelton and Bursey, 1998).

Complex histories of kimberlite emplacement are also recorded in the kimberlite-sedimentary host rock
relationships of the DDH97-6-8 and DDH97-6-7 drillcores. In the DDH97-6-8 drillcore, the Ashton

drill logs indicate that a thin intersection of kimberlite overlies an interbedded succession of kimberlite,
kimberlite breccia and mudstone. A similar occurrence is in the DDH97-6-7 drillcore where thin layer

of kimberlite overlies a succession of interbedded mudstone, kimberlite and bentonitic shale, capping a
lower shoreface clastic succession. In the DDH97-6-7 drillcore, only the lower mudstone was available for
logging and the uppermost contact with the kimberlite was not available for study. The mudstone consists
of ‘poker chip’ silty shale with pronounced fissility. Thin-altered, light green, bentonitic shale occurs
about 0.5 m from the top of the drillcore interval. The DDH97-6-7 basal mudstone consists of well-
laminated, interbedded mudstone and sandy siltstone that might be correlative with the upper part of the
succession recovered in the DDH97-6-10 drillcore. Laminations are mainly horizontal and parallel with
well-developed complex grading patterns indicative of tidal laminations. Less common are unidirectional
ripple and flaser crossbeds in the coarser sandy siltstone interbeds. The lack of trace fossils, wave ripples
or other interference ripples, complex grading patterns, fine sediment size, and delicate interlaminations
of bedding styles are interpreted as a depositional setting below wave base, perhaps as a deep tidal
embayment. Capping the interpreted tidal embayment succession is a massive mudstone, with platy

and fissile fractures, and minor silty interbeds. This upper massive mudstone was not observed in the
DDH97-6-10 drillcore.

In the DDH97-6-10 drillcore, thickly bedded, coarse-grained, lithic lower shoreface sands occur at the
base (191-195 m drillcore depth). The lithic sandstone is bioturbated, with well-developed low-angle
crossbedding, minor ripple crossbedding, local mudstone intraclasts and dispersed organic detritus.
The percentage of lithic fragments increases toward the base of the drillcore. The basal lower shoreface
succession is capped by a transgressive lag deposit, which, in turn, is overlain by a thin layer of organic
material and a bentonitic shale unit.
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Figure 7. Simplified drillcore section for the kimberlite K6 target to illustrate inter-hole relationships and depositional environment. Datum is sea level. Detailed sedimentary core log interpretations are in Appendix 1.
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4.6 K14 Complex

Drillcore from the K14 complex (DDH97-14-6, DDH97-14-7, DDH97-14B-3, DDH97-14B-4, DDH97-
14C-2, DDH97-14C-3, DDH97-14C-5, DDH97-14C-6) penetrated to apparent depths of between 58.52
m and 245.96 m. The holes were drilled at elevations between 605 and 620 m asl (Table 1). The cores
represent true stratigraphic thicknesses of 50.68— 215.12 m, including an overburden thickness between
12.04 m and 24.75 m (Table 1). Comparisons with the cross-sections of Chen and Olson (2005) indicate
that the true depths for most of the drillcores near the kimberlite target K14 correspond to the cased
interval for oil and gas wells in the area.

Using the Ashton drill log descriptions combined with the drillcore logged in the present study
(Appendix 1), three composite structural drillcore sections were built for KI14A, K14B and K14C (Figures
8 to 10), and will be discussed separately below.

4.6.1 K14A Kimberlite Target

K14A kimberlite drillcores available for this study included both DDH97-14-6 and DDH97-14-7 (Figure
8; Appendix 1). In comparison to other kimberlite in the Buffalo Head Hills, the K14 complex has been
the target of numerous drilling programs. Palynological results on mudstones directly below kimberlite
intersections in DDH97-14-6 and DDH97-14-7 indicate an age of Early to middle Cenomanian (~99-96
Ma; Eccles et al., in press a; Sweet et al., in prep.).

In the DDH97-14-6 drillcore, till extends to about 80 m drillcore depth, where the underlying sediment

is a fissile mudstone without dispersed clasts. Notes from the Ashton drill logs indicate that top of

the drillcore is a thick organic horizon (8—-54 m) that overlies a thick upper till succession (Figure 8;
Appendix 1). The till observed in drillcore is a lower till that was recovered beneath an interbedded
kimberlite and clastics succession. The interbedded kimberlite includes both coherent kimberlite and
resedimented kimberlite within till and outwash gravels. The apparent interbedding of till, outwash
material and coherent kimberlite is difficult to explain and may have resulted from drilling problems (i.e.,
pulling the rods), or alternatively, post-glacial faulting and slumping.

The contact of the till with the underlying bedrock is difficult to discern due to both the massive aspect
of the underlying mudstone and the clay in the glacial diamict resembling the bedrock mudstone. In
drillcore logged during the present study, the upper bedrock contact was picked where there is an
increase in fissility, a loss of dispersed clasts, and subtle changes in mudstone colouration. Lower

down the drillcore the mudstone is less massive and consists of laminated grey, fissile mudstone, with
interbedded siltstone. The coarser intervals locally contain siderite cement. In muddier, finer-grained
intervals, there is a yellow efflorescence of sulphur or sulphur compounds on the drillcore surface. Due to
such factors as the overall fine-grained nature of the bedrock, the lack of dispersed organic detritus, the
absence of rooted, coal, or paleosols, and the fine fissility, this unit, then, is interpreted as a deep marine
mudstone deposited below wave base.

In the top of the DDH97-14-7 drillcore, there was an upper till with a resedimented kimberlite clast
(Eigure 8). Beneath the kimberlite, is a thick basinal mudstone succession, interbedded with lower
shoreface sands. Mudstones are mainly structureless, with some fissility and thin laminations, with
rare burrow structures preserved. Associated sandstone and siltstone interbeds show low-angle cross
stratification and are bioturbated. By contrast, a thin sandstone at the base of the drill-cored interval
has well-laminated (parallel, low-angle, tidal-herringbone), with increased bioturbation, structures and
iron staining. The upper contact between the sandstone and overlying basinal mudstone is abrupt, and
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Figure 8. Simplified drillcore section for the kimberlite K14A target to illustrate inter-hole relationships and
depositional environment. Datum is sea level. Detailed sedimentary core log interpretations are in Appendix 1.

possibly tectonized, with a fine network of millimetre to centimetre-scale calcite veins cutting both the
sandstone and mudstone near the contact. Brecciation of the sandstone unit also occurs, both between
and within the calcite vein fills. This lower sandstone is interpreted as upper tidal flat or upper shoreface
succession, while the overlying mudstone is interpreted as a deep marine mudstone deposited below wave
base.
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4.6.2 K14B Kimberlite Target

Drillcore available for examination from the K14B kimberlite target included DDH97-14B-1, DDH97-
14B-3 and DDH97-14B-4 (Figure 9; Appendix 1). All three drillholes penetrated a significant kimberlite
zone and bottomed out in clastic sedimentary rocks. Palynological results from these cores directly below
and above the kimberlite indicate a mid-Coniacian to Santonian age (~88-84 Ma; Eccles et al., in press b;
Sweet et al., in prep.).

The DDH97-14B-1 drillcore consists of the following succession from top to base: till, interbedded
kimberlite and mudstone, a thick interval of kimberlite, and finally, a dark, fractured, blocky mudstone
with minor siltstone interlaminae. The mudstone at the base of the core lacks fissility and is mainly
massive. There is a possible paleosol near the upper contact of the basal mudstone with the kimberlite.
Notes from the Ashton drill logs indicate that the kimberlite within the upper mudstones consists of
mainly broken fragments (mainly pebble size and angular), with some talc alteration. In the upper
interbedded kimberlite and mudstone interval, the kimberlite is pale green-grey with some serpentization.
The mudstone is largely fragmental with mudstone fragments pebble to cobble size, and locally, a
kimberlitic clay matrix between the fragments. In the lower basal mudstone, some of the coarser
interbeds show ripple and/or small-scale trough crossbedding, and a paleosol (marked by pedogenic
mottling, local calcite cementation, and dispersed organic detritus) occurs near the upper contact with the
overlying thick kimberlite zone. These features, along with the absence of bioturbation, indicate that the
sediments associated with the kimberlite in this drillhole may be non-marine. Associated palynomorphs
are non-marine.

The DDH97-14B-4 drillcore consists of thick till that overlies shale with kimberlite interbeds, in turn
underlain by a thick massive kimberlite interval. The lower contact of the kimberlite is brecciated and
disturbed, and overlies tectonized, broken mudstone (Figure 9). The drillcore from the lower mudstone
in this drillhole is in poor condition and appears to be badly weathered and/or tectonically shattered. It
consists of a medium to light grey, slightly fissile silty mudstone. Recovery varies from < 25% to nearly
full recovery. Fissility increases toward the base. From the Ashton drill logs this interval was described
as being a grey-brown, poorly consolidated unit with no apparent bedding. It is locally brecciated with
angular mudstone/shale clasts set in a mud clay matrix, and the Ashton drill logs indicate that shale is
broken, altered and permeated with bituminous oil layers. Due to its highly broken and weathered nature,
it is difficult to tell whether the mudstone is marine or non-marine. No bioturbation was observed.

The portion of the DDH97-14B-3 drillcore available at the MCRF consists of a mainly massive mudstone
with very little preservation of primary sedimentary structures (Figure 9).

4.6.3 K14C Kimberlite Target

K14C kimberlite drillcores available for this study included the following: DDH97-14C-01, DDH97-
14C-02. DDH97-14C-03, DDH97-14C-04, DDH97-14C-05, DDH97-14C-06 and DDH97-14C-07 (Figure
10; Appendix 1). Ashton K14C kimberlite target drill logs show a uniform glacial till veneer. All
drillholes penetrated kimberlite and ended in mudstone. Drillholes DDH97-14C-06 and DDH97-14C-07
penetrated mudstone both above and below the kimberlite. Palynological results on mudstone from
DDH97-14C-1 through to 14C-6 (below kimberlite) and DDH97-14C-7 (above and below kimberlite)
indicate an age of Cenomanian or Turonian (~96-92 Ma; Eccles et al., in press b; Sweet et al., in prep.).
Additionally, the palynological work indicated an overwhelming dominance of terrestrially derived
organic material with a Middle Cenomanian age (Dunvegan Formation-equivalent).
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The clastic succession overlying the kimberlite in DDH97-14C-7 consists of grey to dark brown, fissile,
platy shale with minor burrowing (Planolites). Associated sedimentary structures consist of delicate
laminations, rare flaser ripples, complex grading patterns, small load and flame structures, which

are interpreted as a possible deep marine (below wave base) environment. Most of the sandstone and
mudstone underlying the kimberlite interval is interpreted as non-marine. In the DDH97-14C-3 drillcore,
the sedimentary rock beneath the kimberlite is mainly a siltstone/silty mudstone with conchoidal
fractures throughout. Coarser silty to sandy interbeds are trough crossbedded and consist of fine-grained
micaceous quartz arenite. Pedogenic structures are in the cored interval, and the succession is interpreted
as a fluvial succession with overbank deposits. In the DDH97-14C-5 drillcore, either glacial till or badly
weathered kimberlite was mainly recovered. The basal part of the drillcore consists of badly weathered,
bentonitic, silty shale, with ochre-colouration. It is noncalcareous, massive and—in the absence of any
burrow structures or other primary sedimentary structures—may be part of the non-marine succession
recovered in the DDH97-14C-7 drillcore. The clastic succession at the base of the DDH97-14C-7 drillcore
consists of poorly consolidated, weathered, light grey lithic sand, which is badly weathered or altered
with ochre colouration. Locally, in coarser interbeds with iron cementation, primary sedimentary
structures are preserved, including: calcareous (and possibly bentonitic) rippled litharenite; shales with
crossbedded sandstones lacking trace fossils; and, iron-stained, noncalcareous sandstone. This unit is
interpreted as a possible non-marine succession. By contrast, the DDH97-14C-6 drillcore may be marine.
Here, the succession underlying the kimberlite zone is hydrocarbon-stained, poorly consolidated sand
that alternates with blocky silty shale. The sand is ochre-coloured, noncalcareous and iron stained. Small-
scale trough crossbedding occurs with a few ill-defined burrows at the top of the sand interval.

4.7 Kimberlite Target K19 in Township 89, Range 12, W 5th Meridian

Only the bottom portion of the DDH97-19-1 drillcore was available at the MCRF for examination. This
drillcore was drilled from an elevation of 735 m asl and penetrated approximately 5 m of glacial till,
reaching a total depth of 133.19 m (Table 1). Since the drillcore boxes and core from this drillhole were
badly weathered and damaged, it was difficult to positively identify box numbers. It is important to note,
therefore, that we present sedimentary rock information below using a best guess at the order and depth
of the core. Sections from wireline logs for surrounding oil and gas wells in the area indicate that the
stratigraphic interval intersected by this drillcore falls within the cased interval (Chen and Olson, 2005).
No palynological data are available.

The DDH97-19-01 drillcore is badly weathered (or altered) and consists of a light-grey siltstone with
about 20% of interbedded sandstones. The sandstone is iron-stained and badly weathered with an ochre
colouration and minor sulphide mineralization. Minor brecciation of the sandstones occurs with pyrite
mineralization along fracture surfaces. Just below the upper contact with the overlying kimberlite

zone (0.3 m below the top of the clastic unit), the sediment is a bentonitic silty shale. Overall, the silty
mudstone within this drillcore is blocky weathered, with only a slight increase in fissility at depth.
Although there is nothing definitive in drillcore for the paleoenvironmental interpretation, the notable
absence of burrowing, along with the massive, blocky character, and lack of fissility, are suggestive of a
non-marine succession.

A section for the drillcore in the K19 target area is presented in Figure 11. A thin glacial till occurs at the
top of all drillcores. In drillcore DDH97-19-2, the till contains kimberlite, granite and quartzite clasts.
Underlying kimberlite zones vary in character. In the DDH97-19-1 drillcore, the kimberlite is mainly
massive, whereas in the other drillcores it shows a variable amount of bedding and/or interbedding with
associated sediment (Skelton and Bursey, 1998). The DDH97-19-2 drillcore has some bedding in the
kimberlite zone, which abruptly overlies sandstone with convoluted bedding and an underlying mixed
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Figure 11. Simplified drillcore section for the kimberlite K19 target to illustrate inter-hole relationships and depositional environment. Datum is sea
level. Detailed sedimentary core log interpretations are in Appendix 1.
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mudstone/kimberlite horizon. The convoluted sandstone contains wood fragments. In the DDH97-19-3
drillcore, the kimberlite is interbedded with sandstone and mudstone, locally contains wood fragments,
and is thickly bedded and mud-rich toward the base. As with the observed DDH97-19-01 drillcore from
this target area, it is difficult to make an environmental interpretation of the sediment into which the
kimberlite was emplaced, but the features noted in the Ashton drill logs are consistent with a continental
(fluvial) interpretation.

4.8 Kimberlite Target K91 in Township 92, Range 11, W 5th Meridian

Only the bottom portion of DDH91B-1 drillcore was available for examination. This drillcore, which did
not intersect kimberlite, was drilled from an elevation of 667 m asl, with a total depth of 89.24 m; over
half of the drillcore consists of glacial till and outwash sediment (45.97 m; Table 1).

No palynological data are available. Depth comparisons to sections from wireline logs for surrounding
oil and gas wells in the area (Figure 6) indicate that the stratigraphic interval intersected by this drillcore
falls within the Shaftesbury Formation (Chen and Olson, 2005), however, the sedimentological features
do not correspond to the Shaftesbury Formation. The DDH91-BI1 drillcore from the upper part of

the sedimentary succession at the base of the core consists of a well-laminated mudstone succession,
with minor sandstone beds that increase in abundance toward the base of the mudstone. Although the
mudstone is mainly structureless, locally there are some graded-laminations with complex patterns, and
local root structures, which may be indicative of a tidal flat environment (Figure 12). The sandstones

at the base of the drillcore have a gradational, fining-upward contact with the overlying mudstone
succession. Internally, the sandstone is well-laminated with tidal (complexly graded) fine laminations.
The sandstones are interpreted as possible sandy tidal flat and/or tidal channel deposits. It is likely that
the mudstone and associated sandstone belong to the Cenomanian Dunvegan Formation. This indicates
that the cored interval is younger than the correlation with wireline logs might indicate (similar to the
DDH97-5A-10 core).

Notes from the Ashton drill logs demonstrate that the glacial till blankets the nearby DDH91-01 and
DDH91-03 drillcores, although the till encountered in these drillcores is about one-third the thickness

of that observed in the DDH91B-1 drillcore. The kimberlite zone becomes appreciably more massive
with a decrease in the interbedded kimberlite/clastics zones from DDH91-01 to DDH91-03. Interestingly,
the Ashton drill logs indicate that within the kimberlite zone oil accumulation stains olivine to an
uncharacteristic brownish-black colour. The underlying clastic succession in both the DDH91-01 and
DDH91-03 drillcores is a grey to black, silty mudstone.

4.9 Kimberlite Target BH302-01 in Township 92, Range 7, W 5th Meridian

The drill testing of target BH302-01 by Ashton in Township 92, Range 7, W 5" Meridian did not intersect
kimberlite, but enabled this study to observe a thick clastic interval lower in the Cretaceous succession
than those seen in other drillcores examined in the present study. There are two separately labelled cores
from this drillhole: one, the initial BH302-01 and two, BH301-01, which was drilled as a re-entry of

the BH302-01 (Figure 13; Appendix 1). These drillholes were collared at an elevation of 490 m asl and
intersected at a total depth of 168.9 m. General correlations to the west and to the south of the regional
cross-section of Chen and Olson (2005; A-A’ section) indicate that the sandstone intersected at the top of
the BHH 302-01 drillcore could be Notikewin Member (Spirit River Formation) or Paddy and Cadotte
Members (Peace River Formation; Figure 2).
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Figure 12. Simplified drillcore section for the kimberlite K91 target to illustrate inter-hole relationships and depositional environment. Datum is sea
level. Detailed sedimentary core log interpretations are in Appendix 1.
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Figure 13. Simplified drillcore section for the kimberlite BHH301 target to illustrate depositional
environment. Datum is sea level. Detailed sedimentary core log interpretations are in Appendix 1.

The BH302-02 drillcore intersected offshore tidal shelf deposits that grade up into a sand-dominated
succession of more quartz-rich, lower and upper shoreface sands, which are separated by a disconformity.
Locally, the topmost upper shoreface sandstones contain concretions. The top sands are also heavily oil-
stained and bituminous, and grade up into a burrowed sandy shale and organic shale succession. These
sandstones likely represent the Cadotte and Paddy Members of the Peace River Formation, which are
separated by an unconformity.

The BH301-01 drillcore intersected the lower part of the stratigraphic succession, which consisted of

a heavily bioturbated, lower shoreface succession of alternating sandstone and mudstone (Figure 13).
The sandstones are quartz-litharenites, which locally show hydrocarbon staining. Primary sedimentary
structures include flaser crossbedded, graded laminations, and tidal couplets in the laminated sandy
mudstones, which alternates with more fissile and organic shale, with minor parallel lamination and
bioturbation. This lower part of the cored interval is interpreted as offshore tidal embayment deposits.
Upsection, in the coarser sand interbeds, are small hummocky and swaley cross-stratification, suggesting
deposition above storm wave base.

410 Stratigraphic Well BHH04-KHR-2 in Township 90, Range 11, W 5th Meridian

This drillhole was drilled collaboratively by the GSC and AGS with the aim of intersecting the
uppermost Late Cretaceous sedimentary rocks in the Buffalo Head Hills area. The drillhole was collared
in Township 90, Range 11, W 5" Meridian at an elevation of 777 m asl and penetrated to a depth of 105 m
(Figure 14; Appendix 1).
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Figure 14. Simplified drillcore section for stratigraphic well BHH04-KHR-2 to illustrate depositional
environment. Datum is sea level. Detailed sedimentary core log interpretations are in Appendix 1.

Comparisons with nearby oil and gas wells, and the regional cross-section of Chen and Olson (2005;

A-A’ section) indicate that the stratigraphic interval intersected in this drillcore most likely belongs to the
Puskwaskau Formation of the upper Smoky Group. Palynological interpretations by Sweet et al. (in prep.)
indicate an abrupt change from Campanian to Santonian assemblages within the mudstone succession
(contact at an approximate core depth of 82 m) correlative to Wapiti Group and Puskwaskau Formation,
respectively.

The drillcore is mainly massive mudstone, with variable proportions of interbedded siltstone and
sandstone. The drillcore is unslabbed and it is therefore difficult to discern sedimentary structures.
Overall, it appears that the BHH04-KHR-2 drillcore intersected a heavily bioturbated, lower shoreface
sandy-silty mudstone. The depositional environment is interpreted as lower shoreface, offshore shelf,
becoming more distal with depth. At the base of the drillcore is a slightly coarser sandy interval, which
is separated from the overlying succession by a disconformity or unconformity. Due to the depth of the
core intersection and wireline log correlations to surrounding oil and gas wells, the sandstone at the base
of the core is too deep to belong to either the Cardium or Dunvegan formations. This coarser sandy unit
may represent the older Paddy-Cadotte (Albian) succession. If this is correct, then a major unconformity
(perhaps associated with faulting and uplift) separates the lower coarser sandstone (Albian) unit at the
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base from the overlying Santonian mudstone succession. This would mean that the total succession from
late Albian to late Turonian is missing. This hypothesis has yet to be validated by palynology.

5 Stratigraphic Summary for the Different Kimberlite Targets

The youngest sedimentary rocks identified in the area are Campanian and time-equivalent to the

Wapiti Group (BHHO04-KHR-2). Cores from the K1A kimberlite target are second youngest, and

helped Sweet et al. (in prep.) define a major depositional hiatus between the Santonian-Campanian
mudstone (Puskwaskau Formation, DDH97-1A-3) and the Cenomanian-Turonian mudstone (Kaskapau
Formation, DDH97-1A-1). The K5, K14A, K14B, K14C and K91 kimberlites all appear to be hosted
within Cenomanian strata, which are time equivalent to the Smoky Group and Dunvegan Formation.
The lowest stratigraphically emplaced kimberlites belong to the K6 occurrence and appear to be hosted
primarily within Cenomanian strata, which are time equivalent to the Shaftesbury Formation. The oldest
sedimentary rocks documented were from the BH302-01 drillhole, which did not intersect kimberlite;
these rocks are Albian in age and time equivalent to the Shaftesbury to Joli Fou formations.

Sedimentological interpretation of the selected cores suggest the paleoenvironments in the uppermost
Cretaceous strata of the Buffalo Head Hills ranged from lower shoreface below wave base to tidal flat/
channel to fluvial. Based on radiometric emplacement ages (Eccles et al., in press a) and palynological
ages (Sweet et al., in prep.) of kimberlite and mudstone in the Buffalo Head Hills kimberlite field,
respectively, it is possible that the latter two environments were predominant during emplacement of the
majority of the kimberlite in the Buffalo Head Hills. This model would imply kimberlite emplacement
during a major Coniacian depositional hiatus.

Variability in apparent thickness of kimberlite between drillcores (e.g., K6, K14), and the presence

of intercalated sandstone and mudstone-dominated successions either below, above or adjacent to the
main kimberlite body (e.g., K14A, K14B, K14C and K91) suggest the possibility of mixing between

the kimberlite and adjacent sedimentary rocks. Pervasive fracturing and the development of carbonate-
veinlet networks (e.g., K1A, K5SA and K6) suggest disturbance and/or shattering of both the mudstone and
overlying kimberlite, perhaps during emplacement of the kimberlite.

6 General Observations and Directions for Future Work

e Sedimentological interpretation of the selected cores examined in the present study suggest the
paleoenvironments in the uppermost Cretaceous strata of the Buffalo Head Hills ranged from lower
shoreface below wave base to tidal flat/channel to fluvial, with the tidal flat/channel and fluvial
environments possibly being predominant during emplacement of the Buffalo Head Hills kimberlite.
Continued work on the sedimentological depositional setting into which the kimberlite and associated
bentonites were emplaced should be done to further understand the mechanisms of kimberlite
emplacement in this setting.

e The lithologic, depositional environment and stratigraphic interpretations presented here should be
integrated with ongoing palynological work on the same cores by Art Sweet, GSC-Calgary. At the
time of writing, there was no opportunity to integrate these results; however, a cursory overview
of the general conclusions of the palynological study (Sweet et al., in prep.; A. Sweet, pers. comm.,
2006) is consistent with the interpretations presented in this report.
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Stratigraphic and palynological interpretations presented in both this study and Sweet et al. (in
prep.) paradoxically support and contradict the radiogenic ages of Eccles et al. (in press a) that
suggest two distinct ages of kimberlite emplacement: ~88-81 Ma and ~64-60 Ma. Although there
is sedimentological evidence to support the two separate episodes of volcanic activity, there is also
a possibility that younger volcanic rocks penetrated older sedimentary rock layers. Thus, detailed
work is required to either determine whether there are older ages of kimberlite emplacement not yet
determined, or to investigate the possibility of younger kimberlite ‘injected’ into older sedimentary
strata.

Ultimately, the stratigraphic and structural models should be integrated to completely understand the
emplacement history of the Buffalo Head Hills kimberlite field.

There is significant evidence of hydrocarbon staining within the kimberlite and the associated host
rock sediments. From this preliminary work, it is unclear whether the hydrocarbons were emplaced
prior to the igneous activity, or if they represent a later-stage migration into the fracture network
developed during kimberlite emplacement. In some cases, such as the bituminous coating on
kimberlitic olivine, hydrocarbon migration is clearly post-kimberlite. In other cases, the hydrocarbons
may be pre-kimberlite, as in the hydrocarbon staining observed in the deeper stratigraphic wells not
directly associated with the kimberlites. It is possible future geochemical and vitrinite reflectance
studies on the bitumen will help understand the temperatures during emplacement and post-
emplacement of the kimberlites, the quenching-history and collapse infill of the volcanic complex,
and the influence of the kimberlite emplacement on hydrocarbons in the area.
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Appendix 1. Original Kimberlite Target Drill Logs from Skelton and Bursey (1998,
1999) with Detailed Sedimentary Logs from this Study.
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A)

Target:

Drill Hole:
Location:

Zone & Datum:
Elevation:

Start - End Date: 07/5/1997 -07/7/1997

K1A Company: Ashton Mining Canada Inc.
1A-1 Collar Azimuth: ~ N/A”
569562E , 6284752N Collar Incline: 90 °
Z11, NAD 27 Core Diameter: 63.5 mm (HQ)
Geologist Logging: Derrick Strickland

732.50 m above sea level (asl)
End of hole (EOH): 160.20 m

Depth (m)

Core at MCRF*

Lithology

Description

OVERBURDEN: 0.00 - 20.42 m

(25 - 35%) that has altered to serpentine and carbonate, up to 0.75 x 0.75 cm. Some olivine alters to a brown colour: there may be two

range in size from 0.2 x 3.5 mm with the kernels being olivine, other lapilli, and/or shale; several of them are concentric in nature.

KIMBERLITE TUFF: (CRYSTAL [OLIVINE] LAPILLI TUFF) 20.42 - 99.00 m: Grey green, fine grained, composed of rounded and angular olivine

populations of olivine: one <3.0 mm and the other >0.3 mm. matric (30 - 40%) is granular in appearance and fine grained. Xenoliths: Angular
serpentinized fragments <05. cm (20%), angular shale fragments with embayed olivine and well rounded limestone up to 2.5 x 3.0 cm. Lapilli

MUDSTONE: 99.00 - 103.20 m: Grey black in colour. Soft unconsolidated material with kimberlite clasts intermittent throughout.

MUDSTONE: 103.20 - 160.20 m: Mudstone with minor sand blebs and interlayered sandtone units. mudstone is grey in colour and
unconsolidated. Bedding is 60° to core axis. 103.20 - 103.50 m is a limestone occurrence, locally vuggy, grey, massive, coral?

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-1A-1: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this stuay.

B)

— Fractured mudstone with a few more coherent core sections preserved. Minor
Fe-stain. Thin micaceous sandstone interbeds towards base. Some laminations,

— As above. Silty mudstone with scattered silty sandstone and sandstone beds.
Minor Fe-stain. Fractured (largey conchoidal) in finer beds. Lamination and rare
cross beds, few if any burrows seen. Stacked minor coarsening upwards

% Fractured silty mudstone with minor sand interbeds with laminations. Slightly more
altered, Fe-st/ochre zones, mainly structureless.

%— As above with scattered organics and minor shale clasts
— Mainly fractured silty mudstone with some slightly more coherent sandier? Core
segments. Patchy Fe-st sideritic? Alteration zones scattered in lower 2/3 of interval.

— Minor oil stain on lowest 1.3 of cored interval

— More competent sandy litharenites, some Fe-stain and beginnings of possible
concretions. Still broken and fractured, but more competent than overlying core.
Minor lamination and burrows preserved. No obvious change in sedimentary

DDH 97-1A-1; Target K1A
8-12-089-12w> 1A
Dabe Logged: November 1, 2006
Logaed by: FoJHein; Collar Incling - 90.
Ground: 223.27m KEB: 0.00m
Femanks: Top of core is missing; only have from boxes 23to 35.
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A) B)

DDH97-1-A3 Buffalo Hills
8-8-089-12w5 A3
Target: K1A Company: Ashton Mining of Canada Inc. .
Drill hole: 1A-03 Collar Azimuth: ~ N/A Date Logged: Movember, 2008
Location: 569563E, 6284751N Collar Incline: — -58 Logged by: F.J. Hein; Collar 42180, Collar Incling -58.00
Zone & Datum: Z11, NAD 27 Core Diameter: 63.5 mm (HQ)
Elevation: 733 m above sea level (asl) Geologist Logging: D. Strickland Ground: Y32.33m KB 0.00m
Start-End Date: 12/7/1997-14/7/1997 End of hole (EOH): 78.3 m Remarks: Boxes 1,2, 7 and 9 are missing.
z >
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C) Sedimentary core remarks \ ] = T
\ 52 l= -
41.95 m \ Pdpun |1
Laminated gray mudstone, with minor burrowing and Fe-stain alteration rims around burrows. \ 4 4 —
Aside from laminations few sedimentary structures apparent. Well laminated mudstone alternates \\ 55 Fa 5
with more fractured, pyritic, yellow-ochre altered fractured mudstone. Minor dispersed organic \ =] 5 = Py ."Ifl"l
detritus. e ] = Fia
\ (561 S | -...- See C) for remarks
47.79 m \ m P
As above, slightly less brecciated, Fe-st bioturbated Glossifungites ? at 48.35 m depth; \ 177 ]
? unconformity/disconformity surface. \\ e
\ L
51.89 m \ ] -
Heavily broken, and fractured silty shale, with minor more coherent core sections. Prominent \ . Il,l.;.ll,l
alteration, both within a highly fissile, black organic shale, at the top and base of the organic \\ |66 Re = 5
zone. Apparently subsampled previously. Bright ochre - yellow alteration colour. \ L
[ i
55.67 m \ - A
Light gray mudstone, laminated, with burrows, and Fe-st alteration; minor altered zone, after \\ 70
pyrite or other sulphides ?. Minor ripples and lamination, some burrows, more competence to the \ F A
core section compared with overlying core. Fairly structureless, minor disseminated scattered \\ 72 -
shell fragments. Ammonite at 59.5 m depth. v T
N Fa
63.62 m \\ |
Light gray mudstone, laminated, with alternations to more broken core sections. Few apparent \\ -6 Fa
structures or burrows. \-?S- Fe

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-1A-03: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study; C) drill log remarks.
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B)

DDH 97-1B-1
13-14-092-11w3 01
Target: K1B Company: Ashton Mining Canada Inc. Date L e ber 2 2005
by .
Drill Hole: 1B-1 Collar Azimuth: ~ N/A ate Logged. Movamber &,
Location: 568989E , 6284585N Collar Incline: -90 ° Legged by: F. J. Hein
Zonhe & Datum: Z11, NAD 27 Core Diameter:  63.5 mm (HQ) Ground: 740.21m KB 0.00m
Elevation: 740.21 masl Geologist Logging: Derrick Strickland Retmarks: Collar incline -90. Cored Interval: 0 m to 155 m. Core
Start - End Date: 07/07/1997 - 11/07/1997 End of hole (EOH): 155.14 m quality: weathered. Examined available sedimentary core
from about 137 m to 155 m. Detailed log of sedimentary
core intersection.
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8.— BOULDERS: 18.29 - 20.30 m: KIMBERLITE and sandstone boulders. / 140 ?
i KIMBERLITE: 20.30 - 138.50 m: Olivine tuff. Grey green in colour, fine grained, granular in appearence. Composed of angular, light green //
fragments of serpentine, 30 - 40%, up to 0.8 x 0.6 cm, round to angular: brown altered olivine 20 - 30%. The matrix is fine grained and comprises / 142
o 40 - 50% of the rock. Lapilli of a light grey material composed of fragmental, altered broken olivine and serpentine fragments, lapilli measured up / h\_ :
277 to 1.5 x 1.8 cmwith irregular boundaries. Trace white mica? muscovite? Carbonate present in the matrix, replacement? primary? Core has a / o M Mudstone:
| distinct oil smell. Black shale fragments up to 1.3 x 0.6 cm some are pyrite rich. Core is broken and crumbly, weathered. / 144 B weathered,
° / 146 carbonaceaus and
I / s sandy. Top shale is
f / blocky and has
g // 150 sulphur coming
' / i out. Underlain by a
1 / micaceous,
8 / 154 rusty-weathered
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i / // sandstone with a
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o ; ; preseryed, and
2 / )/ locally
i /’ / carbonaceous. Mot
9 _ _ _ _ / ,/ very useful for
= MUDSTONE: 138.50 - 155.14 m: Mudstone, consolidated. Bedding ~45° to core axis, grey in colour. // paleoenyironmenta
il / | interpretatiaon.
& /
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Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-1B-01: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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A)

Target: K5A Company: Ashton Mining Canada Inc.
Drill Hole: 5A-1 Collar Azimuth: Nia
Location: 582687E ,6306035N Collar Incline: 90 °
Zone & Datum: Z11, NAD 27 Core Diameter: 47.6 mm (NQ)
Elevation: 634 m asl Geologist Logging: A. Berry, BSS, mm
Start - End Date: 04/02/1997 - 06/02/1997 End of hole (EOH): 139.30 m
i
o
e s
€
: 3 0w
g £ ¢
a = ] Description

OVERBURDEN: 0.00 - 14.30 m:

KIMBERLITE: 14.30 - 27.40 m: Greenish-brown, poorly sorted, medium-grained volcaniclastic kimberlite with 5-10% xenoliths, locally to 20%,
and with abundant olivine macrocrysts and microcrysts (olivine, 1 - 4 mm = 30%). Ameboidal lapilli are also present. Textures are
matrix-supported and a weak clast orientation at 40° TCA may be present. Olivines are oxidized and replaced by a combination of serpentine,
carbonate and magnetite.

BEDDED KIMBERLITE: 27.40 - 115.80 m: Greyish green to orangish volcaniclastic kimberlite, generally finer grained than previous unit. Here
kimberlite is well-bedded to laminated at sub-horizontal angles of ~70° TCA. Coarser individual beds may contain >15% xenoliths and could be
termed breccia beds. Bedding contacts between adjacent beds are distinct but not sharp. Beds are defined by changes in grain size
Grain-supported textures dominate and rock is composed of 50 - 60% olivine grains (generally <2 mm) with rare lapilli (increased to <5% in
coarser beds). macrocrysts are generally not common except in coarser beds. The matrix is serpentine-dominated. Oxidation is generally
pervasive but becomes weaker with depth. Below 54 m, bedding is still present, but is less well defined and beds are less well sorted internally.
Carbonate content is low. Unit can be moderately magnetic.

MUDSTONE: 115.80 - 139.30 m: Very fine-grained, brown, unconsolidated bedded silts and clays. Bedding at 45-50° TCA at kimberlite contact
to 80° TCA at EQOH.

B)
Drill Hole: 97-5A-1 (Target K5A)
8-14-091-11w5S 5A
Dabe Logged: Hovember 2, 2006
Logaed by FoJ. Hein
Ground: 63400 m KB 0.00m
Femarks: Collar incline =90. Cored Interval: 0 mto 139.3 m. Core
quality: badly weathered. Examined available
sedimentary core from 123 m to 139.3 m. No detailed
log done due to poor preservation of sedimentary
structures.
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S s mudstone, mainly
s unconsolidated.
a4 Top contact with
/ / kirnberlite
,/ / missing.
/) wWeathered gray
/) tudstone, with
// // inor Fe-stain,
S/ patchy towards
Favi the base, at a
)/ // depth af about
,/ 1275 m. Possible
replacement of
gand.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-5A-01: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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B)

Target: K5A Company: Ashton Mining Canada Inc.
. . d
Drill Hole: SA-6 Collar Azimuth: 090
. " 0
Location: 582334E , 6306053N Collar Ipclme. -58 Ashton 97 -5A-6
Zone & Datum:  Z11, NAD 27 Core Diameter:  63.5 mm (HQ) 7-14-091-11w5 06
Elevation: 683 masl Geologist Logging: R. Johnson, MM Batat A S
abe Logged: fi-
Start - End Date: 04/08/1997 - 05/08/1997 End of hole (EOH): 96.62 m 99 )
Logged by: B Johnson; Cellar Incling -58.
Ground: 633.00m KEB:0.00m
Pemarks: Kimberlite:in 2 zones above one another. Upper Kimberlite:
Breccia, macrocrystic, lapilli-bearing, volcaiclastic kimberlite
breccia, rich in carbonate xenoliths and sinle grains of olivine.
i Lower Kimberlite: Bedded, olivine-rich, volcaniclastic w/
14 intermittent hreccia horizons, up to 2.9 m thick. Dom bedding
0
= - = fabrics @ 453 deg TCA, some subparallel clast orient. Bedding
el ‘_3’ ® defd my change gs, exceptin breccia horizons where clasts
‘g g g o medium & coarse grained. ElIsewhere gs fine, dom by small {c
ai 3 0 Description 1to 1 mm)single olivine xyls (50%) w/ 5=10% xv| xenaoliths,
o) - - " conc in beds, ameboidal lapilli {3%)and occas macrocrysts
OVERBURDEN: 0.00 - 8.63 m: Granitic clasts, clay supported. (2%), both in coarser beds. Carbonate content mod &
| oxidation staining low - mod. Mbtx serpentine w/ variahle
2 KIMBERLITE BRECCIA; 8.63 - 20.72 m: Macrocrystic, lapilli-bearing volcaniclastic kimberiite brecgia, rich in carbonate xenoliths and single (often coarse) carbonate. Normally bedded sequences can be
grains of olivine. observed.
Q-
‘ BEDDED KIMBERLITE: 20.72 - 87.67 m: Bedded, olivine-rich volcaniclastic kimberlite with intermittent breccia horizons (up to 2.9m thick).
— Dominant bedding fabrics are at ~45° TCA, and are consistently observable especially where clasts within breccia beds are orientated
subparallel to one another. Bedding contacts are generally not sharp but are defined by changes in grain size. With the main exceptions of the i
2 breccia harizons where clasts sizes are medium and coarse grained, grain size is generally fine and the rock is dominated by small (<110 1 5
‘ mmj, single alivine cystals (50%) with 5-10% crustal xenoliths, concentrated in beds, ameboidal lapilli (3%) and ocasional macrocrysts (2%), GRAIN SIZE g
.| both found in coarser beds also. Carbonate cantent is mederate and oxidation staining is low to moderate. The matrix is comprised of serpentine cobble E o b
with variable amounts of (often coarse) carbonate. Occasional normally bedded sequences can be observed —  pebbs " b= o a
8* w granule 3 8 Z 5
1 o I_— = o
E wim by iﬁ:‘d E § % 3
1 I = = s
L i ik
@]
8-
| ) 7 :33
/ -ai xr
2| A ! 7 "\ g7.67 - 96.62m:
‘ 7 o2 Shale alternating
1 /7 [y with mudstone,
o | 7 L with calcite
i 7 e veining between
i yd e 90.37 and 90.57 m,
H / 7 altered’
@] / e mudstone from 95
| / e - 96.62 m.
// -7
Sl SHALE: 87.67 - 96.62 m: Alternating shale and mudstone beds, with calcite veining between 90.37 and 90.57m. "Altered" mudstone from9500- | ,7 .~ -
} 96.62 m. v /,’
//

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-5A-06: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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B)

Target: KSA Company: Ashton Mining Canada Inc.
Drill Hole: 5A-7 Collar Azimuth: 180
Location: 582488E ,6306213N Collar Incline: 58 °
Zone & Datum:  Z11, NAD 27 Core Diameter:  63.5-47.6 mm (NQ)
Elevation; 687 masl Geologist Logging: R. Johnson, MM
Start - End Date: 03/08/1997 - 05/08/1997 End of hole (EOH): 127.10 m
DDH97-5A-7 Buffalo Hills
10-14-091-11w> 07
£ Dabe Logged: Novembser 2, 2006
14 X "
£ g Logged b}-‘: F.d. Heln; Collar A2 1E|:|_: Collar Incline -52.
>
5 & ™ Ground: 687.53m  KB:0.00m
o} 5 s o s R - - .
a 308 Description Femarks: Top part of core seems to intersect kimberlite zone, with some
7 OVERBURDEN: 0.00 - 450 m: mudstone with shale, limestone and grantic pebbles. hard rock intersected by calcareous veins until about 121.01 m
1 KIMBERLITE BRECCIA: 450 - 7.80 m: Greyish and somewhat oxidized volcaniclastic kimberlite with ~20% crustal xenoliths and with abundant depth- LUnderlying units are
o | lapilli (which contain euhedral olivine of <1 to1 mm in size), abundant macrocrysts and lesser single olivines (~1 mm) in a serpentine matrix. B = 5 -
- Lapili reach 15 mm and xenoliths 20 mm. Crustal xenoliths display a weak clast orientation at 40° TCA. Some coarse grained carbonate is / mainly silty mudstone with some very fine sand, mainly
) present in the matrix. Small amounts of magnetite may b? Pres.ent in psel.Jdom.orp.hed oI.|V|ne.s. . : : unconsolidated g interheds. Weathere [I, minor Fe=st at ahout
BEDDED KIMBERLITE: 7.80 - 118.50m: Well-bedded, dlivine-lich volcaniclastic kimberlite with intervals of matrix supported kimberlite 5 .
9 breccia. Definition of bedding is aided by the subparallel alignment of elongate crustal xenoliths, which range in size from 1 - 15 mm. Grain size 123 m depth. Not logged in detail.
! between breccia layers is generally fine and medium grained and here olivine is the main constituent of the rock (~50%). Graded bedding is
yl sometimes present. Dominant bedding angles are at 55 - 60° TCA. In fine beds lapilli and macrocrysts are rare and in coarser beds these can be
relatively abundant, 20% and 10% respectively.
2|
9 m
=
& GRAIMNSIZE =]
ol i w u
' cobble E i ﬁ s
§ pebble o o m
o m —————qgrahule = % = [
o [ sand % ] o =
| = —If—i =ilt i (5] = =
W vemby clay = 3 F REMARKS
o I
. /-122- I T—Kimberlitic 7
@ s H1224 : ¢
' // | Fa calcite Yelning at
i / SEER top of core.
3 / -
- Y i = Sa mp led
. / Iy previously.
o] / //
- /
4 / //
/ ’
2 // /
‘77 / //
/ /
b / /
/ /
SHALE: 118.50 - 121.01m: With extreme carbonate veining or fracture fill //
MUDSTONE: 121.01 - 127.10m: Grey. ///

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-5A-7: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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B)

Ta.rget: K5A Company: AshEon Mining Canada Inc. Drill Hole: 97-5A-8 (Ta rg et K5A)
Drill Hole: 5A-8 Collar Azimuth: 180
Location: 582488E , 6306212N Collar Incline: 80 ° 10-14-091-11w5 08
Zone & Datum:  Z11, NAD 27 Core Diameter: 63.5 mm (HQ) .
Elevation: 687 masl Geologist Logging: R. Johnson, MM Dake Logged: Ngve_mber 2, 20086
Start - End Date: 05/08/1997 - 06/08/1997 End of hole (EOH): 127.10 m Logged by F.J. Hein;
Ground: B37.00 m kKEB: 0.00m
Petnarks: Collar Az 180; Collar Incline -80. Cored Interval: 120.35
mto 127.1 m. Core quality: weathered. Examined
&L available sedimentary core from 120,35 m to 127.1 m.
_ O Mo detailed log done due to poor preservation of
% 3 % sedimentary structures.
g 2 0
& = 8§ Description
°7 OVERBURDEN: 0.00 - 396 m:
) KIMBERLITE BRECCIA; 3.96 - 6.28 m: Greyish and somewhat oxidized kimberlite with ~20% country rock xenoliths and with abundant lapilli E
o (which contain euhedral olivine of <1 to 1 mm in size) and abundant macrocrysts with lesser single olivines (~1 mm) in a serpentine matrix. o
vl Lapilli reach 15 mm and xenoliths 20 mm. Some coarse grained carbonate in the matrix, small amounts of magnetite in pseudomorphed olivines. =]
J BEDDED KIMBERLITE: 6.28 - 113.91 m: Fine to medium grained, well bedded and sometimes laminated volcaniclastic kimberlite. Laminate GRAIM SIZE o
beds are 3 to 10 cm thick. Beds generally contain dominantly single olivine grains (50 - 60%) with O - 10% lapilli, 0 - 5% macrocrysts, and <5% P_: o ﬂ
Q- crustal xenoliths, where interbedded coarser breccia beds contain the higher concentrations of crustal xenoliths (up to 1 cm), lapilli and m w o
! macrocrysts. Bedding is at 45° TCA. Below 51.65 m, laminar textures are replaced by more massive beds and these are more poorly sorted. As - % o
i is common elsewhere in this kimberlite, oxidization is common but may show distinct pathways between areas with unaltered dlivines, which w -1 b E
have retained their greenish-grey colour. ﬁ % E o
Q| = ] =
| < £ 3 2 REMARES
(=]
Q-
| iz “—Crumbly,
o // | weathered G
0 5
' /e broken, gray silty
. / i ] mudstone, light
©7 . | . gray colour, with
i / / sorme
o_| / / g
= / / unconsolidated
= // / and weathered
-8 /] / sand interbeds.
] J/ // Mat logged in
o / / detail due to poor
' ;) condition of core.
b / - - i
o / / Yery limited in
S /
T /) terms of
o | /) stratigraphy and
= /) depositional
/ / X
1 KIMBERLITE BRECCIA: 113.91 - 120.35 m: Kimberlite contains abundant small (avg 4 mm) crustal xenoliths (~30%) of dominantly white and /7 environments.
o grey limestone. This breccia is quite well sorted and shows a weak clast orientation at 55° TCA. Other components are 10% lapilli (avg 4 mm), / //
QI* 20% macrocrysts (avg 3 mm) and abundant small olivine microcrysts of ~1 mm or less. Oxidation is moderate to high throughout this interval. ,
g SHALE: 120.35 - 127.10 m: Shale and mudstone. Calcite veinsifracture fill (at 30 - 45° TCA) and brecciation in shale. mudstone may be //
uncompact.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-5A-8: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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A) B)
Target: K5A Company: Ashton Mining Canada Inc.
. . 0
Drill Hole: 5A-9 Collar Azimuth: ~ N/A
Location: 582442E ,6305766N Collar Incline: 9"
Zone & Datum:  Z11, NAD 27 Core Diameter: ~ 63.5 mm (HQ)
Elevation: 659 masl Geologist Logging: R. Johnson, MM
Start - End Date: 05/08/1997 - 06/08/1997 End of hole (EQH): 72.26 m
*
i
14
: S
£ >
: § @
£ 2 p
o 3§ Description
—_p
OVERBURDEN: 0.0 - 56.99 m: mudstone down to 41. 76 m, sand from 41. 76 to 53.95 m, granitic pebbles to cobbles down to 56.99 m.
)
q /
/
/o
/ /
/7
/7
/ /
¥ /
/7
/7
Y
Y
/7
Y
/ //
/
o] KIMBERLITE BRECCIA: 56.99 - 68.10 m: medium and coarse grained volcaniclastic kimberlite with up to 40% crustal xenoliths (imestone, r/
@ shale) and lapilli (10%) set in an olivine-rich matrix (macrocrysts 10% and microcrysts of <1 mm 40%). Crustal xenoliths range from 1 - 20 mm / /
and macrocrysts from 3-5 mm. Textures are matrix supported and chaotic and the core has an overall weathered look. Olivines have been only r/
partially pseudomorphed and some have magnetite cores. A fine grained area with non-breccia concentrations of country rock xenoliths occurs / /
o at 64.05 - 65.50m. From63.39 - 64.05 m, 65.50 - 66.14 m and 66.44 - 67.14 m, "degassing" breccia zones occur where angular kimberlite /7
B E clasts are suspended in a carbonate and fine detritus matrix (kimberlttic grains and clasts). These breccia clasts (autoliths) appear to be derived // /
fromthe surrounding kimberlite or a similar kimberlite as textural and compositional features are the same, and it may be that these autoliths are /7
not far-travelled. in the intervals 65.50 - 66.14 mand 66.44 - 67. 14 m, another 20% of the autoliths are of a different type of volcaniclastic // /
kimberlite, in which black shale xenoliths are common. / //
MUDSTONE: 68.10-72.26 m: /

Drill Hole 97-5A-9 (Target K5A)
T-14-091-11w> D09

Date Logoed: Movember 2, 2006

Logged by FoJ. Hein

Ground: 659.00m KB 0.00m

Pemarks: Collar Incline =90. Cored Interval: 68.83 m to 72.26 m.
Core gquality: weathered. Examined available
sedimentary core from about 68.83 m to 7226 m. No
detailed log done due to poor preservation of
sedimentary structures.

GRAIM SIZE

cabble
pebble
granule

zahd
L — o

FHYSICAL STRUCTURES

WETERS

ACCESSORIES
ICHMOFCSSILS

REMARES

——Crumbly,
weathered till or
possibly
kimberlite
breccia.

Eroken gray
mudstone, silty,
light gray colour,
with minor
Fe-staining
towards the base.
Difficult to tell
where 1ill stops
and mudstone
begins. VYery
limited in terms
of stratigraphy
and depositional
enyironments.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-5A-9: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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A)

B)
Target: K5A Company: Ashton Mining of Canada Inc.
Drill hole: 5A-10 Collar Azimuth: N/A
Location: 582490E, 6306217N Collar Incline: -58
Zone & Datum: Z11, NAD 27 Core Diameter: 63.5 mm (HQ)
Elevation: 688 m above sea level (asl) Geologist Logging: M.K.
Start-End Date: 07/8/1997-09/8/1997 End of hole (EOH): 154.5 m
s o
§ ES Interval Rock Type Description
°7 0to 4 OB Overburden
§ 4t06.9 JLOVKB Juvenile lapilli and olivine-bearing
o_| volcaniclastic kimberlite breccia
S
8-
=
2
8-
R 6.9to 124 BEDVK Bedded volcaniclastic kimberlite
- //
/
=3 /
7 /
/
B /
/
Q- /
v /
/
i / /
g / /
! / /
B / /
/ /
= / /
~ / /
: , Y
— /
8 S/
— / /
1 / /
= Vi /
o / //
2 124 t0 139.3 JLOVKB Juvenile lapilli and olivine-bearing / ,/
] volcaniclastic kimberlite breccia / ,/
o / /
~ | 4 /
- /
. //
5 139.3 to 154.5 MUDST Mudstone J/
wn —
oy //
154.5 EOH (m)

Drill Hole: 97 -5A-10 (Target K5A)
10-14-091-11w5 10

Dake Logged: Movermber 2, 2006

Logged by F.J. Hein;

Ground: 68848 m KB:0.00m

Remarks: Collar azimuth 45; Collar incline - 58. Cored Interval: 142.34
m to 153.75 m. Core quality: badly weathered. Examined
available sedimentary core from about 142,34 m to 153.75
m. Detailed log of sedimentary intersection.

it 2
= 3
GRAIN 51ZE 2 7 g
e | B g |8
w Esanufe 3 o § =
R — e 8 2 |&
B AV £ % 8 |k s
r== 1 £ F—Brown gray,
i o interbedded
146 & _ i M sandstone with
ii8 A T_; o . ..| minar shale.
| Mainly litharenite
150 A1 7T — t and quartz
152 B l ol f arenites. Low
I - '-| angle cross

stratification,
minor small scale
ripple structures.
Moderate to minor
degree of
bioturbation,
interpreted as
lower shoreface
sands.

Shale
interlaminations
are mainly
structureless.

—

Unconsolidated,
gltered crumbly
sand with heavy
Fe-stain and ochre
colauration. 7
Hydrocarbon
stained.

Shales are mainly
structureless,
with some
preservation of
lamination.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH-5A-10: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.

ERCB/AGS Geo-Note 2008-02 (March 2008) - 41



A)

0

Target: K6 Company: Ashton Mining Canada Inc.
Drill Hole: 6-7 Collar Azimuth: 360"

Location: 585549E , 6308383N Collar Incline: 80 °

Zone & Datum: Z11, NAD 27 Core Diameter: 47.6 mm (NQ)

Elevation: 574 masl Geologist Logging: R. Johnson

Start - End Date: 20/08/1997 - 22/08/1997 End of hole (EOH): 160.62 m

Depth (m)

Lithology

Core at MCRF*

Description

OVERBURDEN: 0.00 - 85.50 m: Fine sand to medium cobbles in a clay matrix.

KIMBERLITE: 85.50 - 99.97 m: Volcaniclastic kimberlite, fine to medium grained, green-grey, well-sorted and equigranular. Olivine crystals,
round to elliptical, range in size from 0.5 - 0.8 mm and another population ranges between 3 - 5 mm. The latter group are more abundant
(comprising 40% of the rock), are serpentinized, and have magnetite in their cores. Carbonate, shale and limestone xenoliths are round or
irregular in shape, and range from 7 - 40 mm, but comprise <<1% of the rock. Round and elliptical ameboid lapilli of 7 to 20 mm are observed,
but are also present in low numbers <<1%. The remaining 40% of the rock is composed of a medium green, cryptocrystalline serpentine matrix
with local areas of abundant carbonate. From 98.9 - 99.4 m, strong layering at 53° TCA is present. The bottom contact with the mudstone is
gradational with xenoliths of mud in the kimberlite.

MUDSTONE: 99.97 - 118.72 m: mudstone with minor sulfides and small white chemical(?) staining. minor sulfides (pyrite) are present. Lower
contact with kimberlite is sharp and at 90° TCA.

KIMBERLITE: 118.72 - 146.10 m: Same as kimberlite from 85.50 - 99.97 m, though overall grains size increases and xenolith sizes increase
locally. Bedding is less pronounced.

MUDSTONE: 146.10 - 147.60 m: Mudstone occurrence in kimberlite.

KIMBERLITE: 147.76 - 154.76 m: Same Kimberlite as described from 118.72 - 146.1 m.

MUDSTONE: 154.76 - 160.62 m: Partially lithified mudstone.

B)

Drill Hole: 97-6-7 (Target K6)

15-19-091-10w5 07

Dabe Logged: Movember 2, 2006

Logged by FoJ Hein, Collar Az 360, Collar Incline -60.

Ground: 574.00 m KB: 0.00m

Femanks: Collar azimuth 360; Collar incline - 60. Cored Interval:
O mto 160.62 m. Core quality: weathered. Examined
available sedimentary core from about 155 m to
160.62 m. No detailed log of sedimentary intersection
due to poor core guality and lack of preservation of

structures.
i
GRAINSIZE E
cobble E ﬁ 2
pebble o I b
@ grs::jule § % Z
| o W 2
|1 I I e
--------------- = Box 47 DOH 97
110 6-7
112 Silty shale,
fissile, breaks
1 into poker chips.
116 FPossible altered
i bentanitic shale
at about 1.5 ft
120 from top. Yery
122 thin, 1.5 -2 cm
thick, light green
124 alteration colour.
126 Basinal shales.
Contact with
e kimberlite not
130 SEEN.
156
158 T Box 22. Broken
— laminated light to
e il med gy shale,

slightly siltier
ghout 2 ft - 15

inches above base.

Few sed
structures aside
from laminations
noted. ¥ Basinal
shales.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-6-7: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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B)

Target: K6 Company: Ashton Mining Canada Inc.
Drill Hole: 6-10 Collar Azimuth: 270
Location: 585550E , 6308382N Collar Incline: 75 °
Zone & Datum: Z11, NAD 27 Core Diameter: 63.5 - 47.6 mm (NQ)
Elevation: 547 m asl Geologist Logging: R. Johnson Drill Hole: 97-6-10 (Targm K6)
Start - End Date: 26/08/1997 - 28/08/1997 End of hole (EOH): 197.20 m 15-19-091-10w?3 09
Dake Logged: Movemibxer 2, 2008
Legged byt FoJ. Hein
. Ground: 174.96m KB:0.00m
L - - - -
& Remarks: Collar azimuth 270; Collar incline - 75. Core quality:
£ = = weathered. Examined available sedimentary core
£ 2 b from about 182 m to 197 m. Detailed log of
2 L 5 & -
a8 3 8 Description sedimentary intersection.
7] OVERBURDEN: 0.00 - 85.80 m: Silt to large pebbels, granite, siltstone and limestone in a clay matrix.
o
=1 o
ii]
=
= GERAIM SIZE g
& 4]
’ ——————cabble E o] 2
———pebble o o
o o ———grahuls 3 8 z
@ i sand — o =)
B L £ 5 £
4 vemi | —clay = % 0¥ REMARKS ;
L[ - —-Mudstone, mainly
Q| HH—
i structureless,
/’ 2 play and fissile,
B // with less commaon
/ e sand interbeds,
- // ripple and flaser
© 2 %
' / < rippled, with
/ = = horizontal
= // lamination. Minor
/ o~ silty intervals.
/
a_| i Burrowed
. / -Bentonitic shale
// as a very thin Lhroughois,
S KIMBERLITE: 85.80 - 94.80 m: Volacaniclastic kimberlite is dark grey-green and predominantly fine-grained. Rounded to elliptical olivine / . interpreted as
ok crystals are present in two size populations. The smaller population ranges in size from 0.2 - 1 mm and the larger from 3 - 10 mm. Both / - A, — |nterl:|el:l, 1-2cm I h i
populations are dark grey-green to white in their interiors, are partially serpentinized and together comprise 50% of the rock. Infrequent small, 5 / o thick sitting over ower snoretace,
g mm, shale xenoliths occur. The remaining 50% of the rock is composed of a dark green cryptocrystalline serpentine-carbonate matrix. Pyrite / i T T & g deeper water
o replacement throughout. / - = £S5 athin organ ic
O | . y - . = b i
e MUDSTONE: 94.80 - 103.30 m: Partially lithified. / | o= shale. At the base | | 9BPOSit, below
. KIMBERLITE: 103.30 - 142.00 m: Same kimberlite as described above. / of the bentonitic wave base.
o . .
£ / shale is a thin,
o // possibly,
< // spkiz transgressive lag.
| /
3 | // Coarse grained
= / granular sand.
i / Still seems to be
o
S // - lower shoreface,
il COARSE GRAINED KIMBERLITE: 142.00 - 158.20 m: Dark grey-green, volcaniclastic kimberlite with abundant round to subround olivine / bioturbated, low
crystals of 2 - 5 mm size, comprising 30 - 35% of the rock. Angular to subround carbonate, limestone, shale and mantle xenoliths, some with / o
[ reaction halos, range in size from 3 - 30 mm and compose ~5% of the rock. Rounded to irregular shaped lapilli compose ~10% and are 4 - 15 / ang le cross
- mm. Occasional autoliths of a similar size occur. Where the rock is not clast-supported, a matrix of cryptocrystalline serpentine and carbonate £ ]
i composes 50-55% of the rock. // beddi ng. minar
o / organic detritus.
gf KIMBERLITE: 158.20 - 165.20 m: Same as kimberlite from 103.30 - 142.00 m. // Becormes more
4 _ o E
o MUDSTONE: 165.20 - 197.20 m: Partially lithified with some sandy layers. // -7 lithic towards the
S / - base.
A\ / Pl
~ .
/ -7 Broken shale ¥ in
8| / - place.
' //
-~
> -~
8 -
' — ~
//

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-6-10: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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A) B)
Target: K6D Company: Ashton Mining of Canada Inc.
. . o
Drill Hole: DDH6D-01 Collar Azimuth:
Location: 585334E ,6307691N Collar Incline; 90 °
Zone & Datum: Z11, NAD 27 Core Diameter: 63.5 mm (HQ)
Elevation: 579 masl Geologist Logging: Derrick Strickland
Start - End Date: 10/10/1997 - 13/10/1997 End of hole (EOH): 108.81 m
*
s
x
£ g
£ >
s £ =
g 2 v
a 5 8 Description
e OVERBURDEN: 0.00 - 93.57 m: Gray black intermix of sandy till, clay till (possible lake sediments), and diamicton till. Grain size varies from fine
il mud to coarse sand, massive in appearance. Granitic and sediment clasts up to 4x 7 cm. /
/
o_| /
= /
/
] /
/
& /
/
- /
/
%. ] //
= /
/
o /
5 /
/
b /
/
8- /
i /
/
o /
Q@ /
/
= /
/
2 /
! /
4 /
/
% ] //
/
7 /
/
/
7 MUDSTONE: 93.57 - 108.81 m: Black, fine grained (aphantic), bedding at 80° to core axis, breaks easily in hands, good core recovery. -
o _ -
(= _ -

* Symbol denotes hand-sized sample of core is available at Mineral Core Research Facility at Alberta Geological Survey

Page 1 of 1

Drill Hole: 6D-01 (Target K6D)

6-19-091-10w3> 01

Dabe Logged: Movember 1, 2006
Logged by FoJ Hein
Ground: S79.00m
Fermarks: Collar incline -90. Cored Interval: 1 m to 108.81 m.
Core guality: weathered. Examined availahle
sedimentary core from about 90 m to 108.81 m.
Detailed log of sedimentary core intersection.

kKB 0.00m
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o +——Fissile dark gray
laminated shale,
L interbedded with a
% Yery minor
Fe component of silty
= sand/sandy silt,
few structures
98 =i aside from
laminations are
'''''''''''' apparent. Laooked
S for fish scales but
------------ nothing definitive;
resembles
* westgate Fm.
102
----- Mainly thinly
laminated tao
104 figsile
shale/mudstone
""" alternating with
slightly coarser
106 grained silty,
""" sandy mudstone.
Patchy
O [ — Fe-staining and a

lot of sulphur
coming out of the
core an the
surface of the
core. Resembles
the
shale/mudstone
recavered in Drill
hole 7-14 Few
sedimentary
structures
preserved.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-6D-1: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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A)

Target: K6E
Drill Hole: DDHBE-01
Location: 585927E , 6309409N

Company: Ashton Mining of Canada Inc.
Collar Azimuth: ’
Collar Incline: 90 °

Zone & Datum: Z11, NAD 27
Elevation: 569 masl
Start - End Date: 14/10/1997 - 15/10/1997

Core Diameter:  63.5 mm (HQ)
Geologist Logging: Derrick Strickland
End of hole (EOH): 93.57 m

Depth (m)

0
J

Lithology
Core at MCRF*

Description

OVERBURDEN: 0 - 81.38 m: Glacial ill, clay-rich and with sand, pebbles, and cobbles up to 20 x 7 cm. Clast lithologies include sediments,
quartz, granite and gneiss.

MUDSTONE: 81.38 - 93.57 m: Gray black, very fine grained (aphantic) mudstone, bedding 80° to core axis, recovery varies between 70 and
90%, based on degree of consolidation. 0.5 m of grey black sandstone at 91.47 m.

* Symbol denotes hand-sized sample of core is available at Mineral Core Research Facility at Alberta Geological Survey Page 1 of 1

B)

Drill Hole; DDH-6E-1
8-30-091-10w> 01

Date Logged: Movember 3, 2006

Logged by: F.J. Hein

Ground: 569.00 m KB:0.00m

RPemarks: Collar incline =90. Cored Interval: 0 m to 93.57 m. Core
guality:weathered. Examined available sedimentary

core from 81 m to 94 m. Detailed log of sedimentary
core intersection.
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[ ] ——Light to dark gray,
| more fissile
s towards base,
™ pnsginly deeper
- marine shale
ki ibelow storm
e wave base),
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- Wesgtgate
Farmation.

Light to dark gray,
black shale,
becoming more
fissile towards
baze. Possible
dark sandstone
interbed at 91.5 m
depth. Platy poker
chip shale
fracture, ¥ marine
cshale succession.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-6E-01: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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B)

Drill Hole: 97-14-6 (Target K14A)
4-13-092-11w> 06
Dabe Logged: November 2, 2006
Logged by F.J. Hein
Ground: 60%.00m KB: 0.00m
Target: Kid Campany: Rshiton: Mining/or Gamas.Ing. Rerarks: Collar incline -179. Cored Interval: 78.8 m to 114 m.
Dill HBlEs DDkH12-06 CpliaR/ Zimitht . Core guality: weathered. Examined available
Location: 583162E , 6315101N Collar Incline: 179 sedimentary core from 78.8 m to 114 m. Detailed log
Zone & Datum:  Z11, NAD 27 Core Diameter: 63.5 mm (HQ) of sedimentary core intersection
Elevation: 605 masl Geologist Logging: Jeff Ward
Start - End Date: 24/10/1997 - 25/10/1997 End of hole (EOH): 114.90 m
o
]
=
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% W granule = % o
= = i i il =
£ = o L =]
= [ ) I‘I_'I = b =
s 9 o T sl x
*% 9 o b3 o = i REMLRES
a 5 8 Description
TILL: 0.0- 8.23m: Organics 8.23 - 53.8 m: Dark grey brown glacial till with subangular to subrounded clasts, (5%) 0.5 cmto 20 cm in size, I 1 + i
mainly granitic or gneissic composition. Sedimentary clasts such as limestone and rare siltstone are more angular and smaller in size. Matrix is // F a0 A Laminated gray
generally sandy in composition with some finer grained, clay rich sections. S F A =1 ight I}.l figsile
/ - g x
y e rudstone, with
/ F Fe —= :
% L 34 slightly coarser
’ = o silty bands in
/ - 36 4
J/ B! upper 142 of cored
/ - 55 = = interval with
J/ ¥ some Fe-stain and
,/ L siderite
J/ [ 321 alteration. A lot
,/ o Fa: iy of sulphur is
,/ [ os ] corming out of core
,/ [ ] surface in lower
/
KIMBERLITE: 53.80 - 59.60 m: Dark green-black granular unit with moderately sharp upper contact. Top 1 m contains a fibrous wood fragment 4 98 1 2/3 of cored
up to 3 cm in length. Semi-consolidated but crumbles easily to a mica/serpentine olivine/carbonate sandy clay that reacts readily with HCI. // F interval. Bad |},|
Grades into kimberlite gravel section below. / 100+ )
KIMBERLITE: 59.60 - 66.17 m: Kimberlite gravel and cobbles in a carbonate clayey sand matrix. Clasts are greenish to beige green when // F veathered on
extremely carbonate-rich and serpentine altered, up to 12 cm in size. Clasts are of an olivine lapilli tuff. Altered olivine macrocrysts up to 0.5 / F102 surface in the
cm. Small <1 cm) granitic xenoliths present. // 3 lawer 1/2 - 2/3
TILL: 66.17 - 78.80 m: Glacial till, similar to 0 - 53.80 m section with some fining of grain size at depth, with uncommon kimberlite clasts, <5 cm, / 104 Wi X
altered. Clasts of mainly subrounded granite/gneiss make up 1 - 2% of till and can be up to 10 cm. Matrix is sandy to silty clay at depth // F where it is finer
[ 1751 grained and lacks
MUDSTONE: 78.80 - 114.90 m: [ 1
105 the patchy Fe-st
. o] cement and
1104 ;
[ alteration.
112 £ in'
| Good ‘poker-chip
S AIEL shale at the base;
P resembles the
"7 westgate Fm, but
"7 no fish scales
SEEN.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-14-06: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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A)

Target:
Drill Hole!
Location:

Zone & Datum:

Elevation:

Start - End Date: 25/10/1997 - 28/10/1997

K14 Company: Ashton Mining of Canada Inc.
DDH14-07 Collar Azimuth: ’

583162E,6315101N Collar Incline: -60 °

Z11, NAD 27 Core Diameter: 63.5 mm (HQ)

605 m asl Geologist Logging: J. Ward/D. Skelton

End of hole (EOH): 245.96 m

x
(i
o
(5]
- =
3 ®
£ g -
35 3 Description
N2~ TILL: 0.00 - 57.23 m: Grey glacial till with subangular to subrounded clasts, 0.5 cm to 10 cm in size - large clasts are rare, sedimentary clasts
1 <&< 2 are always small. Clasts mainly granitic or gneissic composition and are rounded. Sedimentary clasts such as limestone and siltstone are rare
: & and more angular i i i iti i i

Clasts <5% of unit, matrix is generally sandy in composition however some finer grained clay rich sections are present.

KIMBERLITE: 57.23 - 70.00 m: Kimberlite sand with minor gravel. Dark green-black granular unit with moderately sharp upper contact.
Semi-consolidated but crumbles easily to a mica/serpentine olivine/carbonate sandy clay that reacts readily with HCI. Sand becomes
increasingly coarse down the section. Grades into kimberlite gravel/boulder section below.

KIMBERLITE: 70.00 - 75.65 m: Kimberlite gravel and cobbles in a cb clayey sand matrix. Kimberlite clasts greenish to beige green when
extremely carbonate and serpentine altered, up to 30 cm in size. Clasts are of an olivine lapilli tuff. Altered olivine macrocrysts

TILL: 75.65 - 78.81 m: Glacial till with some fining of grain size at depth and contains kimberlite clasts. Clasts of mainly subrounded
granite/gneiss make up 1 - 2% of till, up to 5 cm. Kimberlite clasts are common, <5 cm in size and very altered. Matrix is sandy to silty clay at
depth. No bedding is apparent.

KIMBERLITE TUFF: 78.81 - 169.77 m: Black green to light green fine grained macrocrystal tuff. 50% olivine, 45% carbonate/serpentine matrix,
5% xenoliths. The matrix is aphanitic carbonate/serpentine containing <1 mm altered olivine and trace ~1% brown mica. Olivine measure from
1 -5 mm (rarely up to 1 cm), are fractured and replaced by carbonate, serpentine and black serpentine? -In some sections brown mica <1 mm
was observed constituting up to 5%. Olivine-cored lapilli are sparse (2% max locally) and generally <5 mm, with only a few exceptions (up to 2
cm - 86.3 m). Lapilli are rounded and contain fine grained-olivine <=1 mm in an aphanitic serpentine matrix. Xenoliths comprise granite and
limestone with the occasional gneissic clast. Shale is relatively rare. Upper section is fragmented kimberlite with sand and shale. Lower contact
is sharp at 64° to core axis.

MUDSTONE: 169.77 - 207.33 m: Dark grey brown to black brown colour . Fine grained, poorly consolidated beds of mud and silt.
beds <2 cm in width. Laminated beds 60 - 62° TCA. Occasional buff coloured ash beds, <~5 cm in width

Individual

KIMBERLITE: 207/33 - 209.39 m: Grey green, carbonate-olivine macrocrysts <5 mm. Contact at 28° to core axis. Some turbation and carbonate
veining on lower contact.

MUDSTONE: 209.39 - 213.52 m: As described for intersection 169.77 - 207.33 m.

KIMBERLITE TUFF: 213.52 - 213.81 m: Graded tuff. Completely replaced to brown carbonate(?). Fine grained grading to coarse grained down
hole. Relict macrocrysts and xenoliths. Contact is sharp at 58° to core axis.

MUDSTONE: 213.82 - 245.96 m: As described for intersection 169.77 - 207.33 m

B)

Drill Hole: 97-14-7 (Target K14)
4-13-092-11w3 07

Dale Logged: Movernber 2, 2006
Logged by: F.J. Hein

Ground: 605.00 m

KE: 0.00m

Retnarks: Collar incline -60. Cored Interval: 0 m to 245.96 m. Core guality:

weathered. E available s ary core from 169.77
mto 245.96 m. Detailed log of sedimentary core intersection,
which was combined with published logs of the ore
intersection.
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F\—r‘lainly mudstone,
with thin
sandstone
intersection at
170 m. Mudstone
is mainly massive,
with some sulphur
caming aut an the
core surface. Fine
grained, poarly
consolidated mud
and silt interbeds.
Some lamination
defined by subtle
calour changes
from light gray, to
medium to dark
gray alternations.
Laminationg at 60
degrees to core
axis. Mudstone
fissility increases
with depth, with
decreasing silt
content

t—Mudstone, dark
gray brown to
black brown in
colour, laminated,
with increasing
fissility along
with decrease in
silt content

Kimberlite tuff

Mudstone, dark
gray brown to
black brown in
colour, laminated,
with increasing
fissility along
with decrease in
51t content

F—Sandstone,
quartz-rich,

heavily brecciated
and fractured,
iron-stained, with
low angle cross
bedding and
bioturbation
structures,
interpreted as
fractured, and
possibly faulted,
lower shoreface
sandstone.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-14-07: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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A)

Target:
Drill Hole
Location:

Zone & Datum:;

Elevation:

Start - End Date: 22/10/1997 - 23/10/1997

K14B Company: Ashton Mining of Canada Inc.
DDH14B-01 Collar Azimuth: ’

582820E,6315277N Collar Incline: -90

Z11, NAD 27 Core Diameter: 85.0 mm

620 m asl Geologist Logging: Dave Skelton

End of hole (EOH): 89.00 m

Depth (m)

* Symbol denotes hand-sized sample of core is available at Mineral Core Research Facility at Alberta Geological Survey

Lithology

Core at MCRF*

Description

OVERBURDEN: 0.00 - 12.87 m: Dark gray black clay rich glacial till with 10% subangular to subrounded clasts. Crystalline intrusive and
sedimentary cobbles and pebbles, clasts up to 5 cm. Till contains some sand but no identifiable sand layers.

SHALE: (SHALE WITH KIMBERLITE HORIZONS) 12.87 - 18.50 m: Dark gray to black shale with pale green gray kimberlite interbeds. Bedding
was observed in the shale at 75 - 80° some x-bedding was observed in the more sandy sections. Recovery is complete, approx 60% is
unconsolidated fragments in a mud matrix. Talc alteration of the shale is present throughout the unit (greasy shale). Shale fragments in the clay
are typically pebble to cobble sized. Bedding is not well developed in competent sections. Clay matrix is kimberlitic in one section. Kimberlitic
units are competent and appear conformable - one irregular contact with the shale was observed. Kimberlite is fine to medium grained.
Kimberlite is very weathered, original textures have been overprinted in the fine grained sections. Olivine (replaced and fresh), phlogopite, and
chromite were observed <2 mm no pyrope. Shale fragments are present <5 cm) but rare. Carbonate rich (very active acid reaction) and
serpentinized

KIMBERLITE: 18.50 - 80.53 m: Predominantly medium gray green. Variably altered olivine macrocrysts, 0.1 - 1 ¢cm, comprise 40-60% of
constituents. Olivine crystals are rounded and internally fractured, varying in colour from black to dark green to white. Towards the EOH the
olivine macrocrysts become increasingly carbonatized and white. Olivine is in an aphanitic matrix composed of serpentine and very fine olivine
phenocrysts -Texture from fine to medium grained (olivine macrocrysts) with variable xenolith content. Xenoliths are present up to 20 cm some
sections have a brecciated texture due to the proliferation of clasts in these areas. Xenolith lithologies include shale, limestone and very rare
mantle xenoliths. Lapilli and cored laplli (with xenolith cores) are present but very rare and small. Texture varies throughout the section:
generally medium at the top, fine in the middle and medium at the bottom no separate internal units

MUDSTONE: 83.83 - 89.00 m: Light gray colour. Entire unit is broken fragments. Talc alteration is present. Fragments are mostly pebble size
and angular

B)
Drill Hole: 97-14B-1 (Target K14B)
4-13-092-11w> B1
Dake Logged: Movember 3, 2006
Logged by F.J. Hein
Ground: G20.00 m kB 0.00m
RPemarks: Callar incline =90. Cored Interval: 0 m to 89 m. Core quality:
weathered. Examined available sedimentary core from 12.87
m to 18.5m and from 83 m to 89 m. Detailed log of sedimentary
core intersection combined with published logs of ore
intersection.
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Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-14B-01: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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A)

* Symbol denotes hand-sized sample of core is available at Mineral Core Research Facility at Alberta Geological Survey

Target: K14B Company: Ashton Mining of Canada Inc.
Drill Hole: DDH14B-04 Collar Azimuth: ’
Location; 582820E ,6315277N Collar Incline; 60’
Zone & Datum: Z11, NAD 27 Core Diameter: 85.0 mm
Elevation: 620 masl Geologist Logging: Jeff Ward
Start - End Date: 28/10/1997 - 30/10/1997 End of hole (EOH): 95.05 m
il
¥
A g
£
: 8 @
B 2 o
a 3 § Description

OVERBURDEN: 0.00 - 22.24 m: Triconed to 22.14 m, no recovery. 10 cm of black gray mud with possible kimberlite content (micaceous clay).

KIMBERLITE: 22.24 - 78.60 m: Color varies from medium gray green to blue green when serpentinized. Altered olivine macrocrysts, 0.2-1.0 cm,
comprise 40,-50% of rock. Several sequences of macrocrysts coarsening at depth separated by abrupt size changes over 10 cm, suggest
graded bedding. Qlivine crystals are rounded and internally fractured, varying in color from black to dark green to white depending on amount
and type of alteration. Sparse lapilli (and pelletal lapilli) up to 1 cm are often nucleated on euhedral olivine crystals <5 mm andfor lithic fragments
of similar size. -Xenoliths with variable lithologies occur throughout the kimberlite. Clasts are mainly shale and limestone however rare granite,
gneiss, ultramafic xenoliths were observed. Matrix (30 - 40%) is a serp/carbonate aphanitic groundmass that varied in color from yellow green
when carbonate to blue green when serpentine. Matrix also contains very fine olivine phenocrysts (1-2 mm) and trace brown mica <1 mm)
chromite and/or magnetite. Rock locally exhibits subtle fabric 60 - 65° to core axis with preferred orientation of macrocrysts and xenoliths. Near
lower contact (~70.00 m) kimberlite is fractured, foliated and has carbonate stringers 5-30° to core axis. At bottom of unit, kimberlite is reduced
to rubble in a serp clay matrix. Several shale, mud and sand seams.

KIMBERLITE BRECCIA: 78.60 - 90.10 m: Kimberlite (60%) with shale and mud layers, breccia and clasts with embayments (40%). Olivine
macracrystal tuff (~7.5 mm) has angular to rounded irregular shale clasts up to 30 cm. Shale is also present as disturbed 1 m bituminous/oil
layers. Limestone is sparse and the only other country rock noted. Rock is locally fractured with no apparent bedding in kimberlite or shale/mud.
Extensive fabric and carbonate texture ~25° to core axis.

MUDSTONE: 90.10 - 95.09 m: Gray brown, poorly consolidated unit with no apparent bedding. Breccia portions have angular mudstone/shale
fragments set in a mud clay matrix.

Page 1 of 1

B)

DDH-87-14B-04
4-13-092-11w> B4

Dabe Logged: Mevember 3, 2006

Logged by FoJ. Hein; Collar Incling - GO

Ground: B20.00 m KEB:0.00m

RPemarks: Yery poor core. Badly weathered, medium to light
gray, fissile silty mudstone, with increased fissility
towards the base. Box 45 has full recovery. B ox 46

has only about 25% recovery { 95 m depth). Mot
logged,very poor core for sedimentary

environments.
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Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-14B-04: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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A)

Target:

Drill Hole:
Location:

Zone & Datum:
Elevation:

Start - End Date: 09/10/1997 - 11/10/1997

14C

DDH14C-01
583029E ,6315357N
Z11, NAD 27

610 masl

Company:

Collar Azimuth:
Collar Incline:
Core Diameter:
Geologist Logging:
End of hole (EOH):

Ashton Mining of Canada Inc.
90’

85.0 mm

Derrick Strickland

81.83m

*
L
04
£ =
£ >
: 8 =
B 2
o 5 3 Description
s
OVERBURDEN: 0.00 - 14.70 m: Brown-green, silty till, variably clast-rich and poor.
o o= |
KIMBERLITE: 14.70 - 60.60 m: Green, medium to coarse grained, equigranular volcaniclastic kimberlite, consisting of rounded olivine
- macrocrysts, light green-brown in colour 3 x 3 mm, (35 - 40% of the rock) and a microcryst population of <1 mm olivine which constitutes
b another 30%, all in a serpentine matrix. Much of the olivine has been serpentinized as well. Xenoliths of fine black shale up to 3.0x 7.5 cmin
i size comprise 5 - 10% of the rock. Xenoliths of carbonate, <3 x 2 cm are also present, 3 - 5%. Lapilli and/or autoliths are present in amounts of
15-20%.
(=]
8-
(=]
g
o
B8
B
' MUDSTONE: (MUDSTONE AND SANDSTONE) 60.60 - 66.14m: Grey in colour, fine grained, not yet fully consolidated, has a muddy feel with
B bedding 30°- 40° TCA. 66.14-70.10 m: Sandstone: Grey-brown, fine-grained, unconsclidated. 70.10 - 75.28 m: Mudstone, as above. 75.28 -
- 75.79 m: Sandstone, as above. 75.79 - 78.72 m: Mudstone, as above.
o
% - KIMBERLITE TUFF: 78.72 - 78.93 m: Grey in colour, medium to coarse grained, silica rich, 30 - 40% looks like the olivine has been altered to
silica. Lapilli 5 - 10%, with largest being 1.2 x 1.2 cm altered to light green with a kernel of silicified olivine. Carbonate crystals are up to 1x1 mm,
<1% of the rock. Shale xenoliths 10 - 15%, up to 0.5 x 0.5 cm, black. Contacts above and below are sharp, 70° TCA and show minor amounts
of contact alteration. Upper contact fine grained for 1 cm and is darker gray than the rest of section.
\MUDSTONE 78.93 - 81.83 m: Grey, fine grained, muddy, not fully consolidated, bedding at 30 - 40° TCA.
* Symbol denotes hand-sized sample of core is available at Mineral Core Research Facility at Alberta Geological Survey Page 1 of 1

B)

Drill Hole: 97-14C-01 (Target K14C)

4-13-092-11w> C1

Dats Logged: Movemibxer 3, 2008
Logged by: F.J. Hein
Ground: 610.00m KB:0.00m

RFemarks: Collarincline -90. Cored Interval: 0 m to 81.83 m. Core
guality: badly weathered. Examined available
sedimentary core from 61 m to 82 m. No detailed log
of sedimentary core intersection, badly weathered.

Till: 0m to 14.7 m.
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Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-14C-01: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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A)

Target: K14C Company: Ashton Mining of Canada Inc.
Drill Hole: DDH14C-02 Collar Azimuth: ’
Location: 583029E ,6315357N Collar Incline: 70°
Zone & Datum: Z11, NAD 27 Core Diameter: 85.0 mm
Elevation; 609 masl Geologist Logging: Derrick Strickland
Start - End Date: 10/10/1997 - 13/10/1997 End of hole (EOH): 87.47 m
i
74
: 2
£
c 8w
) 2 o
8§ 5 8§ Description
o

* Symbol denotes hand-sized sample of core is available at Mineral Core Research Facility at Alberta Geological Survey

OVERBURDEN: 0.00 - 19.81 m:

KIMBERLITE: 19.81 - 69.80 m: Green, volcaniclastic kimberlite, with 2 generations of olivine. -Macrocrystal <2.0 cm) olivine 40% -45% and
ground mass olivine 30% - 35% (euhedral to subhedral). Lapilli, 20% - 25%, <2 x 3 cm, dark green in colour, irregular boundaries, composed of
olivine crystals 30% - 35%, chromite <5%. -Black shale xenoliths <5%, with thelargest being 7 x 3 cm along the entire width of the core. <4%
carbonate clasts 1.0 x 2.2 cm. <1% pyrite blebs thatalter to reddish brown <0.6 x 0.6 cm. Minor amount <3% carbonate alteration and oxidation.

YNRSHANE78281 700580 m U KAstonstilbreakieqslkdadimndsght brownwith rounded quartz, feldspar grains 5-10%, reacts with HCI.

SANDSTONE: 70.80 - 77.50 m: Grey, unconsolidated, bedding at 35° TCA.

MUDSTONE: 77.50 - 79.90 m: Grey-black, massive, unconsolidated.

KIMBERLITE: 79.90 - 80.50 m: Grey, med-grained, silica-rich with olivine replaced by silica. Lapilli, 5-10%, xenoliths of shale15-20% with baked
\rims. Section has distinctive appearance from kimberlite above. Clean contact, no alteration.

MUDSTONE: 80.50 - 87.47 m: Mudstone: grey-black, unconsolidated, bedding at 35-40° TCA.

Page 1 of 1

B)

Drill Hole: 97-14C-02 (Target K14C)
4-13-092-11w5 C2

Dabe Loggsd: Movembxer 3, 2006

Logged by F.J. Hein; Collar Az MNA; Collar Incline -70.

Ground: 609.00m

KB:D.00m

Pemarks: Collar incline =70. Cored Interval: 0 m to 87.47m. Core
quality: weathered to badly weathered. Examined
available sedimentary core from 70 m to 87 m.
Detailed log of sedimentary core intersection.

oy
L
£
GRAIN SIZE g
[ix}
cobble E E ﬁ
pebble i o o
@ grarule é % Z
o g o 2
W T O =
= 3 0z FEMARKS
I me Lth "= vV Micaceous, lithic,
X fine silty
[0 ; + sandstone
I e Lih T _____ alternating with
5 fractured and

fragmental
siltstone, possibly
mare calcareous
towards the basze.
Locally is possibly
bentonitic (vwwl
Badly weathered,
no burrows,
possibly
continental
sediment.

Becoming more
lithic downcore,
with increased
iron-staining, and
possibly
calcareous
towards base. No
burrows observed,
dominated by
cross bedding, no
features
characteristic of
lower shoreface
environment,
possibly
continental in
arigin.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-14C-02: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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A)

B)
Target: K14C Company: Ashton Mining of Canada Inc.
. . 0
Drill Hole: DDH14C-03 Collar Azimuth:
Location: 583029E ,6315357N Collar Incline: 70°
Zone & Datum:  Z11, NAD 27 Core Diameter:  85.0 mm
Elevation: 609 masl Geologist Logging: Derrick Strickland
Start - End Date: 13/10/1997 - 1510/1997 End of hole (EOH): 82.90 m
*
L
14
: =
€ >
: § @
& 2 ¢
0 = o o r
a3 g Description
o OVERBURDEN: 0.00 - 13.90 m: /
/
/
o _| //
= /
/
1 /
//
@]
S KIMBERLITE: 18.90 - 64.30 m: Green, volcaniclastic kimberlite with two generations of olivine. Macrocrystal <2.0 emx 1.0 cm) olivine, 35 - 40% //
and groundmass olivine 30 - 35% (euhedral to subhedral) with up to 45 - 50% at top of holeand 5 - 10% at hottom being serpentinized. Matrix /
7 (25 - 30%) is aphanttic, dark green. Lapilli 25 - 35%, <2 cm x 3 cm, dark green in colour: irregular boundaries, composed of subhedral olivine /
- crystals 30 - 35%, chromite <5%, brown subhedral; mica ~5% and aphantic matrix. Black shale xenoliths <8%, with the largest being 5 cm x 10 / ,
0 cm. Approximately 30% of the shale has olivine enclosed. Minor amount, <3%, carbonate alteration. <4% carbonate clasts up to 6.0 x 7.0 cm. / /
Sections where carbonate completely replaces the serpentine matrix <4% of the rock. <1% pyrite blebs that alter to reddish brown <0.6 x 0.6 // /
B cm. Kimberlite alters to a yellow green where groundwater interaction has occurred. , /
/
8 = // /
‘ / ,/
4 /
i / /
/ /
o / /
B /
i // /
il / //
/ /
o / /
© / /
/ J/
1 SANDSTONE: 64.30 - 66.14 m: Sandstone: Grey-green, fine grained, uncosolidated. /
g— MUDSTONE: 66.14 - 70.81 m: Grey-black, massive. /
SANDSTONE: 70.81 - 73.50 m: As described above. //
1 /
& MUDSTONE: 73.50 - 82.90 m: Mudstone: Grey-black, bedding at 75- 80° TCA. //
D= /

Drill Hole: 97-14C-03 (Target K14C)
4-13-092-11%% 03

Dabe Logged: Movermber 3, 2006

Logged by F.J. Hein
Ground: 609.00 m

kB 0.00m

Femarks: Collar incline -70. Cored Interval: 64.3 m to 82.9 m.
Core guality: weathered to badly weathered.
Examined available sedimentary core from 64.3 m to
829 m. Detailed log of sedimentary core

intersection.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-14C-03: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.

i
GRAIN SIZE §
———uobble E ﬁ %
| — i : 5 2
0 z g 2
= ‘l'cl']’lf‘l"_rclav = 5 B REMARKS
% % .. [—Gray, greenish
fifs W W
caste, sandstone,
65 unconsolidated,
70 fine grained.
. Trough
72 1| crossbedded fine
5 - sandstone
o '-| interpreted as
e _ possible
72 ¥ “ Pl continental
5 o (fluviall in origin,
S largely guartz
)i @ arenites.

Dark gray to black
silty mudstone
with conchoidal
fracture
throughout, rare
platy fracture in
shalier intervals
(i 81.28 m).

Sand, grey, with
some silty shale
and gray mudstone
interbeds.
FPossible
pedogenic
structures (peds),
badly weathered.

|—Fining—upward
cycles of gilty
zand to sandy
silty to silty
rud/mudstaone.
Mainly massive. In
more clayey there
is amore fissile
platy fracture;
otherwise where
it ismore silty
there is a blocky
fracture. Possible
pedogenic
mottling (peds)
within upper fine
grained intervals.
Locally
non-calcareous
cemented zones,
iron-stained.
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A)

Target: K14C Company: Ashton Mining of Canada Inc.
Drill Hole: DDH14C-04 Collar Azimuth: ’
Location; 583029E , 6315357N Collar Incline: 75 °
Zone & Datum:  Z11, NAD 27 Core Diameter: 85.0 mm
Elevation: 609 masl Geologist Logging: Andrew Berry
Start - End Date: 15/10/1997 - 17/10/1997 End of hole (EQH): 69.19 m
i
14
e S
£
: 8§ s
g 2 2
a5 8 Description

0
J

OVERBURDEN: 0.00 - 24.75 m: Crystaline intrusive bodies and cobbles

-10
I

Fine grained, rounded olivine phenocrysts, 30 - 40%, in an aphanitic serpentine + carbonate + clay matrix. Common irregularly-shaped and
rounded lapilli (20-30%). 1 - 3% rounded to subangular sedimentary xenoliths. 3 - 10% black shale xenoliths up to 5 cm wide with embayed
olivine grains. Weak to strong interstitial carbonate alteration in matrix and weak carbonate fracture network which increases slightly in intensity
towards lower contact. Strong oxidation towards lower contact, muddy soft yellow ground.

KIMBERLITE: 24.75 - 59.64 m: Medium brown green to dark grey green. Green to white subhedral olivine macrocrysts, 15 - 25% of constituents.

MUDSTONE: 59.64 - 69.19 m: Dark greyish black, weakly consolidated interbedded muds and silts, locally grading to fine sands.

* Symbol denotes hand-sized sample of core is available at Mineral Core Research Facility at Alberta Geological Survey Page 1 of 1

B)

Drill Hole: DDH-14C-04 (Target K14C)
4-13-092-11w> C4

Dake Logged: Movember 3, 2006
Logged by F.J. Hein
Ground: 609.00m KB: 0.00m

Femarks: Collar incline =75, Cored Interval: 0 m to 69.19 m. Core
quality: weathered. Examined available sedimentary
core from 60 m to 689 m. No detailed log of
sedimentary core intersection. Not very useful for
sedimentary facies or environmental interpretation.

o
Ly
=
GRAIN SIZE 2
o
cobble £ b
pebble ﬂ i o
m ———————qgranule 3 % =
[rs |_75=a.r1d = u )
5 v fw it % g %
T o = e B REMARKS
[ ] —Dark gray to black,
f2 silty mudstone,
weakly
consolidated;
interbedded

mudstone and
siltstone, locally
grading to fine
sands.

Minor silty
gandstone lenses.
Increased
Fe-staining
towards base.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-14C-04: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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A)

Target:
Drill Hole
Location:

Zone & Datum:

Elevation:

Start - End Date: 17/10/1997 - 18/10/1997

K14C

DDH14C-05
583029E , 6315357N
Z11,NAD 27

609 masl

Company:
Collar Azimuth:
Collar Incline:
Core Diameter:

Ashton Mining of Canada Inc.

0

60
85.0 mm

Geologist Logging: Andrew Berry
End of hole (EOH): 58.52 m

Depth (m)

Lithology

Core at MCRF*

Description

OVERBURDEN: 0.00 - 21.94 m: Dark grey-black, clay-rich glacial till. Localized sands and a distinct gravel bed sitting just above lower contact.

KIMBERLITE: 21.94 - 55.40 m: Medium brown green to dark grey green. Coarse subhedral altered olivine macrocrysts, 10 - 20% of
constituents. 2nd population of fine grained, green rounded olivine phenocrysts, 25 - 40% of rock in an aphanitic light green serpentine +
carhonate t clay matrix. Common lapilli (20 - 30%), irregular shapes. ~3 - 5% rounded to subangular white to brown sedimentary xenoliths. 5- 10%
angular to predominantly rounded black shale xenoliths up to 3 cm. Weak to strong interstitial carbonate alteration. Localized grey clay seams to
10 cm wide towards lower contact. No obvious preferred orientation to unit.

/7 ochre-coloured

MUDSTONE: 55.40 - 58.52 m: Medium brownish grey, weakly consolidated interbedded silts and sands. Locally well defined bedding at 60° to
core axis.

* Symbol denotes hand-sized sample of core is available at Mineral Core Research Facility at Alberta Geological Suvey Page 1 0f1

B)

Drill Hole: 97-14C-5 (Target K14C)
4-13-092-11w> C5

Date Legged: 131001997 - 18/1001997

Logged by Andrew Bemy

Giround: 609.00m KB D.00m

Remarks: Collar incline -60. Cored Interval: 0m to 538.532 m. Core guality:
weathered to badly weathered Examined available sedimentary

core from 56 m to 59 m. Detailed log of sedimentary core
intersection.

GRAIN SIZE

cobble

FHYSICAL STRUCTURES
ACCESSORIES
ICHNGOFOSSILS
HYDROCAREON SHOWS
FRACTURES

REMALRES

——Mudstone, medium
brownish gray,
weakly

consolidated,

/ / interbedded silts

/ / and sands. Local |y
/ / well defined
/) bedding at &0
/S ) degrees to core
/ / axis. Badly
/ / weathered, in
r coarser silty to
i/ sandy intervals is

/ R

/ shale. Yery silty,
/ possibly a fluvial
(continental)
SUCCRSSion.
Mazsive,
non-calcareous
with vary few
primary
sedimentary
structures.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-14C-05: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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A)

Target: K14C Company: Ashton Mining of Canada Inc.
Drill Hole: DDH14C-06 Collar Azimuth: '

Location: 583029E , 6315357N Collar Incline: 90"

Zone & Datum:  Z11, NAD 27 Core Diameter:  85.0 mm

Elevation: 609 masl Geologist Logging: Dave Skelton

Start - End Date: 18/10/1997 - 20/10/1997

End of hole (EOH): 69.19 m

Depth (m)

Core at MCRF*

Lithology

Description

OVERBURDEN: 0.00 - 27.00 m: Recovery represents only a 2 m section just before the bedrock contact. Overburden section comprises a 30 cm
till intersection and a 1.7 m section of coarse angular to subrounded clasts lithology includes shale and kimberlite (kimberlite is up to 10 cm).
-Dark grey-black clay-rich glacial till with 10% subangular to subrounded clasts. Crystalline intrusive and sedimentary boulders, cobbles and
pebbles, clasts up to +10 cm. Clasts are without matrix and range from pebbles to small boulders.

SHALE: (SHALE WITH KIMBERLITE HORIZONS) 27.00 - 34.55 m: Dark grey to black shale with 10 cm to >1 m wide kimberlitic sections. Unit is
very broken. Fragments are subangular and range from <1 to 30 cm. Talc alteration of the shale is prevalent throughout the uniThe kimberlitic
sections are pale green and are generally composed of very fine grained kimberlitic material and small, angular shale clasts the kimberlitic
material is present as a matrix for the broken shale clasts. These sections crumble easily and are very weathered, however, primary textures are
visible (including relict olivine, shale xenoliths, and phlogopite). Difficult to determine if the section is comprised of boulders or is a distinct unit?
Loosely consolidated talus and mud? 27.44 - 27.70 m: Kimberlite. 28.22 - 28.33 m: Kimberlite. 31.85 - 33.15 m: Kimberlite. 33.27 - 34.00 m:
Kimberlite

KIMBERLITE: 34.55 - 60.60 m: Predominantly medium grey-green to pale beige-green. Variably altered olivine macrocrysts, 1- 7.5 mm,

comprise 40 - 60% of rock. Olivine is rounded and internally fractured. 2nd population of fine grained, green rounded olivine phenocrysts usually
<1 mm locally altered to white clays, comprise 25 - 40% of rock in an aphanitic light green serpentine + carbonate + clay matrix. The texture is
generally defined by the size and abundance of olivine xenocrysts since country rock xenoliths are not common. Grain size fines towards the
bottom of the hole. Embayed olivine grains were ohserved in several places. Texture is relatively homogeneous over a given section of core
(changes occur gradually). Rounded lapilli up to 1.5 cm (5%) ~3 - 5% rounded to subangular white to brown sedimentary xenoliths with

occasional alteration halos. 5 - 10% angular to predominantly rounded black shale xenoliths up to 3 cm. ~1 - 3% fine to very fine grained dark gray
to black tuff xenoliths (or altered shale?) with irregular margins and commonly contain embayed olivine's grains. Weak to strong interstitial
carbonate alteration in matrix and weak carbonate fracture network. No obvious preferred orientation to unit. Strong oxidation, soft yellow ground
and large black shale xenoliths towards lower contact, contact destroyed.

MUDSTONE: 60.60 - 69.19 m: Light grey colour. Fine grained weakly consolidated interbedded muds and silts. Locally well defined bedding at
60° to core axis. Unit is incompetent. From 65.40 - 69.19 m the material is very sandy and unconsolidated.

* Symbol denotes hand-sized sample of core is available at Mineral Core Research Facility at Alberta Geological Survey Page 1 0f 1

B)

Drill Hole: 97-14C-06 (Target K14C)
4-13-092-11w> C6

Dake Logged: Movember 3, 2006
Logged by F.J. Hein, Collar Incline -90.
Ground: 608.00m KB:0.00m

Femarks: Collar incline =90, Cored Interval: 0m to 69.17 m. Core
guality: unconsolidated, blocky weathered, broken.
Examined available sedimentary core from 62 m to 69 m.
Detailed log of sedimentary core intersection.
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f black, interbedded
321 with kimberlite,
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il
fi24 b +—Light gray
b T mudstone,
g . underlain at 61.57
%1 i to 6314 m soft
63| Fe unconsalidated

‘=1 sands, possibly

hydrocarbon
stained,
alternating with
blocky silty shale.
Small scale trough
cross bedded at
top of the
interval, with a
few small vague
burromws.

Fine sandstone,
mainly
unconsalidated,
braken.
Ochre-coloured
and iron-stained,
possibly altered.

Silty mudstone.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-14C-06: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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A)

Target:
Drill Hole
Location:

K14C
DDH14C-07
583029E , 6315357N

Zone & Datum: 211, NAD 27
Elevation:

Start - End Date: 20/10/1997 - 21/10/1997

609 m asl

Company:

Collar Azimuth:
Collar Incline:
Core Diameter:
Geologist Logging:
End of hole (EOH):

Ashton Mining of Canada Inc.

o

-70

85.0 mm
Dave Skelton
76.80 m

Depth (m)

Lithology

Core at MCRF*

Description

OVERBURDEN: 0.00 - 24.38 m:

SHALE: 24.38 - 32.61 m: Dark grey to black shale. Unit is comprised of two alternating shale horizons: continuous shale and shale
pebblesffragments in a clay matrix. Talc alteration of the shale is prevalent throughout the unit (greasy shale). Shale fragments in the clay are

typically pebble to cobble sized. Clay is not kimberlitic. Bedding is not well developed in competent sectlons.

KIMBERLITE: 32.61 - 67.50 m: Predominantly medium grey-green to pale beige-green. Variably altered olivine macrocrysts, 1-7.5 mm
comprise 40 - 60% of constituents. Olivines are rounded and internally fractured. Second population of fine grained, green, rounded olivine
phenocrysts? Usually <1 mm locally altered, comprise 25 - 40% of fabric in anaphanitic light green serpentine + carbonate + clay matrix. Three
distinct phases based on textural variations were observed: coarse olivine, fine olivine and a lapilli-rich section, transitions are gradual.
Embayed olivine grains in shale were observed. Texture is relatively homogeneous over a given section of core (changes occur gradually) but is
variable throughout the section. 5% rounded lapilli up to 2.0 cm (large lapilli are uncommon). <5% angular to predominantly rounded black shale
xenoliths up to 3 cm -these are generally smaller and not common. Discontinuous weak to strong interstitial carbonate alteration in matrix and
weak carbonate fracture network. No obvious preferred crientation to unit. Strong oxidation and large black shale xencliths towards lower

contact.

MUDSTONE: 67.50 - 76.80 m: Light grey, fine grained, weakly consolidated interbedded muds, silts, and sand. Locally well defined bedding at

60° TCA

* Symbol denotes hand-sized sample of core is available at Mineral Core Research Facility at Alberta Geological Survey

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-14C-07: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.

Page 1 of 1

B)

Ashton 97-14C-7
4-13-092-11w5 C7

Dake Logged: 20011011997 - 2111011997

Logged by Dave Skelkon; Collar Incline -70.

Ground: 0.00m KE:0.00m

Remarks: Collar incline -70. Cored Interval: 0 m to 76.82 m. Core quality:
weathered to badly weathered. Examined available
sedimentary core from 24 m to 33 m and from 68 m to 77 m.
Detailed log of sedimentary core intersection, which was
comhined with published logs of the ore intersection.
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GRAIN SIZE 2
E & 2
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2 S s
A » Uz 2
W £ 2 2 i REMARKS
24
== Mudstone, gray to
%6 dark brown, with
28 minar burrowing
(Planolites).
30 +
i I Silty mudstone,
1 blocky, brown to
34 gray, with more
% silt content at 25
m.
38
an Mudstone is less
silty, and maore
a4 fissile, with a
a9 platy fracture.
White calcareous
a6 :
zones, possibly
48 altered shell
=0 fragments or
kimberlitic
52 = W alteration.
54 Increasing
i calcareousness
B i with depth,
55 becoming most
e s 4 pronounced from
28.05 m to 30 m.
Kimberlite,
= fractured,
calcite-veined.

L

Mudstone, light
gray, fine grained,
weakly
consolidated,
some interbedded
silt and sand.
Locally well
defined bedding at
60 degrees to core
anis

Sandstone,
litharenite,
loosely
consolidated, light
gray with ochre
colouration.

Sandstone,
litharenite, badly
weathered, ochre
coloured and
iron-stained,
calcareous, and
possibly
bentonitic.
Rippled.

Interbedded
sandstone with
shale. Sandstone
is more
quartz-rich and
micaceous, fine
grained at the
base, with low
angle
crossbedding.
Fossibly a fluvial
sand. No trace
fossils.

Sandstone, badly
weathered,
loosely
consolidated,
ochre coloured and
iron-stained.
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A)

0

Target: K19 Company: Ashton Mining Canada Inc.
Drill Hole: 19-1 Collar Azimuth: NA”

Location: 575033E ,6289102N Collar Incline: 90 °

Zone & Datum: Z11, NAD 27 Core Diameter: 63.5 mm (HQ)

Elevation: 735 masl Geologist Logging: R. Johnson

Start - End Date: 15/07/1997 - 20/07/1997

End of hole (EOH): 133.19 m

Depth (m)

Lithology

Core at MCRF*

Description

OVERBURDEN: 0.00 - 5.09 m:

KIMBERLITE: 5.09 - 130.60 m: Grey-brown volcaniclastic kimberlite with a fine grained granular matrix comprising up to 60 or 70% of the rock.
Lapilli (up to 5 cm) are present in small amounts of <1%. Groundmass and phenocrystal olivine constitute 20 - 30% of the rock. Brown
macrocrysts reach 3 mm. Also present are <1% black shale xenoliths (to 3 cm), <1% limestone xenoliths (to 3.5 cm), <1% chrome diopside,
<1% pyrope (to 4 mm), <1% chromite (1 mm), wood fragments, mica and carbonate in the matrix.

MUDSTONE: 130.60 - 133.19 m: Light grey mudstone with weakly developed parallel laminations and cross bedding

B)

DDH-19-01

3-25-089-12ws 01

Date Logged: Movember 3, 2006

Logged by: F. J. Hein; Collar Incling -90. Depths Do Mot kakch Ashton Logs

Ground: ¥35.00m KE: 0.00m

Rermarks: Bxamined Box 33, 133.6 to 135.1 m Light gray siltstone and
more fissile silty shale with ahout 20% interbedded
sandstone. 5andstones have ochre=colouration, are badly
weathered, with minor sulfide mineralization. Minor
brecciation with pyrite. 1 ft belolw top of this interval (79 ft)is
a slightly more bentonitic silty shale horizon.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-19-01: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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» [ —Light gray blocky
siltstone with
Py more fissile, silty
shale, and about
Py (i 20% interbedded
sandstones.
Py Sandstane
135 interbeds have an
/ achre-calouration

and are badly
weathered, with
minar sulphide
mineralization.
Some minor
brecciation with
pyrite. Slightly
more bentonitic,
about 0.3 m below
top of interval.
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A) B)
Target: K91B Company: Ashton Mining of Canada Inc.
, . o
Drill Hole: DDH91B-01 Collar Azimuth:
Location: 581386E ,6316531N Collar Incline: 00 °
Zone & Datum:  Z11, NAD 27 Core Diameter: 63.5 mm (HQ)
Elevation: 667 masl Geologist Logging: David Willis
Start - End Date: 22/10/1997 - 22/10/1997 End of hole (EOH): 93.57
*
[
14
O
E 5 =2 ’
< k) ® 4
g g2 ¢ e
a 5 8 Description e
o 7/
QOVERBURDEN: 0.00 - 48.20 m: 8.23 - 11.28 m: Light brown sand and clay mixture. Fine grained sand. 11.28 - 14.32 m: Black till with abundant 7/
i granite clasts. Clasts 1 to 4 cmin size. 14.32 - 32.61 m: Poor recovery of till. 1.20 m represents entire section (approximately 6%); High //
magnetic susceptibility up to 6.10. Average magnetic susceptibility 2.46.32.61 - 48.20 m: Black till with granite clasts. Clasts 1 to 2 cm in size. /
o _ | //
' /
4 7
/
o 7
L //
7/
o 7/
//
7 ,/
/
1 7/
7/
Q /
¥ 7
7
4 /
7/
%._ MUDSTONE: 48.20 - 93.57 m: Bedded mudstone grading from mud to sand. 48.20 - 85.90 m: Black mudstone with obvious bedding. 70° to 75°
to core axis. 82.00 - 84.47 m: Transition zone from mud to sand.84.47 - 93.57 m: Gray sand with black banding. ~70° to 75° to core axis.
g Medium grained sand
Q
2
o
2
(=}
8
o
8
* Symbol denotes hand-sized sample of core is available at Mineral Core Research Facility at Alberta Geological Survey Page 1 0f 1

Drill Hole: 91-B1 (Target K91)
13-14-092-11w5 01

Dake Logged: Movernber 2, 2006

Logged by: F. J. Hein

Ground: 667.00m KB: 0.00m

Remarks: Collar incline =00. Cored Interval: 0 m to 93.57 m. Core
quality: weathered shale at top, lower sandstone in
better condition. Examined available sedimentary
core from 47 m to 93.37 m. Detailed log of
sedimentary core intersection.
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b= £ ¢ & FIEMARICS
43 !
F—Thick mudstone
50 sUccession with
i minor sandstone
interbeds,
54 increasing in
s frequency towards
the base of the
* cored interval.
B0 Core is mainly
structureless.
62
64
6
63
70
T2
74
76
78 ‘-\Sandstone
becomes maore
8d dominant facies,
22 interpreted as
a4 i lower shoreface
o e PR 2 setting, based on
86 =____Fe —— the rare
i _"f_ accurrence of
‘l‘—-’ e, burrows, the
30 1 = predominance of
a I i low-angle cross
o stratification and
parallel
lamination.

Sandstone is
dominantly a
litharenite, and
may be the same
stratigraphic unit
encountered in the
lawer part of the
302-1and 301-1
cores.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH97-91B-01: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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B)

BH 302-01
1-27-092-07w5 02
Target: BH302 Company: Ashton Mining of Canada Inc.
Drill hole: 302-01 Collar Azimuth: ~ N/A Dale Logged: Movember 2, 2008
Location: 619871E, 6319547N Collar Incline: -90 Logaed by: F. J. Hein; Collar Incline -90.
Zone & Datum: Z11, NAD 27 Core Diameter: HQ/NQ Ground: 149.3%m KE:0.00m
Elevation: 490 m above sea level (asl) Geologist Logging: L. Boyer and A. Henry Rerriarks: Alternating mudstone with silty sand interbeds,
Start-End Date: 22/2/2003-25/2/2003 End of hole (EOH): 168.9 m bioturbated; minor Fe-st and concretions. Core is in good
condition, better display of sedimentary structures. Top
Interval Rock Type Description 19 boxes are missing.
O0to105.2 TILL Till Core is numbered 302-1 for top; then probahbly re-entered
105 to 168.9 MUDST Mudstone & bottom 3 boxes are 301-01; ~ 10ft overlap on depths, log
168.9 EOH (m) separately and corrected after logging.
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Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH-BH302-01: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study; C) drill log remarks (next page).
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BH 302-01

103.57 m
Fractured, burrowed sandy light gray mudstone, mainly massive., top ft or so is broken.

106.55 m

Fining up from sandy shale interbedded with sand, burrowed; to more organic medium to dark brown fissile shale,
with heavy oil stained, bituminous sand interbeds. at top of unit, grades into mudstone, with bituminous burrow fills
throughout.

108.26 m
Unconsolidated, very fine sand, gtz-litharenite. Very poor recovery at top.

111.68 m

Poorly consolidagted sand at the top; poor recovery improving with depth. At the base at 120 m interbedded with
shale, and moderate Fe-stained, overlain by mainly low angle to HCS cross str sands, minor ripples, very rare
bioturbation; appears to be more quartz rich than underlying litharenites. Some hydrocarbon staining throughout.
Upper shoreface.

123.30 m
Glossifungites surface; disconformity

127.95 m

Increase in separation of interbedded sands and shale vs. shale units; increase in burrowing within finer successions,
and more Fe-st cemetation in upper 1/2 - 1/3 of cored interval. No obvious hydrocarbon staining in this part of the
succession.

134.01 m
Slight increase in the percentage of sand, good graded laminae; flaser and tidal couplets; slight increase in percentage of
burrowing within finer beds. Overall same tidal shelf succession. Minor Fe-stain/sid in some of coarser interbeds.

140.05 m

Tidal shelf, no obvious fining up until the top 1.5 m of this cored interval which appears to be finer shales. Same as below
flaser ripples, ripples, tidal couplets, delicate interlamination, beds on a scale of cm or less. Very low to rare degree of
bioturbation; mainly Planolites.

145.25 m
Excellent flaser ripples, climbing flaser ripples, some herringbone, tidal influenced shelf. Moderate to relative low degree
of bioturbation. Mainly Planolites; rare Skolithos in thin coarser sand interlaminae. Minor hydrocarbon stain throughout.

146.69 m
Stacked HCS and swaley cross strat; relatively minor burrows compared to below.

147.96 m
Heavily bioturbated, Many prominent Skolithos burrows, slightly gn caste, litharenite, does not appear to be glauconitic.
Coarsening up succession. Upper shoreface. Minor concretion at base of succession. Slightly fining up at 147.5 m.

BH 301-01 (same as BH 302-01)

150.83 m
Coarsening up shoreface succession, heavily bioturbated, as base of the 301-01 core. Same stratigraphy.
Sturctgures better displayed in the 301-01 core. Qtz lith arenite, minor hydrocarbon staining.

152.92 m
Alternating pulses of sand and mudstone, mainly bioturbated; some flasers, graded laminations, tidal couplets,
but more extensively burrowed, so more difficult to see sed structures. Lower shoreface.

156.80 m

Laminated sandy mudstone, alternating with more fissile and organic shales. minor laminations, rippling, graded
laminations, and minor Fe stained throughout. More noticeable in lower 1/4 and top 1/4 of cored interval. Minor
hydrocarbon staining patchy and in more coaraser beds. Again mainly lower shoreface environment.

162.85 m

As above, but thinner cycles of sand alternating and coarsening up from sandy mudstone and shale, each cycle
aboput 0.256 - 0.3 m thick. Minor rippling preserved, flasers and graded laminations, hydrocarbon stained. minor
Fe st in lower 2/3 of cored interval.

Appendix 1. Drill logs for Ashton Mining of Canada Inc. drill hole DDH-BH302-01: A) Ashton drill log; B) detailed drill log of the sedimentary core made available by Ashton for this study.
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Appendix 1. Detailed drill log, BHH04-KHR-2. Drill core remarks on next page.

Stratigraphic Study hole drilled by Geological Survey of Canada and Alberta Geological Survey

BHHO04-KHR-2

Target:

N/A
-90

Collar Azimuth:
Collar Incline:

Drill hole:
Location:

577884E, 6300970N

HQ

Core Diameter:

Zone & Datum: Z11, NAD 27

End of hole (EOH): 105.16 m

490 m above sea level (asl)

Start-End Date: 09/12/2004-15/9/2004

Elevation:

See next page
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BHHO4-KHR-2

9.29 m

Massive, mainly light gy to tan mudstone, poor recovery at top; poor bedding definition.
10.68 m

Irregular, perhaps brecciated mudstone, with veinlets of unaffected mudstone
(vertical or subvertical) separated by sideritized/limonitic or Fe-cemented
mudstone, in angular and irregular zones. Does not appear to be obviously a
pedogenic or bedding alteration.

11.33 m

Small white irregular blebs on core surface, ? altered weathered clasts, or

altered burrow fills. Become more defined in lower 1/3 of core interval. Some of
these seem to be 'coming out of the core' whereas others look like sand grains;
possibly altered bentonite clasts (?). Slightly more massive, indurated siltstone
towards base of core.

14.80 m

As above, with minor siltstone laminae. Some better preserved laminations in top
0.25 m of core. Occasional Fe-stained/limonitic alterations ? after white altered
clasts, and the rare interbed of altered, coarser grained , sand burrow fills or
wispy laminations/interbeds.

18.41 m

As above, with minor siltstone laminae. Scattered Fe-stained/limonitic alterations
? after white altered clasts, and the rare interbed of altered, coarser grained,
sand burrow fills or wispy laminations/interbeds. Towards the base are what appear
to be darker (? organic rich) finer beds, with a slight increase in fissility.
21.86 m

Faint parallel laminations preserved, within slightly darker gray, perhaps more
organic, interbeds.

30.00 m

Laminations and minor wispy ripples better defined in lower 1/2 of core interval.
32.13 m

Minor coarser clayey silty interbeds, bioturbated, with some Fe-stained, ochre/
limonitic alteration.

35.09m

Very poor recovery

37.76 m

Slightly more organic, fissile interbeds towards base; possible bentonitic
interlaminations in overlying coarser unit.

39.78 m

Slightly coarser, and more massive, clayey siltstone towards base. Minor Fe-stain/burrow
fills scattered throughout this core.

41.29 m

As above.

45.95 m

Mainly massive silty mudstone, with minor dispersed coarser burrow fills with Fe-staining;
plant stem fragment at the top of this core interval.

50.41m

Mainly structureless mudstone/silty mudstone, with some burrows throughout, slight oil
stain and/or Fe-stain alteration as rims.

52.51 - 53 m

Patchy oil stain, bituminous, after burrows, and or with slight Fe-stain. Slightly more
organic interlaminations.

53.51m

Rare coarser siltstone interbedsl, especially towards base of this cored interval.

55.04 m

As above, slightly finer grained, minor Fe-st burrow fills, ? some pyritic; minor

laminations preserved. Mainly structureless.

59.59 m

Slightly better preservation of laminations; dispersed Fe-stained, rimmed burrow fills,

pyritic?, rare coarser interbed is also Fe-st/limonitic. Fine communited organic detritus. 64.09 m
Pyritic burrow fills, with Fe-stain alteration rims, minor laminations, but mainly structureless.
64.60 m

Lost core 64.41 - 67.7 m and 68.1 - 68.58 m

68.79 m

As above.

73.38 m

Laminations with minor rippling, slightly better displayed.

Pyritic burrow fills, with Fe-st/sideritic alteration rims. Otherwise structureless.

79.96 m

Slightly more fissile; perhaps finer grained than overlying interval. Minor Fe-stained and
limonitic bands, ? after coarser interbeds or burrowed zones.Some sulphur coming out of core
(ochre colouration) .

83.91m

Slightly more fissile interbeds, minor more organic interbeds, with some bitumen staining towards
the base. Slightly finer grained at top.

88.48 m

Slightly less fissile, silty mudstone. Laminations better defined in scattered zones throughout
this cored interval. Minor alteration rims around pyritic burrows, Fe-st or sideritic. More sulphur
coming out of top part of core (ochre colour).

89.52 m

Massive, medium gry clayey siltstone, with conchoidal fracture. Anomaly 2.

91.70 m

Slilghtly coarser grained, siltier. Laminations better preserved, minor sulphur (ochre colour)
coming out of core; Fe-st alteration rims around burrows.

92.44 m

White blebs; ? bentonitic below red marker (? anomaly).

94.02 m

Lost core.

96.19 m

Organic rich, silty mujdstone. Bedding and lamination is better defined. Bentonitic shale towards
base. Finely communitued plant debris; Sulphur coming out of core, some around what appear to be
stems. Fissile organic shale interbed above bentonitc shale. Bedding and laminations are better
defined. Isolated white blebs, perhaps ? reworked bentonite into burrow fills higher upsection
above bentonitic shale. Lower shoreface, possible hummocky cross-stratification.

98.33 m

Bituminous shales interbedded with bentonitic shale.

100.73 m

Bituminous, low angle cross bedded to parallel laminated clayey siltstone/silty mudstone, with
dispersed and degraded shell fragments; dispersed white blebs ? altered, bentonitic burrow fills.
Minor sulphur stain, quite organic looking. Lower shoreface.

102.47 m

White crystals agnd sulfphur coming out of core, ? after altered bentonitic sands or silty sands.
103.27 m

Altered, bentonitic sand bed.

103.67 m

Vuggy, altered, indurated siltstone, broken core, top 1/2; below are more competent pieces of core;
highly indurated. Older (? Albian) succession. Unconformity is marked by broken core and
sideritization.
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Appendix 2. Formation Tops Markers (Metres) from Selected Wells in the Buffalo Head Hills Area.

Formation Acronyms --> “QUATRNRY C” | “SHAFTBR” | “BFSC” “PEACERV” “CADOTT” | “JOLIFU” “MANN” | “HAR- “NOTIK” “SPIRITRV” “GETH”
MON”

Unique well Kelly Quaternary Shaftesbury Base of Peace River Cadotte Joli Fou Mannville | Harmon Notikewan Spirit River Gething

identifier (UWI) Bushing Formation Fish Group Formation Formation Group Formation Formation Group Formation
Scales

00/16-20-088-12W5/0 704 230.4 299.1

00/04-35-088-12W5/0 687.7 233.6 288.7

00/06-05-088-13W5/0 678.2 36.8

00/11-19-088-13W5/0 718.4 182.5

00/08-21-088-13W5/0 723.4 322.2 3111 330.1 3413

00/07-23-088-13W5/0 714.5 335.5 325

02/08-24-088-13W5/0 708.9 223.8 238.2 297.8 299 326.5

00/05-26-088-13W5/0 720.7 311 315.6 3383 349.1

00/08-30-088-13W5/0 720.8 301.6 313.2 335.8 345.8

00/11-36-088-13W5/0 736.6 306.8

00/16-36-088-13W5/0 7359 311.6 319.1 3234 359

02/01-01-089-10W5/0 524.9 94.8 127

00/12-24-089-10W5/0 527.6 86.8 129.8

00/10-14-089-11W5/0 608.4 303 383.1 395.8 406.4

00/12-15-089-11W5/0 637.7 220.6 239.1 254.1 269.4

02/08-23-089-11W5/0 608.6 113.7 210.2 224.5 238.8

00/02-33-089-11W5/0 652.2 315.1 358.9 372.6 3853

00/05-04-089-12W5/0 742.9 2327 336 353.9 366

00/08-06-089-12W5/0 755.4 234.1 282.8 338.3

00/04-07-089-12W5/0 788.1 322.1 331.8 380.4 400.6

00/10-12-089-12W5/0 684.6 274.8 288.7 305.2 319.9

02/10-12-089-12W5/0 683.4 302.3 479.8 498.2 508.1

00/09-13-089-12W5/0 694 3259 466.7 480.6 493

00/05-15-089-12W5/0 734.1 362.1 4357 451.2 469.2

00/10-17-089-12W5/0 729.3 3257 328.3 341.8 354.5

00/04-23-089-12W5/0 748.9 201.5 353.1

00/01-24-089-12W5/0 703.5 327 304.3 321 334

00/11-28-089-12W5/0 766.9 231.3

00/16-29-089-12W5/0 746.3 224.4

00/05-32-089-12W5/0 732.9 204.6

00/01-33-089-12W5/0 774.4 3439

00/03-34-089-12W5/0 771.2 343.5 376.1 391.4 403.3

00/01-36-089-12W5/0 710.4 339 3127 330.6 341.6

00/11-01-089-13W5/0 766 313.7 357.1 376.5 387.3

00/10-11-089-13W5/0 736 304.1 3284

00/10-12-089-13W5/0 757.1 303.8

00/13-14-089-13W5/0 712.7 230.1

00/11-25-089-13W5/0 713.8 229.5 305.2 312.3

00/10-35-089-13W5/0 716.4 317.4

00/03-02-090-10W5/0 528 69.1 132.5 164

00/04-01-090-11W5/0 594.5 192.4 195.4 214.8 232.1

00/14-02-090-11W5/0 606.4 311.6 3577 3717 380.1

00/07-03-090-11W5/0 609.9 317

00/05-10-090-11W5/0 616.3 306.2 223.5 240.9 254.9

00/06-11-090-11W5/0 593.2 310.5 299.8 319 329.3

00/16-11-090-11W5/0 581.7 299 3253 341.4 349.2

00/07-12-090-11W5/0 570.9 3222 3371 3553 367.2

00/10-12-090-11W5/0 576.5 299.8 304.7 322.4 334.5

00/06-16-090-11W5/0 632.7 296 408.1 418.5 432.5

00/14-21-090-11W5/0 670.3 405.5

00/14-22-090-11W5/0 627.3 341.9

00/07-26-090-11W5/0 607.7 205 469.1

00/04-35-090-11W5/0 620 415.5

00/11-06-090-12W5/0 718.5 304.9 3221 343.6 355.2

00/15-10-090-12W5/0 753.9 4274 362.7 378.1 389.1

00/06-12-090-12W5/0 714 299.7 318.7 3344 3477

00/11-18-090-12W5/0 761.5 422.1 369.6 390.1 398.2

00/14-19-090-12W5/0 767.6 307.3 364 372.9 404

00/10-23-090-12W5/0 713.5 193.9 251.8 3127

00/04-29-090-12W5/0 755.3 3203 356.4 359.4 387 384

00/06-35-090-12W5/0 737.8 320 350.4 369.8 383.5

00/02-02-090-13W5/0 719.5 306.1 3211 343.3 353

00/10-02-090-13W5/0 723.6 213.2 348.9

00/03-06-090-13W5/0 699.7 310.5 2973 317.1 3259

00/01-17-090-13W5/0 756.7 232.6

00/06-25-090-13W5/0 801.8 395.5 399.1

00/07-26-090-13W5/0 798 457.8 399.9 4221 430.8
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Formation Acronyms --> “QUATRNRY C” | “SHAFTBR” | “BFSC” “PEACERV” “CADOTT” | “JOLIFU” “MANN” | “HAR- “NOTIK” “SPIRITRV” “GETH”
MON”

Unique well Kelly Quaternary Shaftesbury Base of Peace River Cadotte Joli Fou Mannville | Harmon Notikewan Spirit River Gething

identifier (UWI) Bushing Formation Fish Group Formation Formation Group Formation Formation Group Formation
Scales

00/15-28-090-13W5/0 786.4 350.6 376.9 381.2 405.2 413.4

00/13-30-090-13W5/0 821.8 244.8 405 409.5

00/02-32-090-13W5/0 809.9 383 394.7 417.4 429.1

00/04-36-090-13W5/0 796 323.8 390.5 394.2

00/14-36-090-13W5/0 800 398.6 417.3 428.9

03/10-02-091-10W5/0 529.4 112.1 167.3

00/02-04-091-10W5/0 557 275.1 408.8 423.4 426.3

00/11-04-091-10W5/0 560.7 325.1 414 429.1 436.2

02/15-12-091-10W5/0 521.1 104 123 126.4 161

02/11-14-091-10W5/0 536.4 103.4 127.9 133.6

00/11-15-091-10W5/0 552.6 277 92.1 156.5

00/01-16-091-10W5/0 561.6 3471 411.4 421.7 436

00/12-22-091-10W5/0 558.7 275 325.8 333.6 339.4

02/12-25-091-10W5/0 527.5 53 1234 127.3

00/03-26-091-10W5/0 545.2 103 143 147.2 186.8

00/03-01-091-11W5/0 643.4 80.5 248.4

02/03-01-091-11W5/0 626.7 127

00/12-03-091-11W5/0 742.5 313.2

00/11-11-091-11W5/0 682.4 190 226.2

00/08-16-091-11W5/0 775.1 1231.4 1261.6 1322 1337.5 1353.4

00/16-21-091-11W5/0 759.6 100.1 126.5 300.1 369.2 388.9 406 403.7

00/11-34-091-11W5/0 726.3 121.4 263.9 3317 352.4 370.2

00/03-06-091-12W5/0 813.2 20.6 407.3 410.8 432.5 442

00/06-07-091-12W5/0 811.7 365 410.8 4327 441.9

00/08-07-091-12W5/0 819.8 361.7 422.5 4427 452.5

00/09-07-091-12W5/0 804.6 364.6 406.3 4275 436.3

00/11-07-091-12W5/0 802.9 364.9 402.1 425 436.7

00/12-08-091-12W5/0 795.7 316 398.6 420.6 431.7

00/15-09-091-12W5/0 798.1 3257 405.5 427.8 440.3

00/04-11-091-12W5/0 812 318.1 419.1 441.9 456.5

00/01-15-091-12W5/0 805.3 314.2 406.5 411.9

00/04-17-091-12W5/0 775.1 320.6 377.6 401.1 4133

00/05-17-091-12W5/0 784.8 81.7 388.4

00/14-17-091-12W5/0 802.4 405.4

00/02-18-091-12W5/0 776.9 355.1 377

00/04-18-091-12W5/0 796 338.3 395.2 419.9 429.5

00/10-18-091-12W5/0 780 369.1 382.9 407.1 418.6

00/04-19-091-12W5/0 767.5 23.8 368.4 392.1 405

00/06-19-091-12W5/0 7712 322.8 376.8

00/10-19-091-12W5/0 791.4 352.1 390.1 3974

00/07-20-091-12W5/0 816.2 363.2 417.6 443.3 453.9

00/14-20-091-12W5/0 808.4 17.6 411.6 433.6 446.2

02/15-21-091-12W5/0 793.3 80.6 398.6

00/04-28-091-12W5/0 792.4 271.2 404.3 4279 440.1

00/13-28-091-12W5/0 801.7 335 409.9 434.2 450.4

00/02-29-091-12W5/0 809 417 439.3 450.7

00/09-29-091-12W5/0 803.6 81.6 405.8 409.7

F1/12-29-091-12W5/0 803.2 110.2 433.2 446.9

00/08-30-091-12W5/0 786.7 161.3 387.8 390.8

00/10-30-091-12W5/0 781.9 14 386.4 412.8 426.5

00/11-30-091-12W5/0 767.8 75

00/13-30-091-12W5/0 779.1 319.1 378.9 408.5 422.5

00/04-33-091-12W5/0 804.9 352.4

00/06-34-091-12W5/0 767.7 130.4

00/08-01-091-13W5/0 827.1 19.1 423.2 447.1 455.2

00/14-01-091-13W5/0 825.1 694.6 420.1 442.1 451.5

00/16-01-091-13W5/0 825.1 379.1 4243 4437 455.2

00/10-02-091-13W5/0 807.6 324.9 400.1

00/11-10-091-13W5/0 765.4 315 379

00/08-12-091-13W5/0 810.3 369.8 407.7 431.1 440.1

00/09-12-091-13W5/0 805.7 364.4 407.1 428.6 437.1

00/11-12-091-13W5/0 803.5 330.4 401.7 425.5 4344

00/02-13-091-13W5/0 786.8 381.2 3877 410.1 421

00/04-13-091-13W5/0 794.4 326.9 394.8 418.9 429.8

00/08-13-091-13W5/0 78175 13.4 389.9 414.9 424.9

00/16-13-091-13W5/0 771.1 46.3 3733 396.3 406.7

00/11-17-091-13W5/0 748 328 3343 337.1

00/04-20-091-13W5/0 747.1 194.5
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Formation Acronyms --> “QUATRNRY C” | “SHAFTBR” | “BFSC” “PEACERV” “CADOTT” | “JOLIFU” “MANN” | “HAR- “NOTIK” “SPIRITRV” “GETH”
MON”

Unique well Kelly Quaternary Shaftesbury Base of Peace River Cadotte Joli Fou Mannville | Harmon Notikewan Spirit River Gething

identifier (UWI) Bushing Formation Fish Group Formation Formation Group Formation Formation Group Formation
Scales

00/02-24-091-13W5/0 758.4 327.8 362.1 386.6 396.9

00/15-24-091-13W5/0 760 434.9 363.2 388.3 399.6

00/02-25-091-13W5/0 760.6 3717 390.8 403

00/16-25-091-13W5/0 788.5 450.7 389 420.5 432.2

00/10-27-091-13W5/0 773.9 200 368.4

00/15-35-091-13W5/0 810.5 3314

00/13-10-092-10W5/0 550.4 109.8 152.1 163.4 203.5

00/12-13-092-10W5/0 540 4.3 142 147.5

00/04-18-092-10W5/0 590.5 272.4 350.4 361.9 3733

00/14-21-092-10W5/0 561.3 5.1 160.1 166 189.9

02/14-21-092-10W5/0 560.8 51.5 167 190.4

00/15-21-092-10W5/0 557.5 11.2 168.1 189.1 209.5

03/13-24-092-10W5/0 543.6 78.2 141.9 145.6 193

00/04-29-092-10W5/0 570.4 24 176.1 200.8 218.7

00/15-30-092-10W5/0 580.7 185.2 2127 231.5

03/04-34-092-10W5/0 556.3 105.4 156.6 162

00/09-35-092-10W5/0 544.7 151.2 172.8 1923

00/03-36-092-10W5/0 546 5.1 145.3 148.9 173.6 195.9

00/09-02-092-11W5/0 643.5 104.9 180.4 247.5 287.4

00/06-07-092-11W5/0 793.4 205.5

00/15-23-092-11W5/0 626.2 137 230.4 276.3

00/05-26-092-11W5/0 648.5 6.3 58.8 256.8 283.8 300.7

00/15-27-092-11W5/0 645 206.5 252.1

02/16-30-092-11W5/0 752 49 355.8

02/16-30-092-11W5/2 752 374 355.9

00/09-03-092-12W5/0 772.5 343 373 404.2 419.1

02/09-03-092-12W5/0 779 249.7 310.2 378.1 408.6 425.6

00/01-05-092-12W5/0 778.1 1233.3

00/02-05-092-12W5/0 790.7 383.9 387.5

00/04-06-092-12W5/0 820.8 4444 681.2

00/06-06-092-12W5/0 819 4257 4553 469.3

00/08-27-092-12W5/0 780.9 16.8 375.1 383.7

00/06-29-092-12W5/0 778.2 190.9

00/12-36-092-12W5/0 782 102.1 380 386 434.8

00/13-01-092-13W5/0 778.5 203.7

00/02-02-092-13W5/0 818.4 215.4

00/07-02-092-13W5/0 815.3 437.4 410.3 444.6 457.6

00/10-03-092-13W5/0 814.3 161.2 401.4 408.7

00/10-07-092-13W5/0 746.8 228.7 347.1

00/11-08-092-13W5/0 776.4 314.7 366.7 372.8

00/06-11-092-13W5/0 818.1 255.2 463.1

00/14-14-092-13W5/0 764.2 349.8 360.9 402.2 418.4

00/16-16-092-13W5/0 772.4 374.6 409 423.6

00/14-34-092-13W5/0 761.8 3213 367 370.2

00/10-02-093-10W5/0 543 96.3 149.8 153.4

00/11-04-093-10W5/0 560.2 24.8 166.2 170.7 213.6

00/02-05-093-10W5/0 564.9 40.7 168 175.3

02/14-08-093-10W5/0 574.3 104.9 180

00/15-10-093-10W5/0 554.5 24.4 98.3 164.1 189 211.2

00/09-12-093-10W5/0 538.9 4.1 41.8 85.2 137.2 144.5

00/11-13-093-10W5/0 540.8 100.7 134.1 148.1 172.6 194.2

00/11-14-093-10W5/0 545.8 101.6 140 156.1 200.2

00/03-15-093-10W5/0 552.9 94.9 147.5 167 188.7

00/05-22-093-10W5/0 559.2 24.4 157.8 166.8

00/06-23-093-10W5/0 545.3 5.2 144.2 152.2 175.6 196.3

00/04-25-093-10W5/0 543.3 56.9 82.4 151.1 167.2 187.8 176.5 198.5

00/04-27-093-10W5/0 554.5 1139 143.6 162.5

00/12-28-093-10W5/0 568.3 8.2 343 173.1 179.3 224.3

00/09-30-093-10W5/0 588 92.9 186.4 198.1

00/16-04-093-11W5/0 716.8 3 171.5 308.7 3287

02/02-05-093-11W5/0 739.4 120.1 142.8 328.9 344.6

00/15-09-093-11W5/0 737.3 3 129.4 341.6

00/04-10-093-11W5/0 722.4 345.2 377.9 399.5

00/13-10-093-11W5/0 724.8 133.8 331.8

00/03-11-093-11W5/0 664.7 5.4 260.8 269

00/10-32-093-11W5/0 779.2 91.3 131.6 390.9 419.1 449.7

00/09-04-093-12W5/0 782.9 23.5 368.9 383.6

00/10-14-093-12W5/0 793.6 105.3 400.6 4349

00/06-05-093-13W5/0 702.9 249 3127 3177 345.5 354.1
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Formation Acronyms --> “QUATRNRY C” | “SHAFTBR” | “BFSC” “PEACERV” “CADOTT” | “JOLIFU” “MANN” | “HAR- “NOTIK” “SPIRITRV” “GETH”
MON”

Unique well Kelly Quaternary Shaftesbury Base of Peace River Cadotte Joli Fou Mannville | Harmon Notikewan Spirit River Gething

identifier (UWI) Bushing Formation Fish Group Formation Formation Group Formation Formation Group Formation
Scales

00/06-16-093-13W5/0 707.6 104.1 320.1 3259

00/07-17-093-13W5/0 683.5 101.3 298.7 304.3 336

00/10-22-093-13W5/0 725.1 327.6 374
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