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1. SUMMARY 

During May, 2003 and May, July, September and October of 2004, areas proximal to 

Fort McMurray, along Athabasca and Clearwater rivers, were explored for high-quality carbonate 

rocks, all within Metallic and Industrial Minerals (MAIM) permits 9302090608 to 610, 9303080878, 

9304041067, 9304030970 and 9304050873. Paleozoic carbonate units, within the Devonian 

Waterways Formation, were examined and measured at more than 38 locations. Approximately 

55 m of the Moberly Member and 8 m of the Calumet Member were examined. 

Other work included the use of manual augers and an All-Terrain Vehicle (AN) mounted 

percussion drill to determine the thickness of unconsolidated overburden above the Waterways 

Formation. All holes were within MAIM Permit 9304030970 (Mill Permit), located on the west bank 

of Athabasca River, north of Fort McMurray. In total, 100 holes were bored with manual augers 

and 25 with the AN-mounted percussion drill. A Ground Penetrating Radar (GPR) system was 

also employed to test the thickness of unconsolidated overburden, with limited success. The 

foregoing work was in support of a diamond drill program conducted at the Mill Permit during 

September and October, 2004. Details of the diamond drill program are provided in a separate 

report (Knox, 2004), and are not reported herein. 

Based on the 2003 and 2004 reconnaissance exploration, thin intervals of moderate-quality 

carbonate lithotypes were identified within the Moberly and Calumet members of the Devonian 

Waterways Formation. These members were identified at several locations along Athabasca and 

Clearwater rivers, where the overburden is presumed shallow. At the Mill Permit, along the west 

side of Athabasca River, unconsolidated overburden varies from surface exposures to several 

metres or more. 

Throughout this report attitudes of bedding and other planar features are given as A °/B°  SW, 

where A°  is the azimuth of the strike and B °  is the amount of dip in the direction indicated. A 

magnetic declination of 17 1/20  east was used. Where bedding has been obscured, stratigraphic 

thicknesses were calculated using orientations from adjacent units. Where more than one bedding 

orientation was measured, the mean orientation is used. 

2. INTRODUCTION 

During the spring of 2003, and summer and fall of 2004, Dahrouge Geological Consulting Ltd. 

on behalf of Graymont Western Canada Inc., conducted exploration for high-quality carbonate 

lithotypes within north-east Alberta. This assessment report describes the exploration conducted 

within MAIM permits 9302090608 to 610, 9303080878, 9304041067, 9304030970, and 
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9304050873. It includes information on the geology and structure of more than 38 locations 

examined in 2003 and 2004; as well as, a brief interpretation of the results. Also, in an attempt to 

ascertain the thickness of overburden within the Mill Permit, a number of auger holes were 

completed and a brief GPR survey was conducted. Peter Darbyshire, Vice President and General 

Manager for Graymont Western Canada Inc. authorized this work. 

3. GEOGRAPHIC SETTING 

The MAIM permits and leases of Graymont Western Canada Inc. encompass an area to the 

west, south and east of Fort McMurray in northeastern Alberta (Fig.'s 3.1 and 3.2). Fort McMurray 

is a community of more than 55,000 and is the supply and services centre for the Alberta tar sands. 

It is located at the confluence of Athabasca and Clearwater rivers in Northeastern Alberta, about 

437 km by paved highway from Edmonton. 

Near Fort McMurray, the Athabasca and Clearwater rivers have cut steep-sided valleys of up 

to 130 m into generally flat-lying topography. The valley bottoms have gentle relief and are 

generally covered by a thin veneer of unconsolidated, fluvial silts, sands and gravels. Devonian 

outcrops are generally restricted to the edges of Athabasca and Clearwater rivers. 

Along Athabasca and Clearwater rivers, the dominant vegetation is a mix of deciduous and 

coniferous trees, with occasional accumulations of dense alder and willows. Above the river valleys 

the vegetation is typified by boreal forest and muskeg. 

At Fort McMurray, mean annual snowfall is 47.2 inches, and mean annual precipitation is 16.32 

inches. River breakup generally occurs in the third week of April. On rare occasions ice-jam floods 

can occur; since 1985 there have been 10 recorded floods. 

For ease of geographic reference, informal names have been applied to MAIM permits, creeks, 

rivers and other unnamed features on published maps. 

4. PROPERTY, EXPLORATION AND EXPENDITURES 

4.1 	METALLIC AND INDUSTRIAL MINERALS PERMITS 

Between 2002 and 2004, Graymont Western Canada Inc. acquired seven MAIM permits to 

cover Paleozoic limestone occurrences along Athabasca and Clearwater rivers, near 

Fort McMurray (Fig.3.2, Table 4.1). Subsequently, parts of MAIM permits 9302090609 and 610 

along Clearwater River were taken to lease (MAIM Lease 9404030969). 
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Based on the exploration conducted in 2003 and 2004, the entirety of the permits will be 

retained. 

TABLE 4.1 
	

DESCRIPTION OF METALLIC AND INDUSTRIAL 
MINERALS PERMITS 

Permit 
	

Comm. 	Expiry 	 Land Description 
Number 
	

Date 	Date 	 (Tp-RW4) 

Near Athabasca River 

9304030970 March 10, 04 March 10, 06 90-9W4 (Sections: 5NWP; 6NP; 7P; 8WP; 18P; 
19P; 30P; 3iP)I l l 

90-1 0W4 (Sections: 361-1, L8, L9, L16) 

9304041067 April 14, 04 April 14,06 90-10W4 (Sections 1-35; 36W, L2, L7, L10, L15) 

9304050873 May 17, 04 May 17, 06 88-8W4 (Sections 17-20) 
88-9W4 (Sections 13; 14; 15S, NE, Lii, L12, 

1-13E, L13WP, L14; 16S, 1-9-1-12, L13P, 1-I4P, 
LI5P, LI6P; 17-19; 24; 30)121 

89-9W4 (Sections 7W; 8EP; 17SEP, SWP; 18SE, 
SWP) [3]  

88-1 0W4 (Sections 33-36) 
89-10W4 (Sections 1-4; 9-11; 12NP, SEP, SW; 

15; 16; 21; 22; 27; 28; 33; 34) 131 

9303080878 	Aug 8, 03 	Aug 8, 05 88-9W4 (Sections 31; 32) 
89-9W4 (Sections 5; 6; 7E; 8W) 

Original Current 
Size 	Size 
(Ha) 	(Ha) 

831.71 	831.71 

9152 	9152 

8788 	8788 

1280 	1280 

Near Clearwater River 

9302090608 Sept 16, 02 Sept 16, 04 88-5W4 (Sections 30-32) 	 8704 	8704 
89-5W4 (Sections 4-10; 14-17; 21-27; 35; 36) 
88-6W4 (Sections 22-27; 34-36) 
89-6W4 (Sections 1; 2) 

9302090609 141  Sept 16, 02 Sept 16, 04 88-6W4 (Sections 19-21; 28-33) 	 6629 	6629 
88-7W4 (Sections 21; 22NP, SEP; 235WP; 24- 

25; 26P; 27NP, SWP; 28S, NP; 29E, SW; 30S; 
31NE; 32N, SE; 33N, SE, SWP; 34-36) [51 

88-8W4 (Sections 25-30) 

9302090610 [61  Sept 16, 02 Sept 16, 04 88-8W4 (Sections 31; 321-3, 1-4) 	 2688 	2688 
89-8W4 (Sections IN, SE, L5, 1-6; 2N, 1-5-1-8; 3N, 
1-5-1-8; 4N, 1-5-1-8; SN, 1-5-1-8; 6) 
88-9W4 (Section 36) 
89-9W4 (Sections 1; 12; 1 1  N; 14) 

[1]  Portions lying to the west of the left bank of the Athabasca river and east of Highway 63. 
(2]  Portions lying outside a potential landfill site. 
(31 Portions lying outside of the urban area of the Municipal District of Wood Buffalo and/or Sale 242 La Salina. 
(4]  The original area of MAIM Permit 9302090609 has been reduced from 7077 to 6676.96 ha, 

due to MAIM Lease 9404030969. 
(51 Portions lying outside the Clearwater Indian Reserve. 
[6] 	original area of MAIM Permit 9302090610 has been reduced from 4224 to 2852.48 ha,  The 

due to MAIM Lease 9404030969. 
Portions lying outside Clearwater River. 
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4.2 	2003 AND 2004 EXPLORATION 

During May 26 to 30, 2003; May 17 to 19, July 17 to 25, July 27 to 31, and September 24 to 

October 6, 2004, parts of MAIM permits 9302090608 to 610, 9303080878, 9304041067, 

9304030970, and 9304050873 were explored for high-quality carbonate rocks by Dahrouge 

Geological Consulting Ltd. on behalf of Graymont Western Canada Inc. Prior to conducting field 

work, aerial photographs were studied in an attempt to locate possible outcrops of carbonate rocks. 

These were followed-up with the aid of ATVs, jet-boats, and helicopters. In total, carbonate 

outcrops were examined at more than 38 locations (Appendix 2; Fig's.6.1 and 6.2; Table 4.2). A 

total of 53 discrete intervals representing about 63 m of strata were examined. Because of the 

relatively thin stratigraphic thickness of the outcrops, and their scarcity, most sections are 

considered isolated. 

TABLE 4.2 LOCATIONS EXAMINED AND MEASURED IN 2003 AND 2004 

Section 	 Location 	 Intervals 	Strat. 	Measured 
Number 

	

	 Thick. (M) Thick. (m) 
Mill Permit (MAIM Permit 9304030970) 

2004-1 	West Bank of Athabasca River 	 3 	4 	6 
2004-2 	West Bank of Athabasca River 	 4 	3% 	3% 
2004-3 	West Bank of Athabasca River 	 3 	3% 	31/2 

2004-4 	West Bank of Athabasca River 	 3 	2% 	2% 
2004-5 	West Bank of Athabasca River 	 2 	21/2 	 2% 
2004-6 	West Bank of Athabasca River 	 2 	3% 	4% 
2004-7 	West Bank of Athabasca River 	 3 	3% 	33/4 

Isolated Samples 	 26 	28 1/2 	 281/2 

	

SUB-TOTALS: 	46 	52% 	55 

Clearwater Permits (MAIM Permits 9302090608 -610) 
2003-01 	North Bank of Clearwater River 	 1 	—1% 
2004-8 	Along Clearwater River 	 2 	1% 

	
1% 

2004-9 	Along Clearwater River 	 2 
Isolated Samples 	 .2.. 	 3 

	

SUB-TOTALS: 	7 	 6 
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TOTALS: 	53 	58 1/2 
	 63 

* Stratigraphic thicknesses are examined thicknesses. 
Measured thicknesses are total investigated thicknesses, including covered and unexamined 
intervals. 

At the Mill Permit (MAIM Permit 9304030970), which is located on the west bank of Athabasca 

River, north of Fort McMurray, approximately 1,000 m of existing roads and trails were surveyed 

with a RAMAC GPR system from Terraplus of Richmond, Ontario (Fig. 6.2). The GPR utilized a 

shielded 250 MHz antenna, which is capable of medium-depth penetration. The GPR survey lines 

were completed approximately perpendicular to Athabasca River. Unfortunately, the GPR was 
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unable to penetrate deeper than approximately 11/2  m and was generally ineffective in determining 

the thickness of overburden on the permit, where the thickness of unconsolidated overburden can 

exceed 3 m. 

To determine the thickness of unconsolidated overburden at the Mill Permit, a total of 125 

shallow holes were completed (Appendix 3). One hundred holes were bored with manual augers 

and 25 with an ATV-mounted percussion drill. A manual auger was used in areas only accessible 

by foot and those areas where the overburden was suspected to be shallow. Depending on the 

type of material being tested, the manual auger had a depth limitation of approximately 3 to 5 m. 

In cases where bedrock was not reached, holes had to be abandoned due to the sub-surface 

collapsing (typically unconsolidated sand). Holes also had to be abandoned when thick sequences 

of clay were encountered. An assumption was made that when a hard, impenetrable surface was 

encountered, bedrock had been reached. However, it was not always possible to determine the 

character of the hard surface. Given the foregoing, the depth-to-overburden values for the manual 

auger were treated as minimum estimates. 

An ATV-mounted percussion drill was used in areas of easy access and where the thickness 

of unconsolidated overburden was suspected to be greater than a few metres. The drill has a 

depth range of approximately 12 m. Deeper holes had to be abandoned, as recovering drill stems 

to the surface became more difficult with increasing depth. When the drill encountered an arbitrary 

amount of resistance, it was assumed that bedrock was encountered. However, the depth-to-

overburden value given by the ATV-mounted drill could also be erroneous, due to the reported 

presence of erratic boulders with diameters of over I m (Smith and Fisher, 1993). 

	

4.3 	EXPLORATION EXPENDITURES 

During 2003 and 2004 exploration, expenditures for MAIM Permits 9302090608, 9302090609, 

9302090610,9303080878, 9304030970,9304041067, and 9304050873 totalled $119,709.17. The 

assignment of these expenditures is provided in a cover letter attached to this report. 

	

5. 	 REGIONAL GEOLOGY 

The geology and stratigraphy of northeastern Alberta has previously been described by Carrigy 

(1959), Norris (1963), Holter (1976), and Cotterill and Hamilton (1995). 

The sedimentary cover of northeastern Alberta consists primarily of Paleozoic carbonates, 

evaporites and clastics, overlain unconformably by Mesozoic siliciclastics (Table 5.1; Fig. 5.1). 
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Near Fort McMurray the Precambrian basement is at depths of between 250 to 300 m and has a 

southeasterly regional slope of about 5 1/2m per km (Halferdahl, 1985). The Precambrian basement 

is overlain by middle Devonian strata of the Elk Point Group, followed by the Beaverhill Lake 

Group, and further west, the Woodbend Group. In turn, the Devonian is unconformably overlain 

by Cretaceous sediments of the Mannville, La Biche and Smoky groups. The oil-sands of the 

McMurray Formation are within the lowest part of the Mannville Group. 

Above the Cretaceous siliciclastics is a variety of unconsolidated Quaternary sediments. Near 

Fort McMurray there is a basal diamicton derived from the Laurentide Ice Sheet, which is overlain 

by gravel, sand and clay from glacial Lake McMurray (Fisher and Smith, 1993). Within Clearwater 

and Athabasca river valleys, near Fort McMurray, is a complex mixture of spillway deposits. The 

spillway deposits consist of poorly sorted boulder-gravel-sand, with blocks of oil-sands and glacio-

lacustrine sediments. Smith and Fisher (1993) interpret the spillway deposits as a result of a high-

velocity flood, sourced from Glacial Lake Agassiz in northern Saskatchewan. 

5.1 	STRATIGRAPHY 

The sedimentary succession of northeastern Alberta comprises a lithologically diverse suite of 

Devonian carbonates, clastics and evaporites, which are unconformably overlain by Cretaceous 

siliciclastics. Of the stratigraphic units in Table 5.1, carbonates are present within the Methy 

Formation, the Slave Point Formation, the Waterways Formation, and the Woodbend Group. 

5.1.1 Methy Formation 

The Methy Formation is within the upper Elk Point Group of the Middle Devonian. The 

formation is described as a reefal to non-reefal unit containing massive to bedded dolostone, 

dolomitic limestone and minor anhydrite and gypsum (Cotterill and Hamilton, 1995). The Methy 

outcrops along Clearwater River valley, and sparsely along Firebag and Marguerite rivers. It is 

generally a dolomitic unit with interbedded anhydrite that has been described as calcareous or 

strongly calcareous (Norris, 1963). 

5.1.2 Slave Point Formation 

The age of the Slave Point Formation has been debated in the past, placed within the Middle 

(Norris, 1963; Halferdahl, 1985) and Upper Devonian (Carrigy, 1973; Cotterill and Hamilton, 1995). 

Upper and lower contacts of the unit are defined by paraconformities. The Slave Point generally 

consists of limestone, siltstone and dolomitic limestone. It is characterized by brownish-grey, 
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TABLE 5.1 	 GENERALIZED PALEOZOIC STRATIGRAPHY 
OF THE FORT MCMURRAY AREA, NORTH EASTERN ALBERTA* 

System or 	 Group 	 Formation 	J Member 

Subsystem  
Quaternary  

Smoky  
Upper Cretaceous 	 La Biche 

La Biche 
Shaftesbury 

Grand Rapids  

Lower Cretaceous 	Mannville 	 Clearwater 	Wabiskaw 

McMurray 
-- ---- -_- - 

Grosmont 
Wood bend 	 Ireton  

Cooking Lake  

Upper Devonian 	
Mildred 

 
Moberly 

Beaverhill Lake 	Waterways 	Christina 
Calumet 

 -- — — — - - - - - - - - - -  ±ir.ba 
Slave Point/ Fort 

Vermillion 

Waft _Mountain  
Upper Elk Point 	Prairie Evaporite  

Middle Devonian 	Methy!Winnipegosis  
Meadow Lake! 

Lower Elk Point 	McLean 
.-

River/Contact RapLds- 
La Loche/ Lower Paleozoic 

Granite Wash 
wm %w w W 

Precambrian 
Mocittlea alter Halterdafll (195); Cotteriii and Hamilton (1995) 

Erosional Unconformity 

- - Paraconformity 

Paraconformity? 

skeletal wackestones and argillaceous lime mudstones with interbedded dark brown shale 

laminations (Cotterill and Hamilton, 1995). The Slave Point Formation is generally less than 

several metres thick near Fort McMurray. 

5.1.3 Waterways Formation 

Members within the Waterways Formation consist of the Firebag Calumet, Christina, Moberly, 

and Mildred. The carbonates of the Waterways Formation reach a thickness of over 250 m in 

western Alberta, and thin toward the Precambrian exposure. The Firebag Member is at the base 
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of the Waterways Formation, and consists of an olive-green calcareous shale. Sequences of 

interbedded olive-green limestone, argillaceous limestone and shale are also present; Norris (1963) 

notes several thin brachiopod-rich beds throughout. The Firebag maintains a relatively uniform 

thickness of about 50 m in the Fort McMurray area. 

The Calumet Member conformably overlies the Firebag Member, and consists dominantly of 

limestone. Other units within the member include variable amounts of argillaceous, skeletal 

nodular lime mudstones and wackestones interbedded with grey-green calcareous shale (Cotterill 

and Hamilton, 1995). Norris (1963) notes significant brachiopod-rich beds in the Calumet Member. 

In the Fort McMurray area, the Calumet Member maintains a thickness of about 30 m. 

The Christina Member consists dominantly of green-grey calcareous shale and conformably 

overlies the Calumet Member. Other lithologies within the upper section of the Christina Member 

include minor interbeds of argillaceous lime mudstone and occasional thin, skeletal wackestone 

and packstone beds. In the Fort McMurray area, the Christina Member attains a thickness of 

approximately 25 m. 

Conformably overlying the Christina is the Moberly Member. The lower third of the Moberly 

Member, labelled units 28 to 37 by Norris (1963), consists of an alternating sequence of light olive-

green, rubbly, thinly-interbedded, variably argillaceous limestones and shales, and hard beds of 

pale brown, cryptograined limestones. The upper two-thirds, units 38 to 57, consists of thicker 

units of light to dark olive-green, variably calcareous shale, and thinner units of rubbly, variably 

argillaceous fragmental limestone. The Moberly Member attains a thickness of about 60 m in the 

Fort McMurray area. 

The uppermost member of the Waterways Formation is the Mildred Member. This unit is 

characterized by variably argillaceous, nodular lime mudstone and calcareous shales. A thickness 

of 40 to 45 m is maintained by the Mildred Member. 

5.1.4 Woodbend Group 

The Woodbend Group consists of limestones from the Grosmont, Ireton, and Cooking Lake 

formations. The majority of examined Grosmont Formation limestones in the Fort McMurray area 

are dolomitic with minor anhydrite (Halferdahl, 1985). The underlying Ireton Formation has been 

described as an argillaceous, medium to coarse-grained limestone accompanied by limey shale. 

Some limestones of the Cooking Lake Formation have been noted as dolomitic and argillaceous 

(Halferdahl, 1985). 
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5.2 	STRUCTURE 

Within northeastern Alberta, the Devonian and Cretaceous sedimentary sequences onlap onto 

the Precambrian cratonic platform, forming two eastwardly converging sedimentary wedges. The 

southwest regional dip of the Devonian strata follows the contour of the underlying Precambrian 

basement, which has an apparent northwest strike and southwest dip. Near Fort McMurray the 

Precambrian basement is at depths of between 250 to 300 m and has a southwesterly regional 

slope of about 5% m per km (Halferdahl, 1985). 

The westward dipping wedge of Devonian and underlying sediments rest unconformably on the 

Precambrian basement. The Devonian sediments are younger to the west. The top of the wedge 

is marked by an erosional surface that is overlain by Lower Cretaceous strata (Section 5.1). 

Structural complexities within the sedimentary succession are thought to be due to salt dissolution 

of the Lower Devonian evaporites. The result is a set of small scale domes, basins and folds, with 

amplitudes of between 15 and 30 m. Topographic structures of the sub-Cretaceous unconformity 

are due to differential erosion of the underlying Devonian sediments. The result is a generally 

northward trending set of ridges and valleys. 

	

6. 	 PERMIT GEOLOGY 

	

6.1 	MEASURED SECTIONS 

Carbonate lithologies of the Waterways Formation, specifically the Moberly, Christina, and 

Calumet members were investigated along Clearwater and Athabasca rivers. During the spring 

of 2003, and the spring and summer of 2004, 53 discrete intervals were examined at the locations 

listed in Table 4.2, by chipping outcrops perpendicular to bedding. Where bedding could not be 

identified, chips were taken in directions appropriate to topography with stratigraphic thickness 

deduced from other measurements where possible (Appendices 2A, 2B and 2C). A solution of 5% 

HCl was used to assess the quality of the limestone from the measured sections in the field. The 

53 intervals represent a stratigraphic thickness of about 63 metres, from more than 38 locations 

examined. 

	

6.2 	STRUCTURE AND STRATIGRAPHY 

6.2.1 Mill Permit 

Carbonate exposures along the west bank of Athabasca River are tentatively assigned to 

Norris's (1963) units 36 to 39 of the Moberly Member (Fig. 5.1). Norris (1963) previously noted that 
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carbonates of the Moberly Member extended from about 40 km south of the junction with 

Clearwater River to about 55 km north of the junction, which lies opposite the Fort McKay 

settlement. In the south-central portion of the Mill Permit, along Athabasca River, just under four 

metres of resistant, good-quality limestone was examined (Appendix 2A). This unit is more or less 

continuously exposed along Athabasca River, to the north, for a distance of about 2,900 m. It 

generally consists of a lower massive, lime mudstone to wackestone with a fossil bed up to 1/4  m 

thick, and numerous stromatoporoids. It is overlain by less than one metre of recessive, shaly 

limestone. In turn this unit is overlain by about one metre of tan, micritic, lime mudstone that 

contains brachiopods and crinoids. 

Within the southeast part of the permit, up to 750 m west of Athabasca River, are scattered 

outcrops of white to tan, micritic, wackestone, with crinoids, brachiopods and occasional 

gastropods and algal mats. Less than two metres of this unit is exposed along creek beds and 

ridges (Appendix 2A). 

The entirety of the Mill Permit is covered by a veneer of unconsolidated sediments, including 

clay, silt, sand and gravel (Appendix 3). The 2004 exploration showed these sediments to vary 

from nil to greater than 10 m thickness (Fig. 6.3). 

Along Athabasca River, the Devonian units generally trend NW to NNE, with dips of up to 14 0  

to the west. Near the south end of the Mill Permit, the Moberly Member has been gently folded into 

a series of NNE-SSW trending synclines and anticlines. 

6.2.2 Clearwater Permits 

Within Clearwater River valley, from west to east, are the Moberly, Christina, Calumet and 

Firebag members of the Waterways Formation (Fig. 5.1). The structure of these members follows 

the regional trend with a northwesterly strike, and gentle westerly dips. 

Along the north bank of Clearwater River, about 7 km upstream from the confluence of the 

Clearwater and Christina rivers, I to 2 m of tan, fossiliferous, micritic limestones of the Calumet 

Member are exposed. Between 6 and 8 km further upstream exposures of the Calumet are up to 

3% m thick (Appendices 2A and 2B). 

The Moberly and Christina members were not examined within the MAIM permits along 

Clearwater River; hence, the stratigraphy of these units is not discussed herein. 
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7. 	 CONCLUSION 

The Moberly and Calumet members of the Devonian Waterways Formation outcrop within 

MAIM permits 9302090608 to 610, 9303080878, 9304041067, 9304030970, and 9304050873, 

along Athabasca and Clearwater rivers. The best exposures of the Moberly Member are along 

Athabasca River within the Mill Permit. At the Mill Permit, a brief GPR survey and overburden test 

holes were used to estimate the thickness of unconsolidated overburden atop the Devonian 

limestones. The foregoing work was in support of a diamond drill program that was conducted 

along Athabasca River, north of Fort McMurray during September and October, 2004. Details of 

the diamond drill program are provided in a separate report (Knox, 2004), and are not reported 

herein. 

Carbonate intervals of the Moberly Member, along Athabasca River, generally consist of 

fossiliferous, massive to nodular, lime mudstone to wackestones, with some slightly argillaceous 

interbeds. 

Along the north bank of Clearwater River, upstream from its confluence with Christina River, 

exposures of the Calumet Member consist of fossiliferous, nodular, micritic limestone. 

A GPR survey was conducted at the Mill Permit in an attempt to delineate overburden thickness 

- and subsurface structure. As the resolution of the GPR was about I ½ m or less, little information 

was gained from the survey. Greater success in ascertaining the thickness of unconsolidated 

overburden was achieved with manual augers and an ATV-mounted percussion drill. 

J.R. Dahrouge, B.Sc., P.Geol. 

Edmonton, Alberta 
2004 12 17 
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APPENIDX 1: STATEMENT OF EXPENDITURES 
FOR MINERALS PERMITS 9302090608, 9302090609, 9302090610, 9303080878, 9304041067, 

9304050873 AND 9394030970 OF GRAYMONT WESTERN CANADA INC. 

a) Personnel 

M. Gidluck, B.Sc., P.Geol. (Geologist) 

	

8.0 days 	field work and travel between May 26-30, 2003; 
May 17-19, 2004 

$ 

J. Dahrouge, B.Sc., P.Geol. (Geologist) 

	

16.6 days 	field work and travel between May 26-30, 2003; 
May 17-19, July 22-25, 27-28, and Sept. 24-25, 2004 

13.0 	days 	preparations for field, organizing, supervising and 
preparing report 

$ 

W. McGuire, (Draftsman, Field Assistant) 

	

22.5 days 	compile field data; drafting; prepare base maps, 
figures and other; propose drill hole locations 

$ 

R. Wolbaum, B.Sc. (Geologist) 

	

13.0 days 	field work and travel between July 17-25, 27-28, 30-31, 

	

4.5 days 	check status of Indian Land Claims near Fort McMurray; 
preparations for field work 

$ 

N. McCallum, B.Sc. (Geologist) 

	

21.0 days 	field work and travel between July 22-25, 27-28, 30-31, 
Sept. 24 to Oct. 6, 2004 

	

13.5 days 	preparations for field work; edits to assessment report 
$ 

J. Wolbaum (Field Assistant) 

	

13.0 days 	field work and travel between July 17-25, 27-28, 30-31, 2004 
$ 

J. Loverock (Field Assistant) 

	

14.0 days 	field work and travel between Sept. 24 to Oct. 6, 2004 
$ 

B. Perlitz (Field Assistant) 

	

14.0 days 	field work and travel between Sept. 24 to Oct. 6, 2004 
$ 

B. Dahrouge (Drill Operator) 

	

6.0 days 	field work and travel between Sept. 24 to 28, 2004 
$ 

R. Vega, (Assistant) 

	

15.5 hours 	copy and bind reports; data entry; plot and trim maps 
$ 

$ 57,072.73 
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APPENDIX 1: CONTINUED 

b) Food and Accommodation 
105.6 man-days 	accommodations (motel) 

	
$ 8,250.05 

105.6 man-days 	groceries and meals 
	

$ 4,007.11 
$ 12,257.16 

C) Transportation 
Airfare: 

ATV: 

Helicopter: 
Other: 

Vehicles: 

d) Instrument Rental 

e) Drilling 

f) Analyses 

g) Report  

Cal-Fort McMurray Return (May 26-30, 2003) 
Edm-Fort McMurray Return (May 26-30, 2003) 
Cal-Fort McMurray Return (May 17-19, 2004) 
Edm-Fort McMurray Return (May 17-19, 2004) 
Fort McMurray-Edm (Sept. 25, 2004) 
Quad I Rental (Sept. 24 to Oct. 6, 2004) 
Quad 2 Rental (Sept. 24 to Oct. 6, 2004) 
Trailer Rental (Sept. to Oct., 2004) 
Helicopter Charter (May 17, 2004) 
Jet-Boat Rentals 
Car Rental (1899km; July 17-31, 2004) 
Truck Rental (May 26-30, 2003) 
Truck Rental (May 17-19, 2004) 
Truck Rental (1448 km; July 22-29, 2004) 
Truck Rental (1510 km; Sept. 24-28, 2004) 
Truck Rental (Sept. - Oct., 2004) 
Fuel 
Parking 

X3M Ground Penetrating Radar 

Hand Augers 
9800 Series Quad Mounted Drill (Sept. 24 to Oct. 6, 2004) 

n/a 

Reproduction and assembly  

$ 	299.65 
$ 	337.88 
$ 	420.74 
$ 	371.01 
$ 	277.31 
$ 2,059.75 
$ 1,854.88 
$ 582.62 
$ 3,782.48 
$ 2,707.10 
$ 	835.56 
$ 	302.32 
$ 	216.08 
$ 	637.12 
$ 	797.28 
$ 2,442.28 
$ 	546.68 
$ 	58.05 

$ 18,528.77 

$ 1,441.83 
$ 1,441.83 

$ 	741.51 
$ 23,687.13 

$ 24,428.64 

$ 	181.50 

$ 	181.50 
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APPENDIX 1: CONTINUED 

h) Other 
Aerial photographs and reports 
Base map(s) and map reproductions 
Courier, postage and shipping 
Digital Topographic Data 
Equipment Repairs 
Field supplies 
Long distance telephone 
Reproductions 
Software Rentals (Gemcom) 

Total 

$ 	596.19 
$ 1,014.28 
$ 	488.84 
$ 1,384.08 
$ 	814.90 
$ 	754.95 
$ 	38.05 
$ 	271.78 
$ 	435.49 

$ 5,798.55 

$119,709.17 

I, Jody R. Dahrouge, hereby certify that the costs outlined above were expended for the assessment of 
metallic and industrial minerals permits 9302090608. 9302090609. 9302090810. 9303080878, 9304041067, 
9304050873 and 9394030970 



APPENDIX 2A: DESCRIPTIONS OF THE 2004 STRATIGRAPHIC SECTIONS 
FROM MAIM PERMIT 9304030970 FROM NEAR THE LUMBER MILL ALONG ATHABASCA RIVER 

Note: Stratigraphic thicknesses are based on measured attitudes of bedding, as listed below, with appropriate interpolations. 
Attitudes are strike dip. UTM coordinates are NAD83. Isolated samples and sections are ordered from north to south. 
Samples are listed in order from stratigraphic top to bottom. Most samples consist of chips at 30-cm intervals. 

Abbreviations: WW - Waterways Formation, Mob - Moberly Member, Chr - Christina Member, Cal - Calumet Member 
Unit designations are after Norris (1963). 

Interval UTM Coordinates Formation Strat. 	 Description 
Easting Northing Member Thick. (m) 

Section 2004-2 
19323 	474531 6295722 WW-Mob 

—2 	unconsolidated sand 
1% 	Lime Mudstone, light-grey to tan weathered and fresh, micritic to very fine grained, nodular to 

platy with <¼ m interbed of coarse-grained, crinoidal Grainstone 
1% 	Lime Mudstone, tan weathered and fresh, micritic, platy with beds <¼ m, approximate 20 cm 

fossil bed at base of interval, upper part of interval with relatively fewer fossils, attitude of beds 
075°105° N 

—1 
	

Wackestone, tan weathered and fresh, micritic to very fine grained, brachiopods, platy with 
beds generally <¼ m, more resistant than overlying units, good reaction to HCI 

½ 
	

Lime Mudstone, grey weathered, tan fresh, micritic with some coarse-grained beds, platy - 
nodular, abundant crinoids and some brachiopods in top bed, moderate to good reaction to 
HCI 
Lime Mudstone, tan weathered and fresh, micritic with some sparry calcite, brachiopods, rare 
crinoid, recessive, platy, slightly dolomitic, poor to moderate reaction to HCI 

1 1/4 	Lime Mudstone, tan weathered and fresh, micritic, platy, beds 15 cm, scattered brachiopods, 
approximately 20 cm fossil bed at base of interval, attitude of beds 024°/04°W 

—1% 	Lime Mudstone, light-grey to light-tan-grey weathered, tan fresh with some light-grey-tan 
beds, platy with beds up to ¼ m, stromatoporoids at top of interval, brachiopods, moderate to 
good reaction to HCI 

Section 2004-1 
- 	474464 6296115 

19319 	474464 6296115 WW-Mob 

19318 
	

474464 6296115 WW-Mob 

19317 
	

474464 6296115 WW-Mob 

19322 
	

474531 6295722 WW-Mob 

19321 
	

474531 6295722 WW-Mob 

19320 
	

474531 6295722 WW-Mob 



APPENDIX 2A: CONTINUED 

Interval UTM Coordinates Formation Strat. 	 Description 
Easting Northing Member Thick. (m) 

Lime Mudstone, grey weathered, tan-grey fresh, micritic, nodular, crinoids, bivalves and 
brachiopods, slightly recessive 
Lime Mudstone, tan weathered and fresh, micritic, near flat lying, fossil bed in lower % m, 
10 cm recessive bed with some clay in top 1/4  m 
Lime Mudstone, tan-grey weathered, tan-brown fresh, micritic with some sparry calcite, grains 
to 2 mm, platy, most beds <% m 

Lime Mudstone, with % m fossil bed at base of section, abundant brachiopods/bivalves, and 
stromatoporoids; upper part is micritic with few grains I to 2 mm, platy with beds < 15 cm, 
moderate to good reaction to HCI, attitude of beds I 16°/03° S 

Section 2004-3 
19251 	474553 6295526 WW-Mob 	—% 

19325 	474553 6295526 WW-Mob 
	1 1/4  

19324 	474553 6295526 WW-Mob 
	1 1/2  

Section 2004-4 
19254 	474616 6295210 WW-Mob 

	
3/4  

11/2 	Lime Mudstone, tan weathered, tan-brown fresh, micritic with some sparry calcite, grains to 
2mm, platy, most beds <% m, resistant but not massive 

<% 	Wackestone, greyish-brown weathered, light-grey fresh, mottled, abundant brachiopods, 
bivalves, platy, very good reaction to HCl, some rusty-brown material on fractures 

2 	Wackestone, grey weathered with some rusty patches and mottling, tan-grey fresh, micritic, 
thick-bedded to massive, bivalves, crinoids, good reaction to HCI 

1/2 	Wackestone, yellow-tan-grey weathered, light-grey fresh, micritic, rusty surfaces, brachiopods 
up to 5 cm, crinoids, nodular, beds 5 to 15 cm, attitude of beds 153°/I 3° SW 

19253 
	

474616 6295210 WW-Mob 

19252 
	

474616 6295210 WW-Mob 

Section 2004-5 
19223 	474810 6294198 WW-Mob 

19222 	474810 6294198 WW-Mob 

1% 	Wackestone, yellow-tan weathered, grey-tan fresh, micritic, brachiopods, occasional crinoids, 
beds to 10 cm 

1/2 	covered 
2 	Lime Mudstone, grey-tan weathered, grey-tan fresh, micritic, brachiopods, beds <10cm, thin, 

crumbly, nodular 

Section 2004-6 
19327 	474806 6293524 WW-Mob 

- 	474806 6293524 WW-Mob 
19328 	474806 6293524 WW-Mob 



APPENDIX 2A: CONTINUED 

Interval UTM Coordinates Formation Strat. 	 Description 
Easting Northing Member Thick. (m) 

Section 2004-7 
18858 	474802 6293392 WW-Mob 	—1 	Lime Mudstone, very similar to Unit 37, some sparry calcite, good reaction to HCI 
18857 	474802 6293392 WW-Mob 	—1% 	Lime Mudstone, similar to but less resistant than Unit 37; overlain by % m of shaly limestone, 

buff weathered, friable, platy 
18856 	474802 6293392 WW-Mob 	—2 1/2 	Lime Mudstone, tan weathered, brownish-grey fresh; medium bedded to massive, slight 

nodular appearance, good reaction to HCI 

Isolated Samples - Along Athabasca River 
- 	474430 6295954 	- 	5% 	unconsolidated sand 

19315 	474430 6295954 WW-Mob 	<% 	Wackestone, rusty-tan weathered, micritic, brachiopods and bivalves, beds < 10cm, platy, 
medium to good reaction to HCl 

19316 	474484 6295941 WW-Mob 	1 1/2-1% Wackestone, tan-brown weathered, light-grey to tan fresh, micriticto very fine grained, platy 
with beds < 15 cm, few brachiopods and bivalves, some stromatoporoids, attitude of beds 
I 45/05°W 

19206 	474824 6293888 WW-Mob 	21/2 

Wackestone, light-grey-tan weathered, light-grey fresh, micritic, brachiopods, beds 5 to 15 
cm, good reaction to HCI, attitude of beds 157/03° W 

Wackestone, yellow-tan-grey weathered, light-grey fresh, micritic, rusty surfaces, brachiopods 
up to 5 cm, crinoids, nodular, beds 5 to 15 cm 

Lime Mudstone to Wackestone, tan weathered, light-grey-tan fresh, micritic, occasional fossil 
fragment and crinoid, beds <1/2m to massive, good reaction to HCI, attitude of beds 
004°/11° W 

Wackestone, grey-tan weathered, tan fresh, micritic, brachiopods, few shell fragments, 
corals(?), beds less than % m, good reaction to HCl, attitude of beds 173°/03° W 

19220 	474736 6294719 WW-Mob 
	

3/4  

19221 	474791 6294471 WW-Mob 
	

2 

19207 	474819 6293791 WW-Mob 
	

2 

19208 	474816 6293697 WW-Mob 

19209 	474816 6293600 WW-Mob 

2 

2 

Wackestone, light-grey-tan weathered, tan fresh, micritic, brachiopods replaced by calcite, 
cnnoids, corals, beds 10 cm, nodular, good reaction to HCI 

Wackestone, light-grey weathered, grey-tan fresh, micritic, brachiopods replaced by calcite, 
nodular, good reaction to HCl, attitude of beds 001 0/090  E 

19210 	474806 6293524 WW-Mob 	21/2 	Wackestone, as per 19209, attitude of beds 173°/02° W 



APPENDIX 2A: CONTINUED 

Interval UTM Coordinates Formation Strat. 	 Description 
Easting Northing Member Thick. (m) 

Isolated Samøles - Along Athabasca River (continued) 

Wackestone, tan-yellow weathered, grey fresh, micritic, brachiopods, beds 10-50 cm, nodular, 
crumbly, recessive at top-inaccessible, attitude of beds 009°/02° W 

Lime Mudstone, tan weathered, tan-grey fresh, very fine grained, brachiopods, beds less than 
¼ m, nodular, attitude of beds 008 °/03° W 

Lime Mudstone. tan-grey-orange weathered, It-grey fresh, micritic, occasional crinoid and 
brachiopod, good reaction to HCI 

Lime Mudstone - Wackestone, tan-grey weathered, light-grey-brown fresh, micritic, crinoids, 
brachiopods, rusty surfaces, beds 5 to 10 cm, good reaction to HCI, attitude of beds 
0270/130 W 

Wackestone, tan weathered, light-grey-tan fresh, micritic, brachiopods replaced by calcite, 
small, poorly exposed outcrop 

Wackestone, as per 19202, bottom ¼ m more massive, attitude of beds 004°/08° W 

Wackestone, tan-white weathered, light-grey-tan fresh, micritic, brachiopods, crinoids, beds 5-
10 cm, attitude of beds: 0010/11  W 

Lime Mudstone, tan-white weathered with some rusty surfaces, light-grey-tan fresh, micritic, 
brachiopods; small, poorly exposed outcrop 

Wackestone, white to tight-grey weathered with a few rusty patches, tan-light-grey fresh, 
micritic, crinoids, occasional brachiopod, beds <10 cm, moderate to good reaction to HCI, 
attitude of beds 005°/14° W 

Wackestone, as per 19218, scattered outcrop and float 
Wackestone, tan-white weathered, grey-tan fresh, micritic, brachiopods, pellets, rubbly 
outcrop 

Wackestone, white-tan weathered with some rusty surfaces, grey-tan fresh, micritic, 
brachiopods, occasional crinoid, platy, nodular, excellent reaction to HCI 

19211 
	

474799 6293430 WW-Mob 
	

3 

19212 
	

474787 6293359 WW-Mob 
	1 1/2  

Isolated Samples - Mill Permit Upland 
19201 	474423 6294536 WW-Mob 

	* 

19202 	474409 6294451 WW-Mob 
	

I 

19219 	474374 6294377 WW-Mob 
	* 

19203 	474396 6294343 WW-Mob 
	1 1/2  

19204 	474375 6294252 WW-Mob 
	

I 

19205 	474245 6294222 WW-Mob 
	* 

19225 	474355 6294219 WW-Mob 
	

2 

19217 	474530 6294198 WW-Mob 
	* 

19218 	474530 6294198 WW-Mob 
	* 

19216 	474569 6294183 WW-Mob 
	* 

-1 



APPENDIX 2A: CONTINUED 

Interval UTM Coordinates Formation Strat. 	 Description 

Easting Northing Member Thick. (m) 

Isolated Samples - Mill Permit Upland (continued) 

19224 	474477 6294172 WW-Mob 	1 1/2 Wackestone, white-tan weathered with some rusty patches, tight-grey-tan fresh, micritic, 
crinoids, bivalves, gastropods, algal mats, beds >5 cm, moderate to excellent reaction to HCI, 
attitude of beds 006°/i 0° W 

Lime Mudstone, white weathered, tan-tight brown fresh, very fine grained, occasional 
bivalves, beds —10 cm, very good reaction to HCl, attitude of beds: 031 °/12° E 

Wackestone, as per 19213 

Wackestone, as per 19213 

Wackestone, white-tan weathered with some rusty surfaces, grey-tan fresh, micritic, 
brachiopods, occasional crinoid, platy, nodular, excellent reaction to HCl 

19226 	486308 6280981 WW-Mob 
	

I 

19215 	474581 6293981 WW-Mob 
	* 

19214 	474584 6293964 WW-Mob 
	* 

19213 	474606 6293901 WW-Mob 	<¼ 

> 



APPENDIX 2B: DESCRIPTIONS OF THE 2003 STRATIGRAPHIC SECTIONS 
FROM MAIM PERMITS 9302090608, 609 AND 610 ALONG CLEARWATER RIVER 

Note: Stratigraphic thicknesses are based on measured attitudes of bedding, as listed below, with appropriate interpolations. Attitudes are 
strike and dip. UTM coordinates are NAD83. Isolated samples and sections are ordered from north to south. Samples are listed 
in order from stratigraphic top to bottom. Most samples consist of chips at 30-cm intervals. 

Abbreviations: WW - Waterways Formation, Mob - Moberly Member, Chr - Christina Member, Cal - Calumet Member 
Unit designations are after Norris (1963). 

Interval UTM Coordinates Formation Strat. 	 Description 
Easting Northing Member Thick. (m) 

Section 2003-01 
18670 	507853 6280180 WW-Cal 	—3% 	Bioclastic Limestone, rusty-brown-tan weathered, tan fresh, brachiopods, bivalves, good 

reaction to HCI, attitude of beds 022°/08°S, 010°/I 3°S; includes 2 m covered interval 

> 
CD 



APPENDIX 2C: DESCRIPTIONS OF THE 2004 STRATIGRAPHIC SECTIONS 
FROM MAIM PERMITS 9302090608, 609 AND 610 ALONG CLEARWATER RIVER 

Note: Stratigraphic thicknesses are based on measured attitudes of bedding, as listed below, with appropriate interpolations. Attitudes are 
strike and dip. UTM coordinates are NAD83. Isolated samples and sections are ordered from north to south. Samples are listed 
in order from stratigraphic top to bottom. Most samples consist of chips at 30-cm intervals. 

Abbreviations: WW - Waterways Formation, Mob - Moberly Member, Chr - Christina Member, Cal - Calumet Member 
Unit designations are after Norris (1963). 

Interval UTM Coordinates Formation Strat. 	 Description 
Easting Northing Member Thick. (m) 

Section 2004-08 
19239 507885 6280218 WW-Cal 

19238 507885 6280218 WW-Cal 

1 	Lime Mudstone to Wackestone, tan-white weathered, tan fresh, micritic, brachiopods, beds 5- 
20 cm, nodular, fragmented, calcite layers, attitude of beds 001 °/09° E 

% 	Lime Mudstone, tan-white weathered, grey fresh, some blue banding, micritic, occasional 
brachiopod, moderate reaction to HCI, beds <5cm, platy, attitude of beds 030°/09° SE 

Section 2004-09 
19240 	509636 6281152 WW-Cal 	1/2 	Packstone, light-grey weathered, medium-dark-grey fresh, fine-grained, brachiopods to 3 cm, 

platy, very good reaction to HCI, attitude of beds 029°/07 0  SE 
19241 	509636 6281152 WW-Cal 	* 	Lime Mudstorie to Wackestone, light-grey-tan weathered, grey fresh, micritic, very platy, small 

brachiopods, rusty fractures, subcrop from below 19240 

Isolated Samples - Clearwater Permit (MAIM 9302090609) 
19243 	502341 6279196 WW-Cal 	I 	Wackestone, as per 19242 

19242 	502754 6279045 WW-Cal 	2 	Wackestone, tan to grey weathered, light-grey-tan fresh, micritic, brachiopods 

> 
-a 
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> 3.00 
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> 3.00 
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> 1.66 
> 3.40 
> 1.75 
> 2.75 
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0.10 
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0.15 
0.30 
>2.8 
2.63 
1.00 
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1.00 
1.10 
1.70 
>1.7 
0.80 
>3.1 
0.40 
0.20 
0.15 

Hit Bedrock (BR) 

Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 

Hit BR 

Hit BR 

Hit BR 
Hit BR 

thick clay 
Hit BR 
Hit BR 
Hit BR 
Hit BR 

thick clay 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 

thick clay 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 

thick clay 
Hit BR 

Hit BR 
Hit BR 
Hit BR 

mud for entirity of hole 
mud for entirity of hole 

dirt/till 
clay and sand 
clay and sand 

dominantly sand 

sand entire hole 

All 

APPENDIX 3: DESCRIPTIONS AND LOCATIONS OF OVERBURDEN TEST 
HOLES WITHIN MAIM PERMIT 9304030970 FROM NEAR 

THE LUMBER MILL ALONG ATHABASCA RIVER 

No. Drillhole UTM Coordinates 	Hole 	 Comments 
Easting Northing 	Depth 	Hole Bottom 	 Other 

MANUAL AUGER HOLES 
I 	R143 	474107 6295064 
2 	R144 474023 6295067 
3 	R145 	474330 6295068 
4 	R146 	474510 6295058 
5 	R157 	474365 6295602 
6 	R158 	474204 6295612 
7 	R159 	474002 6295667 
8 	R160 	473826 6295667 
9 	R161 	473648 6295697 
10 	R163 	473860 6297647 
11 	R167 	474030 6296478 
12 	R168 	473871 6296497 
13 	J167 	474210 6294209 
14 	J169 	474138 6294196 
15 	J170 	474099 6294198 
16 	J171 	474031 6294205 
17 	J172 	473943 6294292 
18 	J173 	473819 6294288 
19 	J174 	473689 6294240 
20 	H007 	474023 6294213 
21 	H009 	474160 6294138 
22 	HOlO 	474089 6294083 
23 	H011 	474154 6294021 
24 	H012 	474159 6294091 
25 	H013 	474123 6294095 
26 	H014 	474200 6294055 
27 	H015 	474244 6294001 
28 	H016 	474474 6293893 
29 	H018 	474587 6293897 
30 	H019 	474660 6293893 
31 	H020 	474698 6293823 
32 	H021 	474675 6294034 
33 	H022 474594 6294208 
34 	H023 474395 6294066 
35 	H024 474435 6294552 
36 	H025 474404 6294834 
37 	H026 474533 6294866 
38 	H027 	474451 6294747 
39 	H028 	474318 6294748 
40 	H029 	474192 6294683 
41 	H030 	474002 6294661 
42 	H031 	474149 6294481 
43 	H032 474096 6294342 
44 	H033 474149 6294270 
45 	H034 	474152 6293963 
46 	H035 	474100 6293910 
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APPENDIX 3: CONTINUED 

No. Drillhole UTM Coordinates 	Hole 	 Comments 
Easting Northing 	Depth 	Hole Bottom 	 Other 

6293887 
6293868 
6293860 
6293737 
6293786 
6294675 
6294913 
6294966 
6294917 
6294883 
6293726 
6293594 
6293591 

6293585 
6293488 
6293728 
6293787 
6293789 
6293840 
6294130 
6294074 
6294077 
6294151 
6294192 
6294354 
6294547 
6294817 
6294674 
6294641 
6294621 
6294432 
6294287 
6295457 
6295231 
6297271 
6298000 
6299763 
6300084 
6300658 
6300977 
6301336 
6301531 
6301341 
6299502 
6300417 
6300666 

6300691 

thick organic clay at bottom 
sand entire hole 

at the edge of N-S topographic ridge 
ridge trends E-W, beaver dam to 

south 
north of E-W trending ridge 

beside N-S trending ridge 
beside N-S trending ridge 
beside N-S trending ridge 

beside beaver dam, in low-ground 

above ridge, east of beaver dam 

sand entire hole 
sand entire hole 
sand entire hole 
sand entire hole 
sand entire hole 
sand entire hole 
sand entire hole 
sand entire hole 
sand entire hole 

grinding noise at bottom, presumably 
limestone 

no grinding noise, much smoother 

47 
	

H036 474026 
48 
	

H037 474232 
49 
	

H038 
	

474169 
50 
	

H039 
	

474188 
51 
	

H040 
	

474054 
52 
	

H043 474429 
53 
	

H044 474443 
54 
	

H045 474287 
55 
	

H046 
	

474166 
56 
	

H047 474065 
57 
	

H048 474472 
58 
	

H049 474465 
59 
	

H050 
	

474585 

60 
	

H051 
	

474654 
61 
	

H052 
	

474717 
62 
	

H053 474689 
63 
	

H054 474578 
64 
	

H055 474558 
65 
	

H056 474467 
66 
	

H057 
	

474312 
67 
	

H058 474283 
68 
	

H059 474240 
69 
	

H060 
	

474241 
70 
	

H061 
	

474203 
71 
	

H062 
	

474225 
72 
	

H063 474267 
73 
	

H064 474492 
74 
	

H065 474459 
75 
	

H066 
	

474510 
76 
	

H067 474635 
77 
	

H068 
	

474520 
78 
	

H069 
	

474512 
79 
	

H070 474497 
80 
	

H071 
	

474505 
81 
	

H077 
	

473659 
82 
	

H082 
	

473674 
83 
	

H083 473379 
84 
	

H084 
	

473481 
85 
	

H085 473467 
86 
	

H087 
	

473366 
87 
	

H088 473370 
88 
	

H089 473392 
89 
	

H090 
	

473118 
90 
	

H091 
	

473534 
91 
	

H092 
	

473519 
92 
	

H093 
	

473513 

93 	H094 	473579 

3.20 
	

Hit BR 
3.80 
	

Hit BR 
1.35 
	

Hit BR 
>4.2 
>3.0 
	

thick clay 
0.85 
	

Hit BR 
1.05 
	

Hit BR 
0.90 
	

Hit BR 
0.85 
	

Hit BR 
3.50 
	

Hit BR 
0.85 
	

Hit BR 
2.58 
	

Hit BR 
>4.1 
	

thick clay 

2.00 
	

Hit BR 
2.65 
	

Hit BR 
1.75 
	

Hit BR 
>4.25 
	

thick clay 
1.20 
	

Hit BR 
1.30 
	

Hit BR 
0.25 
	

Hit BR 
0.45 
	

Hit BR 
>4.25 
	

thick clay 
0.45 
	

Hit BR 
0.28 
	

Hit BR 
0.25 
	

Hit BR 
0.80 
	

Hit BR 
2.05 
	

Hit BR 
1.23 
	

Hit BR 
2.60 
	

Hit BR 
>4.5 
	

thick clay 
0.85 
	

Hit BR 
0.50 
	

Hit BR 
2.10 
	

Hit BR 
1.77 
	

Hit BR 
3.35 
	

Hit BR 
5.52 
	

Hit BR 
4.05 
	

Hit BR 
>3.4 
	

collapsed hole 
1.60 
	

Hit BR 
>2.4 
	

collapsed hole 
>1.9 
	

collapsed hole 
1.40 
	

Hit BR 
>3.8 
	

collapsed hole 
>2.4 
	

collapsed hole 
2.50 
	

Hit BR 
1.20 
	

Hit BR 

1.5 
	

Hit BR 
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APPENDIX 3: CONTINUED 

No. Drillhole UTM Coordinates 	Hole 	 Comments 
Easting Northing 	Depth 	Hole Bottom 	 Other 

94 	H095 	473617 6300717 
	

2.20 
95 	H096 	473421 6300643 

	
>3.5 

96 	H097 	473356 6300639 
	

>3.2 
97 	H098 	473893 6299497 

	
>4.4 

98 	H099 	473905 6298950 
	

>3.6 
99 	H100 	474314 6298863 

	
>5.4 

100 H102 	473722 6294914 
	

>3.2 

ATV MOUNTED PERCUSSION DRILL 
1 	Q003 	474072 6294190 

	
2.75 

2 	Q004 	474043 6294197 
	

3.50 
3 	Q013 	474001 6294237 

	
>11.2 

4 	Q014 	473966 6294265 
	

>6.1 
5 	Q016 	473941 6294291 

	
>7.9 

6 	Q017 	473916 6294296 
	

>12.5 
7 	Q018 	473864 6294308 

	
2.70 

8 	Q019 	473838 6294295 
	

3.50 
9 	Q020 	473807 6294272 

	
3.50 

10 	Q021 	473769 6294259 
	

4.00 
11 	Q022 	473875 6294226 

	
4.10 

12 	Q023 	473769 6294169 
	

4.00 
13 	Q024 	473685 6294128 

	
5.50 

14 	Q025 	473672 6294022 
	

5.80 
15 	Q027 	474060 6295065 

	
3.50 

16 	Q028 	473997 6295066 
	

4.90 
17 	Q029 	473927 6295068 

	
4.00 

18 	Q030 	473889 6295064 
	

2.70 
19 	Q031 	473825 6295063 

	
4.00 

20 	Q041 	473552 6295076 
	

4.42 
21 	Q042 	473604 6295072 

	
3.35 

22 	Q078 	473730 6297103 
	

5.60 
23 	Q079 	473896 6297001 

	
5.80 

24 	Q080 	473915 6294782 
	

8.00 
25 	Q081 	473740 6297845 

	
6.70 

Hit BR 
collapsed hole 
collapsed hole 
collapsed hole 
collapsed hole 
collapsed hole 
collapsed hole 

weathered limestone 
Hit BR 

reaching depth limit 
reaching depth limit 
reaching depth limit 

depth limit 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 
Hit BR 

no grinding noise, much smoother 
sand entire hole 
sand entire hole 
sand entire hole 
sand entire hole 
sand entire hole 
sand entire hole 

sand and clay at bottom 

sand and clay at bottom 

limestone(?) 
limestone(?) 
limestone(?) 
limestone(?) 
limestone(?) 
limestone(?) 
limestone(?) 
limestone(?) 
limestone(?) 
limestone(?) 
limestone(?) 
limestone(?) 
limestone(?) 
limestone(?) 
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APPENDIX 4: STATEMENT OF QUALIFICATIONS 

The field work described in this report was supervised by Jody Dahrouge. 

J.R. Dahrouge is a geological consultant with Dahrouge Geological Consulting Ltd. based in 

Edmonton, Alberta. He obtained degrees in geology and computing science from the University of 

Alberta, Edmonton in 1988 and 1994, respectively. He has more than 10 years of experience in 

mineral exploration. He is a member of the Canadian Institute of Mining and Metallurgy and is 

registered as P. Geol. with the Association of Professional Engineers, Geologists, and 

Geophysicists of Alberta. 
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1.0 INTRODUCTION 

Graymont Western Canada Inc. holds Metallic and Industrial Minerals Permits along the 
Athabasca River north of the town of Fort McMurray and to the east in the Clearwater 
River valley. The principal mineral of interest in these holdings is high quality limestone, 
which was tested with a drilling program, the subject of this report, between September 
25th to Oct 31st, 2004, on Metallic and Industrial Minerals permit # 9304030970. 

The project was initiated by Marcus Gidluck, Division Geologist with Graymont, and 
supervised in the field by Alex Knox, geological consultant from Calgary. The diamond 
drill core was logged and interpreted by Mr. Knox. The cores were sawn, bagged and 
sampled by a geotechnical helper in one of the core examination rooms supplied by 
Neegan Technical Services in Fort McMurray. The diamond drilling operation was 
conducted by Canadian Mine Services from Edmonton. 

The drilling program tested the lower half of the Moberly, the Christina and the upper 
part of the Calumet Members of the Upper Devonian Waterways Formation. Several 
massive potentially high quality limestone zones were encountered in the Moberly 
Member and these stratigraphic horizons were correlated from hole to hole. 

2.0 LOCATION AND ACCESS 

The property is located in Sections 7, 18, 19, 30 and 31 of-90-9-W4 east of Highway 63 
on the strip of land sandwiched between the highway and the Athabasca River just north 
of the town of Fort McMurray (Figure 1). The entire permit is situated on relatively flat 
ground in the Athabasca River valley. There are a number of water filled and swampy 
remnant channel features located in the eastern portions of the permit near the river. 

The property has been extensively logged over with narrow strips of original forest 
remaining as buffer zones along the highway and the river banks. Old logging roads, 
trails and clear-cuts traverse the property and provided access from Highway 63 to all the 
drill sites. No new roads were constructed nor was any timber cut during the program. 

With permission of the owners, two of the holes (FMM 04-06 and —07) were drilled on 
private leases used for iron scrap adjacent to the highway (Figure 2, in pocket). 

3.0 PROPERTY 

All the drilling was conducted on Metallic and Industrial Minerals Permit # 9304030970, 
part of a contiguous group of seven separate permits (Table 1, Figure 3) extending west, 
south and east from the permit drilled. The subject permit occupies an area 831.71 
hectares in size and was taken out by Graymont on March 10, 2004. Assessment on this 
permit is not due until March 9, 2006. Three of the other permits in this group (see Figure 
2) however, p9302090608, #9302090609 and #9302090610, require assessment work to 
be filed this year before Dec. 15th  A portion of the work herein reported will be applied 
accordingly. 
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Table 1 

LIST OF PERMITS IN GROUP 

PERMIT No. 	AREA 	DATE 	WORK DUE NEW DUE DATE 
(Hectares) 	ACQUIRED  

9302090608 	8704 	 Sept 16, 2002 	Dec 15, 2004 	Dec 15, 2006 
9302090609 	6629 	 Sept 16, 2002 	Dec 15, 2004 	Dec 15, 2006 
9302090610 	2688 	 Sept 16, 2002 	Dec 15, 2004 	Dec 15, 2006 
9303080878 	1280 	 Aug 8, 2003 	Aug 14, 2005  
9304030970 	832 	 Mar 10, 2004 	Mar 9, 2006  
9304041067 	9152 	 Apr 14, 2004 	Apr 13, 2006  
9304050873 	8788 	May 17, 2004 	May 16, 2005  

4.0 HISTORY 

As far as is known by the author, there has been no previous exploration for limestone in 
this permit area prior to Graymont's work in 2004. Halferdahl and Associates for Steel 
Brothers Canada Ltd., a Graymont predecessor company did sampling of outcrops along 
the Athabasca River as part of a regional exploration program for limestone in 1979. 
(Halferdahl, 1985) 

5.0 DRILL PROGRAM AND LOGISTICS 

	

5.1 	Timing 

Preparatory work including assessing logistics, spotting drill holes and preliminary 
discussions with the regulators was conducted during the week of August 30-Sept. 3. The 
drill and crew were mobilized on Sept 23 1h  and drilling on the permit was conducted from 
Sept. 25 to Oct 28th•  The drill was then moved to another property in the area held by 
Graymont. Logging the cores and processing the samples for shipment to Graymont's 
laboratory was completed by Oct. 3 1. 

	

5.2 	Access 

The south end of the area drilled is located immediately north of Ft. McMurray, between 
Highway 63 on the west and the Athabasca River on the east. The property was accessed 
off Highway 63 using three previously constructed ramps, thence to the individual drill 
sites via old logging roads and clearings. 

4 



5.3 	Core Drilling 

A diamond drilling rig and crew were contracted from Canadian Mining Services Ltd. in 
Edmonton. The crew, working one 12-hour shift per day, drilled 829.5 m in 14 holes. The 
drilling rig was mounted on a Nodwell tracked vehicle to minimize ground disturbance. 
The rig was towed from location to location by an 8-wheeled timber skidder. 

5.4 Core Logging 

The diamond drilling operation recovered NQ sized drill core. Recovery was very good 
in limestone intervals, over 99%. The core was placed in wooden core boxes and taken to 
NTS (Neegan Technical Services) core facility in Ft. McMurray where the core was 
logged by the author. At present the core is stored in the NTS yard. 

5.5 Surveying 

After drilling, the locations of all 14 of the holes drilled was surveyed in by Athabascan 
Resource Company. The holes were surveyed in UTM grid (NAD 83) and the survey tied 
into local ASTM monuments. The survey coordinates for each hole can be found in the 
drill log headers (Appendix 3). 

5.6 Exploration Expenditures 

r 	The 2004 drilling project incurred exploration expenditures (Appendix 2) of $173,526. 
The assignment of these expenditures is provided in a cover letter attached to this report. 

6 Regional Geology 

The geology of the Ft. McMurray area consists of two major lithologic packages. The 
bedrock over most of the area is the lower Cretaceous McMurray Formation, composed 
of fine to medium-grained, variably bitumen impregnated sand with lesser shale and 
mudstone. This formation is the host for the major oil sand deposits of the area. 

The McMurray Formation lies with profound unconformity on upper Devonian 
limestone. The limestone dips gently to the southwest so that as one proceeds west 
progressively younger formations are present at the unconformity surface. The Devonian 
rocks are mostly exposed in local river valleys where the overlying McMurray Formation 
has been removed by erosion. In the Ft. McMurray area the valleys of the Athabasca and 
Clearwater rivers and their tributaries contain most of the bedrock exposures of 
limestone. 

In the vicinity of Metallic and Industrial Minerals Permit # 9304030970, the Devonian 
formation that is exposed in the Athabasca River valley is the Waterways Formation, 
specifically the Moberly Member which generally consists of interbedded limemudstone, 
fossiliferous limewackestone to packstone and variously calcareous shale. 



Glacial and recent alluvial deposits mantle the bedrock throughout the area. Outcrop is 
very rare except in road cuts and in the active river valleys themselves. 

Table 2 
REGIONAL TABLE OF FORMATIONS 

Period 	Formation 	Member 	Lithology 	Thickness 
(m) 

	

McMurray 	 Sandstone, oil 	 0-90 
Cretaceous 	 impregnated. Lessor 

siltstone, shale, coal  
Ireton 	 Argillaceous limestone, 	105 

calcareous shale  
Cooking 	 Bioclastic limestone, 	 45 

Lake 	 locally dolomitic and 
argillaceous.  

	

Waterways 	Mildred 	Limestone, argillaceous, 	45 
grey-green and buff. 
Shale.  

Moberly 	Limestone, massive, rubbly 	60 
weathering, mottled, 

Devonian 	
interbedded with shale. 
Calcareous shale.  

Christina 	Argillaceous limestone and 	26 
shale  

Calumet 	Nodular to argillaceous 	30 
limestone, calcareous 
shale, shale.  

Firebag 	Shale, olive-green, 	 55 
calcareous. Argillaceous 
limestone.  

	

Slave Point 	 limestone, locally silty 	2-6 
and/or dolomitic  

7 	Detailed Lithologies 

Drilling on the Mill Permits intersected unconsolidated overburden and three members of 
the Devonian Waterways Formation. From highest to lowest these are the Moberly, 
Christina and Calumet Members. The Moberly and Christina were intersected in all 
holes, but only those holes longer than 50 m intersected the full thickness of the Christina 
Member. Only the basal 30 m or less of the Moberly Member was intersected in these 
holes. A summary of the members intersected and their depths is listed in Table 3 below 
and a more detailed stratigraphic analysis of the lithologic data is present in Table 5 (in 
pocket) 



The subsurface distribution of the rock units recognized during this drilling program are 
illustrated in the geological cross sections A-B, C-D and E-F (Figures 3-6, in pocket). 

Table 3 
DRILL HOLE STRATIGRAPHY SUMMARY 

2004 Ft. McMurray Drilling Project 
Metallic and Industrial Minerals Permit # 9304030970 

Hole 	Overburden 	Moberly 	Christina 	Calumet 
Member 	Member 	Member 

FMM 04-01 0.0-5.7 m 	5.7-3 1.3 m (part) 31.3-49.4 m (part)  
-02 	0.0-5.7 m 	5.7-31.8 m (part 	31.8-58.6 m 	58.6-70.4 m (part) 
-03 	0.0-1.9 m 	1.9-28.0 m (part) 	28.0-49.4 m (part)  
-04 	0.0-4.1 m 	4.1-31.2m(part) 	31.2-57.0m 	57.0-79.4m(part) 
-05 	0.0-3.0 m 	3.0-30.8 m (part) 	30.8-49.4 m (part)  
-06 	0.0-13.3 m 	13.3-29.6 m (part) 29.6-55.6 m 	55.6-79.4 m (part) 
-07 	0.0-9.8 m 	9.8-35.6 m (part) 	35.6-49.4 m (part)  
-08 	0.0-11.7 m 	11.7-32.4 m (part) 32.4-49.4 m (part)  
-09 	0.0-6.9 m 	6.9-39.6 (part) 	39.6-49.4 m (part)  
-10 	0.0-13.3 	13.3-30.6 m (part) 30.6-56.9 m 	56.9-79.4 m (part) 
-11 	0.0-14.2 m 	14.2-33.6 m (part) 33.6-49.4 m(part)  
-12 	0.0-10.0 m 	10.0-36.1 m (part) 36.1-49.4 m (part)  
-13 	0.0-3.1 m 	3.1-29.2 m (part) 	29.2-55.3 m 	55.3-79.4 m (part) 
-14 	0.0-5.3 m 	5.3-33.7 m (part) 	33.7-49.4 m (part)  

7.1 	Moberly Member 

That part of the Moberly Member intersected in this drill program can be informally 
divided into five units, the uppermost of which was intersected in only one hole. The 
thickness and character of these units is outlined in Table 4 below: 

7. 1.1 Unit MV 

The rocks of Unit M V were intersected only in DDH FMIM 04-09 (6.85-11.28 m). This 
unit is composed of small (±1 cm), rounded nodules of argillaceous limemudstone 
floating in a matrix of calcareous shale to shale. The nodules have blurry, indefinate 
edges. The ratio of limemudstone nodules to shale is about 1:1. 

The contact with the underlying Unit IV is sharp. 

7.1.2 Unit MIV 

Unit M IV was intersected in all holes drilled in this program except FMTvI 04-06, -08, - 
10 and —11. The full thickness of this unit was only cut in FMIM 04-09 and possibly 
FMM 04-14. 



This Unit is composed of fining upwards cycles with bases of massive bioclastic 
packstone grading upwards to tops of nodular limemudstone. Three such cycles are 
recognized in FMM 04-09 and —14. The packstone cycle bases consist of large 

Table 4 
STRATIGRAPHY of the MOBERLY MEMBER 

Waterways Formation 
Metallic and Industrial Minerals Permit # 9304030970 

Unit Subunit 	Thickness 	 Description 
(m)  

M V 	4.4 (partial) Nodular calcareous shale 

M IV 	 4.1 	Massive to vaguely nodular limepackstone to 
Ii memudstone 

ii 	
1.7-2.4 	Interbedded nodular limemudstone-wackestone and 

M III  	calcareous shale 

	

5.3-5.7 	Shale and calcareous shale 
iii 	0.6-1.1 	Nodular limewackestone with argillaceous matrix
ii  

M II ________ 	
0.8-1.6 	Nodular limewackestone 

	

3.3-4.2 	Massive to vaguely nodular, fossiliferous 
limewackestone to packstone 

v 	1.1-1.8 	Nodular limemudstone 
iv 	2.3-3.0 	Nodular limemudstone with argillaceous zones 

MI 	
iii 	0.31-0.70 	Interbedded limemudstone and shale 

ii 	
4.7-5.2 	Nodular/bedded limemudstone with argillaceous 

interbeds 

	

1.1-1.7 	Nodular limemudstone 

brachiopod shells with lesser peloids and rare stromatoporoids in a sandy textured, finely 
bioclastic matrix. The nodular limemudstone cycle tops are bioclast-free and locally 
contain small amounts of interstitial argillaceous matrix. In general the nodules are small 
and well packed., 

Unit M IV is 4.11 m thick in hole FMM 04-09, the only hole in which its full thickness 
was intersected. Nearby hole FMM 04-14 intersected 3.4 m of Unit M IV. The remaining 
holes that intersected this unit have thicknesses of 1.4 to 2.9 m. 

The contact with underlying Unit M III ii is abrupt-gradational. 

7.1.3 Unit MIII 

Shale and calcareous shale dominate Unit M III. At the top of this interval there are some 
nodules and interbeds of limemudstone and packstone. 

7.1.3.1 Subunit MIII ii 



The uppermost subunit of Unit M III is composed of interbeds and broken interbeds 
(nodules) of argillaceous lime mudstone 3 mm to 3 cm thick interbedded with variously 
calcareous shale. This subunit is arranged in shaling downward cycles. Cycle tops are 
thin interciast-rich packstone. The subunit overall becomes increasingly argillaceous 
downwards. At the top of this subunit the rock is relatively non-argillaceous, with cream 
coloured crinoid ossicles are scattered throughout. 

This unit is a transition of sorts between the relatively non-argillaceous rocks above and 
the shale-dominated sequence below. Subunit M III ii is between 1.9 and 2.4 m thick and 
appears to thicken slightly to the north. The lower contact of this subunit with Subunit M 
iii i below is gradational to abrupt. 

7.1.3.2 Subunit M III i 

The most prominent subunit of Unit M III is composed of shale. This shale is variously 
calcareous with a general tendency to become less calcareous downwards. This subunit is 
composed of soft, fissle, thinly laminated, weakly calcareous shale with interbeds of 
calcareous shale and at top of argillaceous limemudstone. The relatively calcareous 
interbeds become less calcareous and less numerous downwards. The interbeds tend to be 
moderately thick (1-4 cm). They comprise ±60 % to this subunit at the top to 10% or less 
at the base. At the very top of this subunit the argillaceous limemudstone interbeds may 
be broken-nodular. At the very base of this interval about 30 cm of irregular 
limemudstone nodules are present, transitional to the underlying unit. 

Subunit M iii i is 5.3 to 5.9 m thick, and appears to thin slightly to the north. Only part of 
this subunit was intersected in DDH FMM 04-08, -10 and 11. The unit is not present in 
FMIM 04-06. 

7.1.4 Unit Mil 

This unit is composed of mostly non-argillaceous, interbedded nodular Iimemudstone to 
wackstone and abundantly bioclastic, fossiliferous, massive packstone. The central part 
of this unit contains abundant stromatoporoids of at least three types. The combination of 
the non-argillaceous character, overall fossiliferous nature and the presence of locally 
abundant stromatoporoids make Unit M II a marker horizon of regional significance 

Unit M II as constituted in this report is probably the equivalent of Norris's Units 35-39 
(Norris, 1963). 

7.1.4.1 Subunit M Ii iii 

Subunit M ii iii is a thin unit of nodular limewackestone with internodular argillaceous 
matrix. This matrix (calcareous shale) is not homogeneously distributed, and averages 
about 25% of the interval. The nodules are small to medium sized, irregularly elliptical 
and 0.5-3 cm in diameter. They are composed of limewackestone containing fine shell 
fragments, crinoid ossicles and other bioclasts. 



This subunit has an abrupt-gradational contact with the underlying subunit, defined by an 
decrease in argillaceous matrix content. Subunit II iii is between 0.6 and 0.8 m thick. 

7.1.4.2 Subunit Mliii 

This subunit is similar to that above (M II iii), the main difference is that this subunit 
contains significantly less argillaceous matrix to the limewackestone nodules. Also this 
subunit contains a greater quantity of bioclasts of similar character. Locally the rock is 
packstone. Subunit M II ii is nodular throughout, typically coloured light brown. Its 
contact with the underlying subunit M ii i is sharp. 

Subunit M 11 ii is 0.8 to 1.6 in thick 

7.1.4.3 Subunit M Iii 

Subunit M Iii is generally massive in drill core and in outcrop. This subunit contains 
three zones, an upper zone rich in stromatoporoids, a central nodular zone which is 
relatively fossil-poor and a lower massive zone. 

The upper zone contains stromatoporoids of at least three morphological types 
1. "Finger" stromatoporoids. They are present as 3-6 mm diameter short, 

crooked tubes lying parallel to bedding. 
2. "Cabbage" stromatoporoids, these are roughly triangular-shaped, thinly 

layered fossils about 1-2 cm tall, normally in growth position. 
3. "Mat" stromatoporoids. These are the largest of the three types. These consist 

of layered to massive fossils up to 4 cm thick lying parallel to bedding. 

These stromatoporoids "float" in a matrix of fine, mostly indeterminate, bioclasts with 
minor limemud (packstone). 

The central zone is strongly nodular limemudstone to wackestone, much less fossiliferous 
than above or below. The matrix to the nodules is neither abundant nor generally 
argillaceous, the nodules often interlock stylolytically. Overall this central zone 
resembles Subunit M II ii. 

The lower zone consists of fine carbonate sand containing fine shell fragments and a few 
stromatoporoids of different type than those found in the upper zone. This lower zone 
also contains relatively more lime mud. 

Subunit M Iii is 3.5 to 4.2 m thick and appears to thicken slightly from south to north. 

The lower contact of Unit M II with underlying Unit M I is sharp, probably a mini-
unconformity. The contact is often marked, especially in the central and northern parts of 
the property, by a thin (few cm) layer of dark grey interbedded limemudstone and shale. 
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7.1.5 Unit Mi 

Unit I is characterized by coarsely nodular to bedded, unfossiliferous Iimemudstone with 
thin interbeds/nodule matrix of calcareous shale. At the very top and bottom the nodule 
matrix is much less argillaceous. 

Unit M I is probably the equivalent of Norris's units 28-34 (Noris 1963). This Unit is 
10.6 to 11.1 mthick on this property 

7.1.5.1 Subunit M I v 

This subunit is usually light brownish-grey and is composed of nodular limemudstone. 
The nodules are about 0.5-1.5 cm thick and may be vaguely bedded. Interstitial matrix 
averages about 10% and is moderately argillaceous limemudstone. The limemudstone 
nodules themselves are non-argillaceous 

Subunit M I v is 1.2 to 1.9 m thick. Its lower contact with underlying subunit M liv is 
gradational. 

7.1.5.2 Subunit Mliv 

This subunit is similar to the one above except the limernudstone nodules are larger and 
the matrix is more abundant and more argillaceous. In this subunit the nodules are up to 6 
cm thick and are often subparallel to bedding. They are composed of vaguely mottled 
unfossiliferous liineinudstone. The surrounding calcareous shale matrix is often in cross 
cutting, thin, irregular zones up to 1 cm thick. 

Subunit liv is 2.3 to 3.0 111 thick with a slight trend of thinning to the north. It has an 
abruptly interbedded/gradational contact with underlying subunit liii. 

7.1.5.3 Subunit Mliii 

This horizon is thin, but distinctive and was found in all holes drilled during the present 
program. Subunit liii is composed of interbedded limemudstone and shale. The 
limemudstone beds are about 5 mm thick and decrease in abundance downwards. The 
shale is soft, fissle and only slightly calcareous. The thin limemudstone interbeds are 
often broken up, but not nodular. 

Subunit M I iii is 0.3 to 0.6 m thick and appears to thicken irregularly to the north. The 
contact with underlying subunit i ii is sharp. 

7.1.5.4 Subunit Mlii 

Subunit M Iii is very similar lithologically and texturally to subunit liv. Again it consists 
of clean, slightly mottled, nonfossiliferous limemudstone beds separated by horizons of 
darker brown calcareous shale. Texturally the rock is nodular to bedded, in general better 
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bedded than subunit M I iv. The bedding is somewhat coarser in this subunit, with 
individual limemudstone beds up to 10 cm thick. Even where this subunit is relatively 
well bedded, the bedding planes are wavy to irregular. This subunit is quite homogeneous 
overall. 

Subunit M Iii is between 4.5 and 5.2 and tends to thin to the north. The lower contact 
with subunit i i is abruptly gradational. 

7.1.5.5 Subunit MI i 

The lowest subunit of the Moberly member is composed of nodular, unfossiliferous 
limemudstone. In sharp contrast to the overlying subunit M i ii this subunit is completely 
unbedded. The limemudstone nodules are surrounded small amounts (about 10%) of 
weakly argillaceous limemudstone matrix. These nodules are spherical to elongate, 
irregular to ameboid, small and closely packed 

The lower half of this subunit typically contains two mini-unconformity surfaces. These 
are recognized by the presence of slightly blue-tinged nodules below the surface. These 
nodules are infilled with bioclast-rich wackestone or packstone. 

Subunit Ml i is between 1.1 and 1 7 m thick and appears to thicken to the north 

7.2 Christina Member 

The Christina Member was intersected in all of the holes drilled during the current 
program however only five holes (FMM 04-02, -04, -06,-10 and —13) cut its entire 
thickness, 25.8 to 26.3 m thick. 

This member can be divided into two subunits, an upper one which consists of six 
packstone to interbedded argillaceous Ii memudstone-calcareous shale to calcareous shale 
cycles and a lower one of monotonous, thinly laminated calcareous shale 

7.2. 1 Upper Subunit 

The upper subunit has an abrupt upper contact with the overlying Moberly Member 
nodular limemudstone. The contact is typically a mini-unconformity surface. The 
Chrisitina Member is markedly grayer, darker and more argillaceous than the Moberly 
Member. 

The uppermost Christina Member is a short (about 1.4 m) sequence of nodular to bedded 
limemudstone and shale. This gives way below to six shaling downward cycles. Each 
cycle has a thin ( 5 to 50 cm) top of bioclastic packstone, often with large limemudstone 
interciasts at their base. Below this is a zone of thinly interbedded limemudstone and 
calcareous shale. The limemudstone interbeds are typically about 1 cm thick and are 
irregular at top. Downwards in each cycle the proportion of calcareous shale increases 
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and the bedding becomes more planar. At the base of each cycle the rock is about 75% 
calcareous shale 

These cycles are between 0.4 and 3.5 m thick. The uppermost two or three cycles are 
sometimes difficult to separate. The stratigraphi call y lowest cycle is thicker (about 4.3 m) 
and grades into the lower subunit of the Christina Member. The upper subunit is between 
13.8 and 14.0 m thick 

7.2.2 Lower Subunit 

The Lower Subunit is composed of a monotonous sequence of thinly laminated 
calcareous shale. This thin lamination is not obvious in core and this unit can look 
massive. The calcareous shale contains occasional thin interbeds of argillaceous 
Iimemudstone, most abundant near the gradational contact with the overlying Upper 
subunit. The Lower Subunit is unfossiliferous. 

This Lower Subunit is between 11.9 and 12.4 m thick. The contact with the underlying 
Calumet Member is sharp, often marked by a few limemudstone nodules appearing in the 
calcareous shale. 

7.3 Calumet Member 

The Calumet Member was only intersected in the five holes that cut the full thickness of 
the overlying Christina Member. These holes cut 11.8 to 24.1 m of the Calumet Member. 

The upper part of the Calumet Member consists of two cycles, the upper is about 5.4 m 
thick and the underlying one about 13.7 m thick. The tops of both cycles are composed of 
nodular limemudstone to wackestone. The nodules are small to medium sized (0.5 to 7 
cm), highly irregularly shaped and well packed. The sparce interstitial matrix is not very 
argillaceous, and possibly silty locally. Fossils include crinoid ossicles and small shell 
fragments. 

These nodular cycle tops grade downwards to swirly textured argillaceous limemudstone 
containing distinctive large brachiopod shells both articulated and disarticulated. Often 
contains patches of vague, indistinct limemudstone nodules. 

In four of the five holes the very base of the Calumet Member intersected was composed 
of a series of short cycles. Cycle tops are nodular limemudstone as described above, 
generally relatively matrix-rich. Cycle bases are massive to poorly bedded argillaceous 
limemudstone, often with fossil debris-rich (shells-crinoids) patches and streaks. No 
articulated brachiopods. 
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8 Interpretation of the Drilling Results. 

The drilling program has established a detailed stratigraphy of the lower part of the 
Moberly Member, the Christina Member and the upper part of the Calumet Member. 
Units as thin as 0.30 m could be correlated from one end of the property to the other a 
distance of 7.5 km. The defined stratigraphic Units and interpreted correlations are set out 
in Table 5. 

The units of interest are Moberly member Units II and IV. These contain significant 
thicknesses of relatively clean (non-argillaceous) limestone of potential high quality. 
Both of these units have been correlated over the entire permit, although Unit IV has been 
partially eroded and in some areas it has been completely removed. Throughout most of 
the permit it forms the bedrock surface. 

The major unit of potential high quality limestone is Unit Iii. It and surrounding units I v 
and II ii form a package about 6+ meters thick of potential high quality limestone. Further 
testing of samples from this interval will be required to determine the physical and 
chemical suitability of this interval 

9 Conclusions 

The 2004 drilling program established the detailed stratigraphy underlying Metallic and 
Industrial Minerals Permit # 9304030970 as well as the thickness of overburden. Two 
units of potentially suitable high quality limestone were recognized in the Moberly 
Member, both of which require further testing. 

The rocks of the Christina Member are too deep and too argillaceous in composition to be 
of any further interest in term of high quality limestone. 

No obvious horizons of interest were recognized within the part of the Calumet Member 
that was intersected. 
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Appendix 1 

QUALIFICATIONS 



I, Alexander Walter Knox Hereby certify that: 

(1) I am the author of this report "DIAMOND DRILL PROGRAM on the MILL 
PERMIT at FORT McMURRAY" 

(2) I am an independent consulting mineral exploration geologist and not an employee of 
Graymont Western Canada inc. 

(3) I hold B.Sc. (1977) and M.Sc (1980). degrees in Geology from the University of 
Calgary 

(4) I have been a member in good standing of APEGGA (Association of Professional 
Engineers, Geologists and Geophysists of Alberta since 1990 and that I am also a 
fellow of the Geological Association of Canada. 

(5) I have practised as a geologist since 1979, almost exclusively in the field of mineral 
exploration. I have been actively engaged in exploration for and development of 
limestone deposits and quarries since 1994 

(6)1 personally supervised the drilling program documented in this report, and personally 
examined all core samples taken 

Dated at Calgary Alberta, on this iOth  day of December, 2004 



Appendix 2 

COST STATEMENT 



42 nights @ $100.80 
42 days @ $27.36 
3 nights 
3.5 days 

45 days @ $52 

2 return flights 
3.1 days 

$30,050 

4233 
1149 

809.36 
221.24 $6,413 

2338 
375 
822 

347.58 

	

34.03 	$3,917 

2722 ft @ $43.47 	118325 

	

1488 	1488 	$119,813 

2722 ft  (0, $1.75 	4763.5 
3 wks . $200 	600 	$5,364 

14 drill holes 	1626 	$1,626 

	

1I days :$385 	4235 

	

$720 +$675 	1395 	$5,630 

cell phone 	 494 	S494 
cell phone 	 220 	S220 

ITEMIZED COST STATEMENT FOR MILL PERMIT DRILLING - 2004 

1) Personnel 
prep, core logging, supervision Sept 1 - Oct 31 

data compilation, report writing Nov 9 - Dec 10 

spotting sites, organizing project Aug 31 - Sep 3 

2) Food & Accommodation Quality Inn: Knox room & phone Sep 20 - Oct 31 
meals Sep 20 - Oct 31 

Sawndge Inn; Gidluck & Knox 	Aug 31 - Sep 2 
meals Aug 31 - Sep 2 

3) Transportation 
	Driving Force; 4 X 4 rental 	Sep 17 - Oct 31 

fuel 
Westjet; Cal-Ft Mc Gidluck & Knox Aug 31 - Sep 3 
Budget; 4 X 4 rental 	 Aug 31 - Sep 3 

fuel 
4) Diamond Drilling 
	Canadian Mine Services 	Sep 25 - Oct 28 

2722 ft drilling, casing, water lines 
Water hauling 	 9,25,26-Oct 

5) Core Preparation 
	NTS, Ft McMurray 

Sawing, sampling, bagging 	Sep 26 - Oct 31 
Room rental 

6) Surveying 
	 Athabascan Resource Company 	Nov 6 & 7 

7) Report 
	

Dahrouge Geological Consulting 
sections & map preparation 

prints of sections & maps 

8) Other 
	 Communications 	 Sep 20 - Oct 31 

Nov 1- Nov 16 

TOTAL 
	

$173,526 

I, Alex Walter Knox, hereby certify that the costs outlined above were expended for the 
assessment of Metallic and Industrial Minerals permit # 9304030970. 

Alex W. OF4c., P. MGe o  

MOHAMMED ABDUL HAND 
A Commissioner for Oaths in and 

for the Province of Alberta 
My Commission Expires October29, 

..................................... 

Commissioner for Oaths 
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Appendix 3 

DRILL LOGS 

( 

0 



0 
DIAMOND DRILL LOG 
	

Page 1 of 3 

Company: GRAYMONT WESTERN CANADA INC. 
Project: Ft. McMurray Mill Permits 

Dip Tests 	 Claim: 	Mill Permit 	Co-ordinates 
)epth Angle 	 Bearing: 	none 	Easting (m): 
0.00 -90 	Inclination: 	900 	Northing (m): 

- 	- 	 Province: 	Alberta 	Elevation (m): 
From 	To 	Tkns 

Description 

NAD 83) 	Date Started: 
473707.7 Date Finished: 

6294259.9 Date Logged: 
253.0 	Loaed By: 

t. 25/04 
t. 27/04 
27-28/04 

Hole No: 
Section: 

Core Size: 
Total Depth: 

FMMO4-01 

NQ 
49.40 m 

5.65 	7.251 1.60 Brachiopod Llmewackestone-Packstone: Lt brown. Common thin brachiopod shells 
(1 cm long), occasional small brachs and other cg bioclastic debris. Below 6.54 colour darkens 

'to med. grey) and the rock acquires a vaguely nodular texture, accompanied by a decreasing 

bioclastic component Lower contact gradational 

7.25 	9.19 1.94 Interclast.Crinoid Argillaceous Llmepackstone: Med. brownish grey. Consists of 
small to med.-sized, elliptical, rounded, dk. interclasts (2 mm-1 cm) mixed with small, cream 
crinoid ossicles in an argillaceous lime mud matrix. 

Lt brown, nodular limemudstone (non argill.) 7.93-8.20, 8.67-9.04. Contacts abrupt-gradational 

Fining upward cycles: 7.25-7.93, 8.20-5.67, 9.04-9.19. 

919 	15.14 5.95 Mod. Bedded, Calcareous Shale-Mudstone: Med. Brownish grey. The top and base 

- are nodular (limemudstone nodules in shaly matrix). Most of the unit is featureless except for 

bedding, defined by mm to Cm laminae which are less calcareous. No bioclasts/fossils. 
Nodular. 9.19---11.0, 14.82-15.40 

15.14 	16.18 1.04 Nodular, Argillaceous Llmewackestone: Med. to dk. brown. The limewackestone is the 
nodules, which are irregular and typically 1-2 cm thick. Scattered crinoid ossicles in "matrix', 

- especially in upper half. The matrix, which decreases irregularly in abundance downwards, is 

darker coloured and much more argillaceous. 30% matrix at top to 15% matrix at base. This 
unit is a transition between those above and below. 

16.18 	20.50 4.32 Massive-Nodular. Fossiliferous Limewackestone.packstone: Lt. brown. Nodular 
- texture present throughout although the texture is "compressed', the nodules interlock with 

 almost no matrix. Lower contact sharp, upper gradational. 

SI. Argillaceous: 16.18-16.75,19.36-19.51, 19.95-20.00. 

Massive (no _nodular): 16.75-17.00, 17.75-18.05, 19.05-19.28, 19.62-19.95,20.00-20.50. Latter 

- contains common small stromatoporoids and a gastropod. 

Mod fossiliferous: 16.75-16.86 (interclasts, shell frags.), 17.82-18.01 (stromatoporoids), 

20.50 	24.72 4.22 Coarsely Nodular Limemudatone with Argillaceous Partings: Lt brownish grey. 

The nodules interlock with little matrix, which is med. brown and argillaceous. The nodules are 

- large (2-3 cm) and are flattened in the plane of bedding. The among of dk argillaceous matrix  
increases downwards (10% top to 25% base). No fossils at all. 

2472 	25.12 0.40 Shale-Mudatone with Thin Umemudstone Nodules: Med. grey. Shale well bedded, 
only slightly calcareous. 30% thin (5 mm), highly flattened argillaceous limemudstone nodules/ 

beds which decrease in abundance downwards. 

25.12 	30.06 4.94 Coarsely Nodular Llmemudstone with Argillaceous Partings: Very similar to 20.50- 

52 

Av. 

53 

54 

55 

56 

60 	17.751 19.05 

61 	19.05 	20.50 
Av. 	16,18 20.50 
Av. 	15.15 20.50 

62 	20.5 	21.87 

Av. 	15.15 	21.87 

63 	21.87 1 2310 

64 	23.101 24.04 	0. 
65 	24.041 24.72 	0. 

66 	24.72 	25.12 	0. 

67 	25.12 	26.26 	1. 
68 	26.26 	28.401 	2. 
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DIAMOND DRILL LOG 

Company: GRAYMONT WESTERN CANADA INC. 
Project: Ft. McMurray MIII Permits  

Dip Tests 	 Claim: Ft. McM M 	Co-ordinates (UTM, NAD 83) 	Date Started: 	Sept 29104 
Depth Angle 	Bearing: 	none 	Easting (m): 	 474360.1 Date Finished: 	Sept 30104 
00 -900 	Inclination: 	-900 	Northing (m): 	 6294244.1 	Date Logged: 	Oct. 1104 
- - - Province: 	Alberta 	Elevation (m): 	 247.6 	LodBY: A. W. Knox 
rom 	To Tkns 	

Description 

	

Sample 	From 	To Length 
(m) 	(m) 	(m) 	# 	(m) 	(m) 	(m) 

	

0.00 	1.85 1.85 Overburden. 

	

1.85 	3.88 2.03 Massive Limepackstone: Lt. grayish brown. Fine bioclasts in a lime mud matrix. Some 	 8628 	1.85 	3.88 	2.03 

Page 1 of 3 

	

Hole No: 	FMM 04-03 
Section: 

	

Core Size: 	 NQ 

	

Total Depth: 	49.4m 

3.88 

13.78 

17.12 

17.121 21.271 4. 

larger thin shell fragments and med. sized stromatoporoids. Unbedded. Rather homogeneous. 

Lower contact sharp. 

Fragmented Argillaceous Limemudstone and Shale: Med. To dk. grey. Broken 

fragments of thinly bedded argillaceous limemudstone in a muddy (shale) matrix. Some thin 

(about 1 cm thick) interbedded horizons of 1g. packstone. Lower contact abrupt. 

Bioclastic horizons: 3.944.07 (little beds of interclast-rich Iimepackstone),4.50-4.75 (interclast-

shell-crinoid limepackstone), 5.08-5.21 (disseminated cream crinoid ossicles in an argillaceous 
interclast-rich horizon). 

Interbedded Argillaceous Llmemudstone and Shale: Dk. brownish grey. Well bedded 
(wavy). Bedding thickness is 1-3 cm for argillaceous lime mudstooe, less for shale. 60:40 argil-
laceous limemudstone:shale. Lower contact gradational. 

Shale with Interbedded Argillaceous Llmemudstone: Med. brownish grey. Quite 

lissle/bedded. Homogeneous. Soft, not well lithified.. Lower contact abrupt-gradational. 

Nodular, Argillaceous, Shell Limewackestone: Med. grey-brown. Nodules are small, 1- 

2 cm thick, often rather spherical and well-packed. Matrix between nodules is dk. brown and 

more argillaceous. The wackestone is rich in fine shell fragments and crinoid ossicies. The 

argillaceous matrix is also rich in fine bioclasts. This interval is a transition zone between the 

shales above and the limestone below. In one etched sample fine pyrite aggregates were 
common. 

Nodular Shell Limewackestone: U. grey-brown. Like the interval above except here there is 

much less argillaceous matrix between the limewackestone nodules. Locally massive (nodules 

well-packed). As above the rock contains abundant fine shell fragments with lesser crinoid 

ossicles. May be packstone locally. Lower contact abrupt. What matrix there is is less argill-

aceous than above. 

Matrix-rich: 12.27-12.35 12.54-12.74, 12.9-12.99, 13.07-13.25, 13.70-13.78. 

Massive Limewackestone to Packstone: U. brown. Varies from completely massive 

and bioclast-rich to packed-nodular texture rich on shell fragments (as above). Commonest 

fossils are stromatoporoids and crinoid ossicles. May be boundstone locally. 

Massive, stromatoporoid-rich zones: 13.78-13.93,15.67-15.93,16.22-16.56,16.82-17.12. These 

zones have sharp tops and appear to be cycle tops, grading downwards to shell-rich limewacke-

stone. Argillaceous zone: 16.57-16.61. Abundant fine partings, 16.80(2cm of same). 

Coarse, Nodular Llmemudstone with Argillaceous Matrix: Lt. grey-brown. The lime-

mudstone is quite clean with some small shell fragments.. Nodules are relatively large (up to 4 

29 
	

4.441 	0.56 

30 
	

4.751 	0.31 
31 
	

5.56 	0.81 

32 

33 

34 
	

12.27 

35 	12.27 1 13.15 

36 	13.151 13.78 

37 	1 13.781 14.931 	1.1 
38 	1 14.931 16.211 	1.2 
39 	1 16.211 	17.121 	D.c 

40 	1 	17.121 	18.411 	1.: 
AV. 1 12.271 18.411 	6. 

41 	1 	18.411 	19.921 	1.! 
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ns 	
Description 
	 To 

# 	m 
- and granular.. Pyrite found in rock as local bedding parallel zones 1 cm thick (40% py.) Overall 

	
42 	19.92 

- about 25% argillaceous matrix. Below 19.92 the matrix zones are most often bedding parallel 

- Above this they are not unlike breccia infilling. 

Interclast grainstone: 21.23-21.27. 

.48 Interbedded Llmemudstone and Shale: Limemudstone interbeds about 5 mm thick, 

- decrease in abundance downwards. 60% at top to none below 21.61. 

.14 Very Coarsely Nodular Llmemudstone with Argillaceous Matrix: U. grey. The lime- 

- mudstone is clean, relatively fossil-poor without internal bedding. The interstitial matrix is dk. 

- brown and granular, typically 0.5-1 cm thick zones sub-parallel with bedding. This interval resem- 

bles 17.12.21.27 except for less matrix here and the matrix here is more bedding parallel. Quite 

- homogeneous overall. 

.14 Nodular Llmemudstone: U. grey. Nodules irregular and highly packed. Matrix less argill-

- aceous and less abundant than above. 

Minor unconformity surface 27.10. Below limestone has bluish tinge and between nodules 
s fg packstone. 

- The base of this interval Is the contact between the Moberly Member 

above and the Christina Member below. 

.32 Nodular, Argillaceous Llmemudstone: Med. To dk. grey. The limemudstone is argil- 

- aceous and the matrix is much more shaiey than above. Occasional zones of crinoid ossicles 

- Originally bedded now disrupted by compaction. Nodules flat, irregular, generally bedding parallel 

- Both contacts sharp. Upper contact minor unconformity (bluish stained with packstone infilling 
- between nodules). 

.84 Interbedded Argillaceous Llmemudstone and Mg Packstone: Med. brownish grey. 

- The packstone is composed of shells, crinoid ossicles and small pelecypods, with many dissem- 

inated pyrite clots. . Some interbedded shale. Med. bedded. One large (4 cm thick) stromatop- 
oroid at base. 

- Rich in calcareous shale: 29.87-30.02. 

.57 Well Bedded Calcareous Shale and Argillaceous Llmemudstone: Med. and dk. 

- grey. The limemudstone is med. grey, the shale is darker. Bedding surfaces planar to wavy. Lime- 	8701 	30.19 

- mudstone beds 1-2 cm thick. Interval arranged in cycles, with thin packstone tops and a down- 	 2 	32.45 

ward increase in calcareous shale content. Cycle bases are 80+% calcareous shale (thinly 
	

3 	34.39 
- laminated). 	 4 	35.86 
- Cycles: 30.19-32.45,-34.39,-35.17,-37.76. 

- Bioclastic horizons: 32.45-32.54 (Ig packstone), 34.39-34.49 (packstone with med. interclasts) 

- 35.17-35.21 (interclast packstone). 

47 Nodular Llmemudstone to Bedded Argillaceous Llmemudstone-Calcareous 

- Shale: This is the top of a longer cycle like those above. At the top is bedded-nodular lime. 

- mudstone with argillaceous partings/matrix. Below 39.3 the rock is bedded, about 50:50 limemud-

stone and calcareous shale. By the base of this interval calcareous shale about 70%. Swirly oack- 

Pro 
rom 	To 

m m 

21.75 

26.89 

28.03 

49 	I 28.03 

8650 

5 

6 
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HOLE No. 	I FMMO4-03 

43 	21.271 21.75 	0. 

44 	21.75 22.80 	1. 

45 	22.80 24.69 	1. 
46 	24.69 25.77 	1. 

47 	25.77 26.89 	1. 

48 	26.89 	28.03 	1. 
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ns 
Description 

- small interclasts and crinoid ossicles. The top of the bedded section (39.3-39.9) 
- contains abundant small white ostracods(?). 
- Nodular texture: 37.97-39.30, 40.01-40.49 (sharp top, mini-cycle top). 

.17 Massive Calcareous Shale: Med. grey. Massive in overall aspect, but thinly laminated 
- throughout. Some argillaceous limemudstone in upper metre. Very homogeneous. 

Core Recovery 
- 	 All intervals 100% except as noted: 
- 4.4 to 7.4 0.85 m lost (below 4.75) 

17.4 to 10.4 0.09 m lost (7) 

#lm 

	

t2.231 43.921 	1 

	

43.921 46.821 	2 

	

46.821 49.41 	2 
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Company: GRA YMONT WESTERN CANADA INC. 
Project: Ft. McMurray MIII Permits  	Hole No: 	FMM 04-04 

	

_pp Tests 	 Claim: Ft. McM M Co-ordinates (UTM, NAD 83) 	Date Started: 	Oct. 1104 	 Section:  

	

Depth Angle 	 Bearing: 	none 	Easting (m): 	474582.9 Date Finished: 	Oct. 2104 	Core Size: 	 NQ 

	

0 -90.0 	Inclination: 	-90.00 	Northing (m): 	6294872.7 Date Logged: 	Oct. 2-4104 	Total Depth: 	79.4 m 

	

- 	- Province: Alberta Elevation (m): 	245.9 	Loqqe 	A. W. Knox - - 	 - 	- 

	

From 	To 	Tkns 	
Description 	 Sample From 	To Length  

- 	 -  

	

(m) 	(m) I (m) 	#  

	

0.00 	4.101 4.10 Overburden 	 - 

	

4.10 	6.87 2.77 Massive to Vaguely Nodular Limewackestone.Packstone: Lt. grey-brown. ......... .............. 
8710 	4.10 	4.64 	0.54 

Fine bioclasts, mostly indeterminate; some brachiopod shells, crinoid ossicles, interclasts 	11 	4.64 	6.87 	2.23 
Interval often has swirled-nodular texture-dewatenng? Lower contact sharp, colour 
change.  

Core sI. rubbly, weathered 4.1-5.1. SI. discoloured to 6 15. 

Matrix to nodules SI. argillaceous below 5.90. 

	

6.87 	8.81 1.94 Nodular, Argillaceous Llmemudstone and Shale: Dk. brownish grey. Interval 	 12 	6.87 7.38 	0.51.  
composed of nodules (broken interbeds) of dk argillaceous limemudstone in a soft 	 13 	7.38 	7.73 	0.35 
shale-mudstone matrix. The limemudstone nodules are 3 m to 3 c thick and mostly 	 14 	7.73 	8.81 	1.08 
bedding parallel. Overall limemudstone: shale 70:30. 

Non-argillaceous limewackestone: 7.37-7.74 Nodular at top, massive below. 
Abundant disseminated crinoid ossicles: 8.75-8.81 

	

8.81 	11.01 2.20 Interbedded Argillaceous Llmemudstone and Shale Med. to dk. grey. Well bed- 	 15 	8.81 11.01 	2.20 
ded. Limemudstone beds SI. lighter coloured and SI. broken in upper 50 cm. Proportion of  

shale increases downwards. Limemudstone beds 1-8 cm thick. 70% limemudstone at top.  
about 40% at base. No fossils, pretty homogeneous.  

	

11.01 	14.50 3.49 Shale with Interbedded Argillaceous Llmemudstone: Dk. grey-brown. Continu- 	 16 	11.01 14.50 	3.49 
- ation of interval above with much less interbedded argillaceous limemudstone. Very well   

bedded. Limemudstone 30% at top to 10% at base. Lower contact sharp. Lowest 26 cm  
contains limemudstone interbeds, transitional to below. 

	

14.50 	15.26 0.76 Nodular Argillaceous Llmemudstone: Med. and dk. brown. Irregular nodules of 	 17 	14.50 15.26 	0.76 	 . 
limemudstone 2 mm-3 cm, general rounded, in an argillaceous matrix. Limemudstone 

relatively clean with some shell fragments and crinoid ossicles. Crinoid ossicles also  
common in the argillaceous matrix. About 25% matrix overall. Lower contact gradational.  

	

15.26 	16.56 1.30 Nodular Limewackestone: Med. brown. Limewackestone contains abundant small, 	 18 	15.26 16.56 	1.30 
fine shell fragments. Packstone locally. Some small bryozoans and crinoid ossicles. 

Similar to interval above with much less argillaceous matrix and any more bioclasts. 
Lower contact gradational.  

	

16.56 	20.06 3.50 Massive, Fossiliferous Limewacicestone to Packstone: Lt.-med. brown 	 19 	16.56 17.66 	1.10 
- Most prominent fossils are stromatoporoids Shell fragments are relatively rare. Zones 	 20 	17.66_94 	L .__ .- 

rich in small solitary corals. Much of this unit is probably boundstone. Lower contact 	 21 	19.04 20.06 	1.02 
abrupt-gradational. 	 _______ 	- 	- 	- 

"Finger" stromatoporoid-nch: 16.94-17.65 

Vaguely nodular; 17.90-18.68. 

Argillaceous: 19.1-19.14. 30% partings, 19.61-19.65 

	

20.06 	25.34 	NnthiIr Umømndtnn with A,nIiI 	M+.I-., I t ,.,,. Th. I...,, 	 ')') 	 ')•I fl 



m 
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ect: Ft. McMurray M ill Permits  	 HOLE No. FMM 04-04 

Tkns Sample From 	To Length 
Description 

••Q ___________________________________________ #  

Av. 	15.26 21.2 	5.94  
is clean and relatively bioclast-free.. The argillaceous matrix is dk. brown. Nodules are 	 23 	21.20 21.97 	0.77 
sub-angular and fragment-like. The matrix is not all that abundant and looks like breccia 	 24 	21.97 22.92 	0.95 
matrix. From top to 21.57 interval is low in matrix abundance which is usually in bedding 	 25 	22.92 24.31 	1.39 
parallel horizons. Lower contact gradational.   

0.36 Interbedded Limemudstone and Shale: Proportion of shale increases downwards. 	 26 	24.31 24.67 	0.36 
Med. brown. Limemudstone bedsl -2 cm thick. Overall about 50:50. Lower contact sharp.  

5.06 Coarsely Nodular Limemudstone with Argillaceous Matrix: Lt. brown. The 	 27 	24.67 25.20 	0.53 
memudstone is clean without internal bedding; fossil-poor. The nodules are more like 	 281 25.20 26.13 	0.93 

irregular beds 3-5 cm thick, separated by dk. brown, granular, argillaceous matrix, 2-10 mm 	29 	26.13 28.11 	1.98 
hick, sub-parallel to bedding. About 15-20% matrix. Interval rather homogeneous. Lower 	30 	28.11 29.73 	1.62.  

contact gradational  

Thin bedded: 24.67-25.21. 

1.44 Nodular Llmemudstone: Lt. brown. Much less matrix than above: nodules well packed 	 31 	29.73 31.17 	1.44 
Nodules also smaller here and more irregular, not bedded at all. 

Minor unconformity surface: 30.08. Limemudstone bluish for 12 cm below and nodules 
nfilled with packstone.  

The base of this interval is the contact between theMoberly Member  
above and the Christina Member below. 

1.34 Nodular to Bedded Argillaceous Limemudstone: Dk. brown. At top rock is 	 32 31.17 32.51 1.34. 
nodular with about 50% dk. brown, argillaceous matrix. Below 31.67 the rock is irregula 	 ______ _______ 
bedded with limemudstone beds 1-2 cm thick alternating with lesser, dk. argillaceous   
Iirnemudstone. Occasional thin beds of true shale 0.5-1 cm thick 

.36 

:ckstone to Calcareous Shale Cycle: Med. grey-brown. Interval starts with 

ckstone (shell-interclast- crinoid) with thin shale interbeds and grades downwards to 

dded-nodular interbedded argillaceous limemudstone and calcareous shale., then to 

Icareous shale with almost no limemudstone. Packstone 32.51-32.63, interbedded to 

.82, calcareous shale to base. Seemingly random thin interbeds of true shale. 

ickstone to Calcareous Shale Cycle: As above but calcareous shale at base 

orly developed. The bedded-nodular section in the middle is richer in argillaceous lim 

Jdstone than above. Packstone 35.50-35.60, bedded-nodular -36.95, calcareous shal 

base. 

34 

35 

71 3.34 IPackstoneto 
	

ich in small strom- 
	

3736 3890 	154 
horizons at the too of the 

	
38.901 40.70 	1.80 

zone: 37.62-37.66. 37.84-37.88. 

29.73 

31.17 
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Description 	
Sample From I To Length  

M •Q 	# mm m __ 
44.30 3.60 Packstone to Nodular-Bedded Llmemudstone-Calcareous Shale Cycle: 	 38 	40.701 42.04 	1.34 

Med. To dk. brown. Longer cycle like those above. Calcareous shale at base is extremely 	39 	42.04 44.50 	2.46 
thick (interval below). Packstone rich in brachiopod shells and crinoid ossicles, directly   
overlies minor unconformity surface. Packstone 40.70-40.90. Blue-tinged nodular lime- 

_______ 	mudstone 41.05, nodular -42.43, bedded to base. 

P 	3of4 

HOLE No. FMM 04-04 

56.96 12.66 Massive Calcareous Shale: Med. grey-brown. Very argillaceous but still fizzes in 	 40 	44.30 46.40 	2.10. . 
muriatic acid. Occasional cm interbeds of less argillaceous rock. Etching does not 	 41 	46.40 49.40 	3.00 
reveal any fine structures. Rare true shale beds 3-4 mm thick. Very homogeneous. 	 42 	49.40 52.40 	3.00 
Limemudstone nodules: 56.80-56.96 	 43 	52.40 54.98 	2.58 
The base of this Interval is the contact between the Christina Member 	 44 	54.98 56.96 	1.98 
above and the Calumet Member below. 

58.98 2.02 Massive to Packed-Nodular Limewackestone: Lt-med. brown. Upper contact 	 45 	56.96 58.98 	2.02 
sharp, lower gradational. Limewackestone is massive at top, grades downwards to ill- 

 

defined, highly packed, irregular nodules. Matrix is not abundant and not very argillaceous.  
Composed of abundant small shell fragments floating in swirly limemudstone. Possibly  
silty (etching). Cycle continues with interval below  

62.58 3.60 Swirly, Argillaceous Brachiopod Limemudstone: Med.-dk. brown. Rock is 	 46 	58.98 6055 	1.57.  
unbedded, locally nodular. Common crinoid ossicles and large articulated and nonartic- 	47 	60.55161.40 	0.85. 
ulated brachiopod shells in a swirly, weakly argillaceous matrix. Lower contact sharp. T 	48 	61.40 61.89 	0.49 
is the lower half of a cycle which started with the interval above. 	 49 	61.89 62.58 	0.69 
Vaguely nodular: 5913-59.28, 59.73-60.52, 6188-62.22. These zones are also SI. less    
laceous than the rest of this interval. 

68.28 570 Nodular Limemudstone: Lt. brown. Nodules typically elliptical, tightly packed. Almost 	50 	62.58 6477 	2. 
no matrix except locally. Limemudstone contains sparce, scattered bioclasts. It is intern 	51 	64.771 65.39 	0.6 
ally massive and non-argillaceous. Nodules 5 mm to 7 cm thick. Lower contact grad- 	52 	65.39 67.40 	2.01.  
ational. 	 53 	67.40 68.27 	0.87 
SI. argillaceous: 63.68-63.84, 64.84-65.23. These define the bases of mini-cycles. The   
intervals are more fossiliferous and are like the interval above (58.98-62.58).  

75.70 7.42 SI. Argillaceous, Locally Nodular, Swirly Limemudstone: Texture varies from 	54 	68.27 68.84 	0.57 
vaguely nodular to diffusely swirly. Very similar to 58.98-62.58.. Here more nodular and 	55 1 68.841 69.71 	0.87 
fewer large brachiopods, although they are still present. Massive in overall aspect. This 	56 	69.711 71.22 	1.51 
interval is the base of a thick cycle that began with the interval above. Lower contact sh 	57 	71.22 72.52 	1.30. 
Nodular zones: 68.28-69.25 (continuation of overlying interval), 70.14-70.31, 70.80-70. 	58 	725 	73.36 	084 
71.16-71.65, 72.67-72.92. These intervals are the tops of mini-cycles. 	 59 	73.36 75.70 	2.34 
More massive, fossiliferous and less nodular below 73.36. 

78.30 

I-MNodular to Massive Limemudstone Cycles: Lt. To dk. brown. Series of sho rt 	 60 	75.70 76.45 	0.75 
nodular to massive, argillaceous cycles like those above. Nodular tops are well pack ed 	61 	76.45 76.84 	0.39................ 
and grade downwads to less wll packed  to massive, more argillaceous swi rly limemu 	62 	76.84 77.96 	1.12 

ne with larqe brachioDods. Lower contact aradational. Limemudstone contains 	63 	77.96 78.30 	0.34 

.......... 1:. 
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- Project: Ft. McMurray Mill Permits 
)m 	To Tkns 
- 	 Description 
rn 	m 	(m) 

abundant brachiopod shell fragments and crinoid ossicles. May be wackestone 10 
Cycles: 75.70-76.84, -77.75, -78.30. 

Nodular: 75.70-76.44, 76.84-77.31, 77.75-77.98. 

8.3 1 79.4 	1.10 Bedded-Nodular Argillaceous Llmemudstone: Dk. brown. Interbedded with the 
EOH 	 dark argillaceous limemudstone are about 1 cm thick lighter beds with wavy to nodular 

bedding surfaces. No fossils at all, in stark contrast to above. 65% argillaceous limemud-
stone, 35% limemudstone interbeds. 

L LOG 

ample From 	To Length  

# 	m m 	m 

8764 1 78.301 79.401 	1.1W. 

H 

Pay. 4of4 

FMM 04-04 
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Company: GRAYMONT WESTERN CANADA INC.  
Project Ft. McMurray Mill Permits  	Hole No: 	FMM 04-05 

	

Dip Tests 	 Claim: 	 Co-ordinates (UTM NAD 83) 	Date Started: 	Oct. 3104 	 Section:  

	

Depth jAngle 	 Bearing: 	none 	Easting (m): 	 474482.1 Date Finished: 	Oct. 4104 	 Core Size: 	 NQ 

	

o -o° 	Inclination: 	-900 	Northing (m): 	6295486.4 Date Logged: 	Oct 4-5104 	Total Depth: 	49.4 m 

- - - Province: Alberta Elevation (m): 	 244.5 Loq BY: A.WKnox 	- - - - - 
From 	To 	Tkns 	 . 	 Sample From 	to Length  Description 

(m) 	(m) 	(m) 	# 	(m) 	(m) 	(m)  
0.00 3.00 3.00 Overburden. 	 - - - - - - - 

	

3.00 	5.21 2.21 Massive to Vaguely Nodular Llmemudstone -Wackestone: Lt. brown. The massive 	 8765 	3.00 3.75 	0.75  
tones are rich in bioclasts, mainly brachiopod shells. The nodular zones are much poorer in 	 66 	3.75 	4.651 	0.90 
bioclasts. Lower contact sharp, colour change. 67 4.65 5.21 0.56  
Nodular zones: 3.0-3.25, 3.71-3.98, 4.50-4.70.  
Core sl. rubbly, weathered on fractures: 3.0-3.75 - 

	

k5.21 	7.48 2.27 Massive Fg Packatone to Shale-Limemudstone: Med. to dk. grey. Shale-free rock 	 68 	5.21 6.21 	1.00  
- is massive to packed-nodular. This interval consists of a shaleing down cycle and the top of 	 69 	6.21 7.48 	1.27  

another. 
Zone of interbedded shale, argillaceous lime mudstone and interclast-rich packstone: 6.53-7.08  
Lt. brown, massive nonargillaceous packstone: 7.08-7.48. Top of cycle.  

7.48 9.01 1 1.53 Thinly Interbedded ArgillaceousLimemudstone and Shale: Med. grey and dk 70 7.48 9.01 1.53  
brown. Argillaceous limemudstone interbeds 5 mm to 5 cm thick interbedded with soft shale  
beds 5 mm to 2 c thick Where limemudstone more abundant, these beds often broken. 
Some interbedded fg packstone. Lower contact grad., upper abrupt Limemudstone:shale 2:1. 
Packstone:7.77-7.81, 7.84-7.89, 8.53-8.59 (rich in cream crinoid ossicles).  

	

9.01 	1164 263 Thickly Interbedded Calcareous Shale and Argillaceous Limemudstone: Dk. 	 71 	9.01 11.64 	2.63  
- grey. Limemudstone beds up to 8 c thick. Shale probably calcareous. Well bedded, planes wavy  
- to flat 50:50. Homogeneous except for bedding. No fossils.  

	

11.64 	14.11 247 Calcareous Shale with Some Argillaceous Limemudstone Interbeds: Dk. grey. 	 72 	11.64 14.11 	2.47  
Very well (planar) bedded. Individual beds very slightly in carbonate content (hardness). Upper  
contact gradational, lower interbedded-gradational.  
Severely disrupted/brecciated: 13.82-14.11.  
Thin limemudstone interbeds: 13.97-14.11.  

	

14.111 	15.18 1.07 Nodular Llmewackstone with Argillaceous Matrix: Med. and dk. grey-brown. About 	 73 	14.11 15.18 	1.07  
30% vdk argillaceous matrix between small to large (0.5 to 5 cm) irregular nodules. Bioclasts in  
-sackestone mostly thin, abundant brachiopod shells and fragments. Lower contact set at end  
of dk brown matrix.  

	

1518 	16.02 0.84 Nodular Limewackestone: Med. grey-brown. Similar to above but matrix SI. less abundant 	 74 	15.18 16.02 	0.84  
- 	 and definitely less argillaceous. Occasional large brachiopods. Nodules small to large. Bio- 	 - 	 - 

- 'lasts again dominated by thin brachiopod shells, more numerous here, maybe packstone  
locally. Lower contact abrupt.  

	

16.02 	19.80 3.78 Massive to Vaguely Nodular. FossIliferous Limewackestone-Packstone: Lt 	 75 	16.02 17.35 	1.33  
brown: The massive intervals are more fossiliferous (packstone) than the nodular intervals 	 76 	17.35 18.29 	0.94  

- (wackestone, as above). The nodular intervals are highly packed, virtually no matrix. The cores 	 77 	18.29 18.82 	0.53  
- of the massive intervals are rich in stromatoporoids and are probably boundstones. Bioclasts 	 78 	18.82 19.80 	0.98  

	

- 	- in  nodular zones dominated by brachiopod shells as above. 	 I- 	 - - - 	- - 
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Company: I GRAYMONT WESTERN CANADA INC. 
Project: IFt. McMurray Mill Permits 	 I 	HOLE No. 

Description 
m 

laceous: 17.19-17.26 (30% partings), 18.61-18.65 (30% partings), 19.22-19.28 

sely Nodular Limemudstone with Argillaceous Matrix: Lt brownish grey. Lime- 
tone clean, nodules sub-angular. The amount of dk. brown argillaceous matrix increases 
ly downwards 10% to 30%. The matrix is hairline tol cm thick and generally subparallel to 
ling; some breccia-style matrix infilling in lower half. Lower contact abrupt-gradational. Lim 
tone nodules up to 5 cm thick. 
little matrix: 19.80-20.96 

We: Med. grayish brown. Interbeds of limemudstone 	 82 
downwards. Overall 60% limemudstone. 40% shale. Lower 

arsely Nodular Llmemudstone with Argillaceous Matrix: Cream. Limemud-
me nodules 2-7 cm thick surrounded by with dk. brown, mostly bedding parallel 
1 cm thick. Nodules thinner in the uppermost 50 cm. Interval rather homogeneou 
rfaces irregular but sub-rounded. Lower contact abrupt-gradational 

dular Llmemudstone: Cream-brown. Compared to above nodules smaller, mo 
egular and better packed. Matrix less abundant, less argillaceous, less bedding F 
nor unconformity surfaces: 29.82, 30.70. Limemudstone below SI, blue 

%e base of this Interval is the contact between the Moberly Member 
id the Christina Member below. 

32.24 
	

88 
surrounding nodules is 
thin interbeds of true shal 

32.24 40.441 8.20 Packstone to Bedded Argillaceous Llmemudstone to Calcareous Shale 	 89 
- 	 Cycles: Med. To dk. brown. Each cycle starts with an horizon of bioclastic packstone, under- 	90 
- 	 lain by thinly interbedded limemudstone and calcareous shale, which may be sI. nodular at 

The proportion of limemudstone interbeds decreases downwards in each cycle so that by 
- base calcareous shale dominates. Bedding irregular at top to more planar towards base. 

- 	 Cycles: 32.24-32.67, -35.14, 37.13, 40.44. 
Packstone: 32.24-32.40,32.67-32.83,35.14-31.19,37.13-37.23. These are all probably lag 

- 	- deposits on top of mini-unconformities. 
Calcareous shale-dominated cycle bases: 34.21-35.14,36.57-37.13. 38.46-40.44. 

43.4 296 1 Packstone to Bedded-Nodular Llmemudstone-Calcareous Shale Cycle: Med. 
grey and dk. brown. The packsione at top is bioclast-rich, towards base infills between lime 
stone nodules. Followino which the nodules have a matrix of araillaceous limemudstone.. Th 
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To 
Description 

mates. Lime mudstone beds about 1cm thic 

Iimemudstone: 40.52-40.74, nodular lime-

. irreaularly interbedded limemudstone and 

40.99-43.40. 

i Shale with interbedded Argillaceous Limemudstone: 

me beds streak, often with planar tops and wavy bases. 

Lower contact oradational. Pronortion or araillaceous limei 

Occasional streaks of interbedded 

Core Recovery 100% 

m 
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Company: GR.4YMONT WESTERN CANADA INC. 	 _________ 

Project: Ft. McMurray Mill Permits  	Hole No: 	FMM 04-06 
Dip Tests 	 Claim: 	 Co-ordinates (UTM, NAD 83) 	Date Started: 	Oct. 7104 	 Section:  

Depth Angle 	Bearing: 	none 	Easting (m): 	 473921.1 Date Finished: 	Oct. 8104 	Core Size: 	 NQ 
o -go.o° 	Inclination: 	-90 0 	Northing (m): 	 6293626.3 	Date Logged: 	Oct. 8-9104 	Total Depth: 	79.40m 

- - - Province: Alberta Elevation (m): 	 249.7 	 A.WKnox - - - - 
From 	To 	Tkns 	

Description 	
Sample From 	To L.ngth  

(m) 	(m) I  (m) 	#  
0.00 	13.281 13.28 Overburden. A few cobbles (some are granite) recovered.  

13.28 	13.90 062 Nodular Limewackestone with Argillaceous Matrix: Med. to dk. brown. Nodules 	 8791 	13.28 13.90 	0.62 	 - 
med. to small, irregular to smooth. Smaller nodules are more regular, rounded. Matrix between 	 - - 
nodules dk. brown, granular. Rock unweathered. Lower contact sharp. Limemudstone contains 	 - 

brachiopod shells, lesser ostracods, crinoid ossicles. Some articulated brachiopods. Scattered 	 - 
small pyrite clots.  

13.90 	15.40 1 50 Nodular Limewackestone: Med. brown. Compared to above nodules somewhat larger and 	 92 	13.90 15.40 	1.50  
better packed. Matrix less abundant and less argillaceous. Greater concentration of bioclasts of 

similar type to above, may be packstone locally. No pyrite seem. Lower contact gradational  

15.40 	18.67 327 Massive to Vaguely Nodular Stromatoporold Packstone to Wackestone: Lt. 	 93 	140 1651 	1.11  
brown. Massive zones rich in fossils and bioclasts at top grade into highly packed nodular zone 	 94 	16.51 	17.67 	1.16  
at base. In massive zones stromatoporoids of various types float in a finely bioclastic matrix 	 95 	1 17.67 18.67 	1.00  
with interstitial algal mat layers-boundstone? Nodular rocks contain almost no interstitial matrix  
and occasional look brecciated. Lower contact sharp, mini-unconformity.  

Massive zones: 15.40-16.5(stromatoporoid-rich). 17-30-17.70, 17.98-18.67  
Abundant stromatoporoids (15.62-16.50)  

Argillaceous: 17.63-17.67 (30% partings), 18.20-18.24(40% partings)  

Nodular zones contain isolated stromatoporoids but are otherwise bioclast-poor. Lowest mass-  

ye zone composed of brachiopod shell fragments in a fine bioclastic matrix. 

18.67 	20.43 1.76 Nodular Limemudstone: Lt. grey-brown. Nodules fine to coarse, max. 4 cm thick, 	 96 	18.67 20.43 	1.76  
subangular and mod. well packed. Limemudstone very bioclast-poor. Matrix between nodules 	 AV. 	13.90 20.43 	6.53  
med. brown, about 10%, not very argillaceous. Clots of pyrite. This is a matrix-poor version of  

the unit below. Lower contact gradational.  

2043 	22.96 2.53 Coarsely Nodular Limemudstone with Argillaceous Matrix: Nodules med. to large, 	 97 	20.43 21.95 	1.52  
most are sub-parallel to bedding. Nodules to 6 c thick Matrix between nodules dk. brown, max 	 98 	21.96 22.96 	1.00  

- 7 mm thick, generally as irregular bedding parallel zones. Unit homogeneous in overall aspect.  
Matrix 15-20%. Lower contact abrupt-gradational.  

22.96 	23.27 0.31 Interbedded Limemudstone and Shale: Limemudstone It brown, shale med.-dk. grey. 	 99 	22.96 23.27 	0.31  
About 50:50, shale proportion increases downwards. Limemudstone interbeds about 5 mm thick.  
Well bedded. Lower contact sharp.  

23.27 	28.33 506 Coarsely Nodular Llmemudstone with Argillaceous Matrix: Lt. brown. Similar to 	 8800 	2327 2425 	0.98  

	

20.43-22.96. Med. brown matrix zones 5 m to 1 cm are even more bedding parallel than above- 	8851 	24.25 26.37 	2.12  
Nodules up to 10 cm thick, locally verges on bedded. About 15% matrix. Interval homogenous 	 52 	26.37 28.33 	1.96  

- overall. Lower contact sharp.  

L33 	29.61 1.28 Nodular Limemudstone: Lt. brown. Nodules mod, sorted, well backed. Matrix nor very argil- 	 53 	28.33 29.61 	1.28  
laceous, not bedding parallel. N odules  spherical to bedding elongate.  

 - Mini-unconformity surface: 28.67, 29.54, 31.61. Limemudstone nodules blue tinged below.  
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From 	To 	Tkns 	 Description 	 Sample 	From 	To Length  

JL. (m) J 	# _QL .J1L _LDL 
The base of this interval Is the contact between the Moberly Member above 	 - - 
and the Christina Member below. 

29.61 	3390 429 Nodular to Bedded Llmemudstone and Calcareous Shale: Med. To dk. grey. This 	 54 	29.61 3062 	1.01  
unit is nodular at the top, becoming better bedded downwards as the proportion of limemud- 	 55 	30.62 31.65 	1.03  
stone decreases. This is a shaleing townwards cycle. The limemudstone is bioclast-poor (rare 	 56 	31.65 32.11 	0.46 
crinoid ossicles) and SI. argillaceous. Possibly SI. silty. The matrix is dk. grey calcareous shale- 

______ 	unbedded. Nodular: 29.61-30.47, bedded-nodular -30.84, bedded (limemudstone-dominated)  

-32.16, bedded (calcareous shale-dominated) -33.90. Limemudstone interbeds often have plan-  
ar tops and wavy bases. Limemudstone beds decrease in thickness downwards from 3 cm to 5 mm.  
Lower contact sharp  

3390 	35.95 2.05 Packstone-Bedded Llmemudstone-Calcareous Shale Cycle: Med.-dk. grey-brown.  

Packstone poorly developed, present as infihling between nodules in uppermost 12 cm. The  
bedded section extends downwards from there to 35.45. Below this the interval is dominated  

by calcareous shale. Bedding relatively regular below 34.72. Above this beds irregular. This  
interval is another shaleing downwards cycle. Many of the limemudstone beds in the lower third  

are internally laminated.  

35.95 	39.20 3.25 Packstone-Bedded Llmamudstone-Calcareous Shale Cycle: med. to dk. grey-  

brown. Similar to above. Here packstone much better developed, contains mm scale algal con- 

creations in mg bioclastic matrix.. Bedded 36.7440.61. Dominated by calcareous shale below  
(occasional mm-scale argillaceous limemudstone interbeds).  

Packstone: 35.95-36.11, 36.21-36.27 (interclasts), 36.40(2 cm), 36.56(1 cm)  

Nodular: 35.95-36.56 (excluding packstone)  

Lower contact sharp, mini-unconformity surface. 

3920 	42.29 3.09 Nodular to Bedded Llmemudstone.Calcareous Shale Cycle: Med. grey. Limemud-  

- stone:calcareous shale 2:1. Argillaceous limemudstone as irregular beds 1-2 cm thick, locally  

almost nodular. Uppermost 28 cm contains unconformity-related blue tinge and abundant de- 
_______ 	watering structures (looks churned). No real packstone. Lower contact gradational.  

42.29 	43.56 1.27 Calcareous Shale with Interbedded Llmemudstone: Downward continuation of cycle  

above. Limemudstone interbeds 2mm to 1 cm thick and internally laminated. Lower surfaces of  
limemudstone interbeds scalloped-wavy. About 25% argillaceous limemudstone. Lower contact  
gradational.  

43.56 	55.56 12.00 Massive Calcareous Shale: Dk brownish grey. Minor, wispy interbeds of argillaceous  

- limemudstone to about 49.0. Interval homogeneous, featureless. Rock is probably quite calcar- 

eous-mod. hard. Nodules of limemudstone occur within 10 cm of base. Lower contact abrupt 	 - 
The base of this Interval Is the contact between the Christina Member above 	 - 
and the Calumet Member below. 	 - 

	

8857 	54.36 55.56 	1.20  
55.56 	57.52 1.96MassIve to Nodular Llmewackestone: U. to med. brown. Massive, bioclast-rich at top 	 58 	55.56 57.52 	1.96  

(bioclasts fine, mostly indeterminate). Grades downwards to packed-nodular textured rock with  

fine to very large brachiopod shell.fragments and lesser crinoid ossicles. Nodules vague, irreg- 

ular, "pressed-looking. Lower contact gradational, increase in argillaceous content. 

Massive 55.56-56.47. 



61 	60.981 61.40 

62 	61.40 62.29 
63 	62.29 63.35 
64 	63.35 63.93 

65 	63.93 65.20 

66 	65.20 66.88 
67 	66.88 68.31 

68 	68 , 311 69.98 

69 	69.981 71.08 

70 

 

71.081 72.88 

0.42 

0 
DIAMOND DRILL LOG 

74.361 
EOH 

GRAYMONT WESTERN CANADA INC. 
Ft. McMurray Mill Permits 

Description 

Nodular to Swirly-Massive Argillaceous Llmemudstone: Continuation of cycle 

above. The nodules are vague, generally small without definite boundaries. They grade to swirly 

textured argillaceous limemudstone dominated by large, filled brachiopods, disarticulated brach-

iopod shells and lesser crinoid ossicles. Locally wackestone. The rock is only moderately argil-

laceous. May be SI. silty. Lower contact abrupt. The breakup of the original bedding must have 

occurred early, prior to significant lithification. 

Nodular 57.52-58.94. Other patches 

Nodular Limemudstone with Argillaceous Zones: Lt. brown. Nodules up to 6 cm thick 

are irregular, amoeboid, generally highly packed. Mostly very little matrix. Limemudstone looks 

clean. Grades out to swirly-argillaceous rock as above in one spot (mini-cycle base, 63.28-63.89 

only weakly arqillaceous. Occasional lame crinoid ossicles. Matrix consists of nodular intervals 

ar to Swirly-Massive Argillaceous Llmemudstone: Similar to 57.53-60.98. 

eous content gradually increases downwards. Matrix in the nodular zones is relatively 

ant, but not very argillaceous. Interval arranged in mini-cycles with nodular tops and 

is bases. The more argillaceous cycle bases contain sparce but prominent larae brac 

The nodular rocks are poor in bioclasts. 

: 66.88-71.68, 74.36. 

ar: 66.88-67.95, 69.68-71.10 (not well devel 

Nodular Limemudstone-Massive Argillac  

brown. Nodular cycle tops are It. brown and  

d. The nodular-argillaceous transitions are g' 

d zones as those above, more argillaceous, 

: 74.36-75.59, 76.4. 

ar: 74.36-74.96. 75.59-76.00. 

m To 

m m 
r.52 60.98 

60.98 I 	66.88 

36 

Limemudstone 

rgillaceous. Nodi 

ruot. unlike abo 

HOLE No. IFMM 04-06 

# 
59 

60 

71 	1 72.88 74.36 	1.48 

Lt. 	 72 	74.36 74.67 	0.31 
Aar,  mod. 	73 	74.67 75.59 	0.92 
assive-swirly 	74 	7559 75.99 	040 
brachiopod 	75 	75.99 	76.4 	0.41 
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Company: GRAYMONT WESTERN CANADA INC.  

Project: Ft. McMurray Mill Permits  	Hole No: 	FMM 04-07 
jpTests 	 Claim: 	 Co-ordinates (UTM, NAD 83) 	Date Started: 	Oct. 9104 	 Section:  

Depth Angle 	Bearing: 	none 	Easting (m): 	 473615.2 Date Finished: 	Oct. 9104 - 	Core Size: 	 NQ 
00 -900 	Inclination: 	900 	Northing (m): 	6295544.6 	Date Logged: 	Oct. 10104 	Total Depth: 	49.40m 

- 	- Province: Alberta Elevation (m): 	 252.0 	 A.WKnox - - - - - - 
From 	To 	Tkns 	

Description 	
Sample 	From 	To L.ngth   

(m) 	(m) I  (m) 	U 
0.00 	9.80 9.80 Overburden,  

9.80 	12.15 2.35 Massive to Vaguely Nodular Limewackestone to Packstone: Lt. brown. Rich in int- 	 8876 	9.80 1215 	2.35  
erclasts in places, some up to 13 cm long. Small, thin brachiopod shells throughout in a finely  
bioclastic matrix. Some large stromatopond fragments. Lower contact abrupt-gradational  
Bitumen present throughout as fracture linings and porosity infihling. 	 - 
Vaguely Nodular 10.87-11.20 	 - 

12.15 	14.53 2.31' .lmemudstone-Wackestone with Interbedded Shale: Med. brown to dk grey. Interval 	 77 	12.15 13.40 	1.25  
arranged in a series of short coarsening upwards cycles with packstone tops and interbedded 	 78 	13.40 14.53 	1.13  
shaly bases. Packstone is often rich in f-mg interciasts, well rounded with interspersed cnnoid  

- ossicles. Cycle bases are beds of limemudstone 1-3 cm thick with interbeds of variously calcar- 
eous shale. Overall about 25% shale. Lower contact interbedded-gradational.  

- Cycles: 12.15-12.97 (no packstone), -13.88, -14.53 (cg top only)  
Packstone: 12.15-12.57 (interclasts), 12.97-13.24 (bioclastic top, interclast-rich base), 13.88-  
13.94 (small interclasts and cnnoid ossicles), 14.3914.53 (interclasts, crinoids, brachiopods)  

14.53 	20.00 5.47 Shale with Interbedded Argillaceous Llmemudstone: Dk. grayish brown. Interbeds 	 79 	14.53 16.761 	2.23  
- of argillaceous limemudstone SI. lighter coloured. These are up to 5 cm thick at top. They 	 80 	16.76 18.061 	1.30  

become thinner and less abundant downwards, rare below 17.6. Calcareous shale can only be 	 81 	18.06 20.001 	1.94  
- distinguished by hardness. Calcareous shale becomes increasingly abundant below 16.7. Lower  

contact sharp.  

Limemudstone beds mod. broken: 14.53-14.94.  
Small nodules of limemudstone: 19.62-20.00  

20.00 	20.79 0.79 Nodular Limewackestone with ArgIllaceous Matrix: Med. brown. Rock consists of 	 82 	20.00 20.79 	0.79  
- variably sized (0.5 to 8 cm), irregularly shaped limewackestone nodules in a matrix of granular  

calcareous shale. The limewackestone contains abundant small to med . -sized fragments of thin  
- brachiopod shells and lesser cnnoid ossicles surrounded by lime mud. Lower contact gradational.  

20.791 21.921 1.13 Nodular Limewackestone: Similar to above with less argillaceous matrix. Nodules still irreg- 	 83 	20.79 21.92 	1.13  
ular but here somewhat smaller and better packed.. Lower contact sharp.  
Relatively argillaceous: 21.11.21.14, 21.39-21.57. These have about 20% argillaceous matrix.  

21.92 	25.64 3.72 Massive to Packed-Nodular Fossiliferous Limewackestone to Packstone: Lt. 	 84 1 21.92 22.98 	1.06  
brown. Massive zones, especially near top, are rich in stromatoporoids of at least 3 types. Most 	 85 	1 22.98 24.12 	1.14  
common are 4-6 mm diametre "lingers", long axis bedding parallel. Nodular zones are very well 	 86 	24.12 25.64 	1.521   
packed, virtually no matrbL They re much poorer in bioclasts (wackestone-mudstone). The rocks  

- are locally finely brecciated-angular clasts. Massive zones near base composed of fine bioclasts  
and shell fragments but without stromatoporoids. Lower contact sharp, mini-unconformity sur- 

face.  

Massive zones: 21.92-22.97(stromatoporoid-nch), 24.09-24.44, 24.74-25.64. Bases of all of  
these are mini-unconforrnities.  
Argillaceous: 23.05-23.18 (30% nodule matrix), 24.42-24.45 (20% fine partings), 25.03-25.06 (50%  

- 	 - partings), 25.33-25.36(60% coarse partings)  
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From 	To Tkns 	

Description
Sample From 	To Length  

# 	rn 	m 	rn  

2564 2708 1.44 Nodular Limemudstone: Lt. brown. Matrix-poor version of the interval below. Nodules well 	 87 	25.64 2708 	 - - 
packed, subangular, med. to large. Matrix dk brown, in thin zones (1-3 mm), argillaceous. Lime-  
mudstone bioclast-poor. Lower contact gradational.  

27.08 	29.8 2.72 Coarsely Nodular Limemudstone with Argillaceous matrix: Lt grey-brown. Nodules 	 88 	2708 2840  
rounded to angular, much of interval resembles breccia Martix zones bedding parallel but some 	 89 	28.40 29.80  

- in other orientations. Lower contact sharp-interbedded. 	 - 
Coquina of small brachiopods: 28.84(1 cm thick).  

29.8 1  3026 0.46 Interbedded Llmemudstone and Shale: Dk. grey-brown. Limemudstone interbeds 0.5- 	 90 	290 30.261  
1 cm thick interbedded with soft, flssle shale. Proportion of shale increases downwards Lime-  
mudstone beds have irregular-wavy surfaces. Overall about 1:1. Lower contact sharp.  

30.26 35.22 4.96 Very Coarsely Nodular-Bedded Limemudstone with Argillaceous Matrix: Similar 	 91 	30.26 31.90 	 - 
to 27.08-29.80, except here nodules thicker (to 12 cm) and argillaceous zones mostly bedding 	 92 	31.90 33.58  
parallel. Interval is actually more bedded than nodular. Matrix 10-15%, quite argillaceous-calcar- 	 93 	33.58 35.22 	 - 
eous shale. Lower contact abrupt.  

35.22 	36.55 1.33 Nodular Llmemudstone: Lt. grayish brown. Nodules med . -sized and highly irregular-amoeboid, 	 94 	3522 36.55  
mod, well packed Matrix only SI. to mod, argillaceous and not bedding parallel. Lower contact  

- abrupt.  
Mini-unconformity surfaces: 35.44, 36.37. Nodules below blue-tinged, with strong dewatering te  
tures. 
The base of this interval is the contact between the Moberly Member above  
and the Christina Member below.  

36.55 37.75 1.20 irregularly Bedded Limemudstone with interbedded Calcareous Shale: Lt. and dk. 	 95 	36.55 37.75  
grey. The limemudstone beds ar 5 mm to 2 cm thick. Bedding surfaces irregular, wavy. Shale i  
beds variously calcareous, 2 mm to 1 cm thick. Overall shale: limemudstone 1:3. Lower contac 	 - 
sharp.  
Highly disrupted-nodular: 36.55-36.90.  

37.75 46.00 8.25 Packstone to Bedded Limemudstone to Calcareous Shale Cycles: Lt. grey to dk. 	 96 	37.75 38.66 	 - 
grey. These cycles start (top) with thin horizons of massive bioclastic packstone. Underlying 	8897 	38.66 39.48 	 - 
these is mod. to thinly interbedded argillaceous limemudstone and darker calcareous shale.  
Downwards in each cycle the proportion of calcareous shale increases so that the bases the 
rock is dominated by calcareous shale 

Cycles: 37.75-37.97, -38.32, -40.76, -42.84, -46.00.  
Packstone: 37.75-37.78 (mg bioclastic), 37.97-38.02 (same, with fine interclasts), 38.31-38.65  
Peloid-crinoid- shell grainstone)., 40.77-40.84 (bioclastic with mg interclasts), 42.84-42.92 (bio  

clastic with algal concretions). These packstone horizons appear to be lag deposits on top of  
mini-unconformities. 
Bedded, dominated by calcareous shale: 40.04-42.84, 44.15-46.00. The bedded sections beds  

- wavy to irregular at top, more planar towards base. Towards the base of the thicker cycles the  
- argillaceous limemudstone beds become internally laminated.  

Worm burrows: 41.83-42.06, 42.66-42.84  
46.00 49.40 3.40 Packstone to Interbedded Argillaceous Llmemudstone-Caicareous Shale 	 87 	25.64 27.08  

EON 	 Cycle: Similar to above. The upper part of the interbedded section has a nodular texture. Again  



0 





0 
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From 	 !_ 	 Description 	 Sample From 	To Length  

1 1 

	

	 9 M ---- _ 	 __ 
Shale: limemudstone 60:40. Lower contact sharp.  

2622 31.14 497 Coarsely Bedded-Nodular Llmemudatone with Argillaceous Zones: Lt grey- 	 8 	26.22 27.25 	1.03  
brown. This usually nodular unit is of a more bedded nature here. Argillaceous material is mostly 	 9 	27.25 	29.14 	1.89  
resent as 0.5-1 cm thick wavy interbeds between about 5 c thick Iimemudstone beds. Nodular 	 10 	29.14 31.14 	2.00  

- texture only present locally. Lower contact gradational. About 20% argillaceous interbeds. Rare  
- brachiopod shells. 

Nodular. 26.22-27.26, 30.30-31.14. 

31.14 	32.43 1.29 Nodular Llmemudstone: Lt brown. Definitely nodular, not bedded. Nodules small to med.- 	 11 	31.14 	32.43 	1.29  
sized, irregular, well packed. The little matrix present is relatively non-argillaceous. Limemudstone 
bioclast-poor, rare shells and crinoid ossicles. Unlayered. Lower contact sharp, mini-uncon- 
ormity.  

Mini-unconformity 31.50. Nodules blue-tinged below. 
The base of this Interval lithe contact between the Moberly Member above 
and the Christina Member below. 

32.43 	33.9 1.47 Nodular to Bedded Llmemudstone and Shale: Med. to dk brownish grey. The upper 	 12 	32.43 33.90 	1.47  
art of this interval is composed of irregular to "bedded" nodules of limemudstone in a matrix of 

calcareous shale The lower half is better bedded with argillaceous limemudstone interbedded 
with true (soft) shale. The transition between these two halves is gradational. Lower contact  
sharp.  
Nodular: 32.43-33.05. To 32.88 limemudstone nodules (sub-spherical) "float" in dark calcare  
shale matrix. 
Bedded: 33.05-33.90. Argillaceous limemudstone beds are 5-10 mm thick with wavy surfaces  
Shale interbeds thinner and quite soft.  

33.9 42.07 8.17 Packstone to Bedded Llmemudstone-Shaleto Calcareous Shale Cycles: Med. 	 8813 	33.90 35.00 	1.10  
to A. grey-brown. Cycles begin (top) with thin horizons of bioclastic packstone. Below this ar  

- intervals of thinly interbedded limemudstone and calcareous shale (locally true shale). This r  
association grades downwards to relatively massive calcareous shale with only a few, thin lim 
mudstone interbeds. In the bedded sections the limemudstone beds often have planar tops a 
scalloped bases. At the top of the bedded sections (just below the packstone horizons) shale:  
limemudstone 1:1. 
Cycles: 33.90-34.33, -36.84, -38.84, 42.07. 
Packstone: 33.90-34.06,34.33-34.45,36.84-36.95, 38.84-38.95. These are rich in bioclasts  

- neloids-crinoids). Thin horizons of interclast-rich packstone 39.31 (2 cm), 39.48 (2.5 cm), 39.  
to 39.58. 

Calcareous shale dominated: 35.34-36.84,40.51-42.07. These average about 80% shale.  
Worm burrows (scattered): 37.21-37.94.  

42.07 46.34 4.27 Packstone to Interbedded Llmemudstone and Calcareous Shale Cycle: Same  
as above. In this cycle the bedded section below the packstone is rich in limemudstone beds  
about 1 cm thick. The calcareous shale beds are 24 mm thick in this section.  

- 	- Packstone 42.0742.21, bedded (limemudstone-dominated) 42 21-45.11. Bedded (calcareou  

- 	- shale-dominated) 45.1146.34.  

- - - Worm burrows (scattered) 43.75-44.36. 	 - - 	 - - - - 	- 
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DIAMOND DRILL LOG 
Company: GRAYMONT WESTERN CANADA INC.  

- 

 

Project: Ft. McMurray Mill Permits 	- - 	HOLE No. FMM 04-10 
!L 	 Description 	 Sample From To Length 	 - 

mrnJ 	# 	mm 	in  

25% matrix overall. Limemudstone nodules 0.5-7 cm, matrix zones about 1 cm. Rather homo- 
geneous   geneous overall. 

24.05 	24.64 0.59 Interbedded Llmemudstone and Shale: Med. grey. Limemudstone beds 2 mm to 1 cm 	 45 	24.05 24.64 	0.59  

thick interbedded with soft shale. Proportion of shale increases downwards. Overall about 65%  

shale. Lower contact sharp.  

24.64 	29.28 4.64 Coarsely Bedded Llmemudstone with Calcareous Shale Interbeds: Very similar 	 46 	24.64 25.35 	0.71  

to  21.62-24.05,  except much better bedded. Limemudstone beds  4-8 cm th ick. Calcareous shale 	 47 	25.35 27.18 	1.83  

interbeds 06-1.2cm thick, sub-planar to wavy-irregular. Overall shale about 15%.. Limemudstone 	48 	27.18 29.32 	2.14  

bed thickness increases downwards. 	 49 	29.32 30.59 	1.27  

Core broken by core parallel fractures: 28.65-29.05.  

Semi-nodular.  24.64-25.13, 27.92-28.38.  

29.28 	30.59 1.31 Nodular Llmemudstone: Lt. brownish grey. Completely unbedded. Nodules  med.-sized,  max. 	 8850 	30.59 32.33 	1.74  

2  c th ick. Nodules well packed , "pilloW' texture.. Matrix to nodules mod, argillaceous, about  

10%. Lower contact abrupt  

Mini-unconformity surfaces: 29.72, 30.46. Below these nodules blue-tinged.  

The base of this Interval Is the contact between the Moberly Mem ber above  

and the Christina Member below.  

30.59 32.39 1.80 Nodular to Bedded Argillaceous Llmemudstone and Calcareous Shale: Med.  

to dk. grey. At top the rock is nodular, limemudstone n odules irregular and indefinite, floating  

in calcareous shale. In the lower 2/3 the rock is well bedded, argillaceous limemudstone beds  

-ltemating with soft shale. Limemudstone beds 1 cm thick or less, shale the same. Limemud  

nne:shale 60:40. Lower contact sharp.  

Nodular: 30.59-31.34. Bedded below.  

32.39 	40.4 8.01 Packstone to Interbedded Llmemudstone-Calcareous Shale to Calcareous 
Shale Cycles: Med. to dk. grayish brown. Cycles begin (lop) with a thin horizon of bioclastic  

packstone, m-cg, commonly capping and surrounding limemudstone nodules. Below this are  

tervals of interbedded Iimemudstone and calcareous shale. Limemudstone interbeds predomi  

ate at top but proportion of calcareous shale increases downwards in each cycle, so that by th  

bases  calcareous shale dominates. Bedding planar to gently wavy. Bases of limemudstone in  

beds often scalloped. In the  calcareous  shale-dominated sections limemudstone beds more  

rgillaceous and often laminated.  

ackstone: 32.39-32.46, 32.55-32.62, 34.85-34.93, 37.00-37.13 (contains thin laminae of shal  

and  some limemudstone. Also contains algal concretions(?)).  

Calcareous  shale-rich: 33.77-34.85, 38.47-40.40.  

Cycles: 32.39-32.55, -34.85, -37.00, -40.40.  

No significant worm burrowing.  

40.4 45.56 5.16 Packstone to Interbedded Llmemudstone-Calcareous Shale Cycle: Similar 

~sha 

	 - - 

above. The packstone at the top is poorly developed, just some patches of biocl rich ter
ial between limemudstone nodules. The upoer part of the bedded section is quit oor.  
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DIAMOND DRILL LOG 

Company: GRAYMONT WESTERN CANADA INC. 
Proect: Ft. McMurray Mill Permits  	HOLE No. FMM 04-11 

From 	To 	Tlcns 	 Description 	 Sample From 	To Length 	CaCO3 	MaC01 	6102 	F.203 	A1203 	Na2O 	K20 	MnO 
(m) _L JL  

Worm 	
.....L... _QiiL JL .JL (%) 	() J2L. .JL .JL J2L. JiL. 22 Wormburrows: 38.26-38.69 (not abundant).  

43.17 	49.40 	6.23 Packstone to Interbedded Argillaceous Llmemudstone-Calcareous Shale to 

Calcareous Shale Cycle:  

43.17-43.23packstone surrounding limemudstonenodules.  

43.2343.57 Nodular limemudstone to wackestone. 25% calcareous shale matrix. 
- 43.5743.64 Interclast-rich packstone.  
- 43.64-44.82 Nodular-bedded limemudstone (80%) calcareous shale (20%).  
- 44.82-47.55 Interbedded Iimemudstone (60%) and calcareous shale (40%)  
- 47.55-49.40 Interbedded calcareous shale (70%) and argillaceous limemudstone (30%)  

Worn burrows: 44.145.94. As well scattered worm burrows below 46.32. 

Core Recovery 
- 100% except 13.4-16.4 0.53 rn lost (all attop).  
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DIAMOND DRILL LOG 

Company: GRAYMONT WESTERN CANADA INC.  
Proect: Ft. McMurray Mill Permits   	HOLE No. FMM 04-13 

!!L. 	To Tkns 	 Description 	
Sample From 	To Length 	CaCO3 	MgCO3 	6102 	F.203 	A403 	Na2O K20 MaO 

_!___1!aL 	# 	m J!_ m 	(%) 	(%) ..L JL .JL .JL .L. 
smaller ones. Central Nodular subzone: 15.84-17.09. Composed of fossil-rich lime-.  
wackestone nodules, vey well packed-almost no mactx. Interlocked. Lower contact 	 - 
abrupt-gradational. Mini-unconformity 16.46. Blue-tinged and less nodular below.  
Lower massive zone: 17.09-18.44. Mostly packstone containing shells-interclasts-  
crinoids and indeterminate bloclasts in lime mud matrix. At base rock contains 	 - 
'llnger"stromatoporoids as well as larger bulbous types. Lower contact sharp,  
mini-unconformity.  

Argillaceous zones: 16.83-16.89(40% partings), 17.57-17.64 (30% fine partings),  
18.05-18.08 (shale bed), 18.17-15.21 (shaleynodule martix).  

18.44 	20.14 1.70 Bedded/Nodular Llm.mudstone: Lt grey. Very well packed nodules and irreg- 	 57 	18.44 20.14 	1.70  
'ilar beds of limemudstone with interlaminae and zones of shale and calcareous shale. At top rc  
shale. At top rock well-bedded, beds 0.5-2 cm thick, separated by mm scale soft  
-shale laminae. Beds moreirregular towards base; rock is more nodular, calcareous  
shale as irregular fracture fillings and nodule matrix. Limemudstone almost bio-  
clast-free. Some pyrite and fine colour mottling. Lower contact gradational.  
Bedded 18.44-19.47. Nodular below.  

20.14 	22.49 2.35 Coarsely Nodular Llmemudstone with Argillaceous Matrix: Lt grey- 	 58 	20.14 22.49 	2.35  
brown. Limemudstone nodules are mostly bedding parallel, up to 7 cm thick. Larger  
ones have sub-angular edges, smaller ones are more eguant and rounded. Calcar- 
eous shale matrix dk. brown, present as irregular seams up to 1.2 cm thick and as  
cross cutting, highly irregular thin zones. This interval is better bedded here than us  
at. Locally small brachiopods present in the calcareous shale. Lower contact sharp.  
20-25% calcareous shale overall.  

2249 	23.12 063 Interbedded Llmemudstone and Shale: Ok. grey-brown. Irregular limemudst- 	59 	22.49 23.12 	063  
one beds 1cm thick or less are interbedded with soft shale. Thinner limemudstone 	 - 
beds broken up. Shale proportion increases downwards, 30% at top to 80% at base.  
Lower contact sharp.  

23.12 27.64 4.52 Bedded Llmemudstone with Calcareous Shale interbeds: Lt brown-grey 	 60 	23.12 25.4 	2.28  
Similar to 20.44.22.49. Here rock is better bedded and the limemudstone beds are 	61 	25.41 27.64 	2.24 	 - 
on the average thicker. Limemudstone bioclast-free, massive with rare pyrite clots.  
I .imemudstone beds up to 10 cm thick. Calcareous shale interbeds up to 2 cm thick  
mostly less than 1 cm. Bedding surfaces gently wavy to irregular, almost nodular.  
Some ljmemudstone beds broken. Lower contact abrupt.  

27.64 	29.15 1.51 Nodular Llmemudstone: U. grey-brown. Limemudstone nodules irregular, ame- 	62 	27.64 29.16 	1.51  
biod, well packed. Nodule size increases slightly downwards. Matrix not abundant,  

- not bedded, not as argillaceous as above. About 10% matrix overall. No fossils or  
bioclasts  

- Mini-unconformity: 28.20,29.05. Nodules blue-tinged below, infilled with granular  
matrix.  

- The base of this Interval Is the contact between the Moberly Member  



DIAMOND DRILL LOG 
Company: GRAYMONT WESTERN CANADA INC.  

- Project: Ft. McMurray Mill Permits 	- -   	- HOLE No. FMM 04-13 
From I To ITkns 	

Description 	 Sample From 	To Length 	CaCO3 	MgC0 	Sb 2 	F.20, 	*i20, 	Na2O 	1(20 MaO 
rn 	m 	(m) 	# 	m 	m 	m 	(%) 	(%) 	(%) 	(%) jN J 

above and the Christina Member below. 

29.15 	30.95 1.80 Interbedded Limemudetone and Shale: Med. to dk. grey. Mosby well bedded 	 8963 	29.15 30.95 	1.80  
'.imemudstone beds up to 4 cm thick (average 2 cm) alternate with soft, fissle shale.  
Proportion of shale increases downwards 20% at top to 40% at base. Bedding surf-  
aces way. Lower contact sharp.  
Worm burrows 30.63-30.95.  

30.95 	43.38 12.43 Packstone to Interbedded Limemudstone.Calcareous Shale to Calc- 
areous Shale Cycles: Lt to dk. grey. Each cycles begins (top) with a thin horizon  
of bioclast-rich packstone, the base of which often contains limemudstone inter- 

_______ 	clasts or interfingers with limemudstone nodules. Below the packstone is an interval   

of moderately to thinly interbedded limemudstone and calcareous shale. In each cycle  
this interbedded zone is limemudstone rich at top and grades downwards to a much  
higher proportion of calcareous shale at base. The bedding is way in the limemud-  
stone-dominated upper part with limemudstone beds about 1 cm thick and calcar- 
eous shale horizons of 4 mm. As each cycle becomes richer in calcareous shale 	 -  

downwards the limemudstone beds becone thinner and more planar, often with scall- 
oped bases. Xmost no fossils except for bioclasts in packstones. Lower contact  

radational. 
des: 30.95-33.35,-35.47,-38.87,43.38.  
ckstone: 30.95-31.03 (poorly developed, bioclastic material between limemudston  

odules), 33.35-33.39 (packstone interbeds with limemudstone at base), 35.47-35.5  
cg packstone with algal concretions. lnterclasts at base), 38.87-39.35 (packstone at  
top. Downward packstone as matrix to limemudstone nodules and interciasts).  
Dominated by calcareous shale (60%+): 31.58-33.35, 34.44-35.47, 37.15-38.87,42.  
3.38.  

Worm burrows: 33.68-34.15,40.61-41.83. Nowhere abundant. Scattered.  
Nodular: 35.90-36.14,39.17-39.41,39.92-40.02.  

43.381 	55.3 11.92 Massive Calcareous Shale: A few thin interbeds of argillaceous limemudstone   

i n upper part. Featureless except for rare thin beds of true shale. Lower contact grad 	 - 
onal over 4 cm. 
The base of this Interval Is the contact between the Christina Member 	 - 
above and the Calumet Member below 	 8964 	53.11 56.3 	3.19  

55.3 60.41 5.11 Nodular Llmewackestone to Argillaceous Limemudstone Cycle: U. 	 65 	55.3 57.01 	1.71  
brown to med. grey-brown. The nodular limewackestone at top is composed of smal 	66 	57.01 58.19 	1.18   
to med .-sized, highly irregular, ameboid nodules. Very well packed at top, less well 	67 	58.19 60.41 	2.22   

downwards. Nodule matrix med. brown, granular, argillaceous. Limemudstone pres  
as wispy, thin zones. In lower half the nodular rock grades downwards to med. brow  
swirly textured argillaceous timemudstone characterized by large articuulated brachi  
pods. This rockoften contains patches of vague, sI. lighter coloured nodules. Overall  
not very argillaceous. Swirly texture due to bioturbation?. Other then the large brach  

______ 	',ods this cycle base rock is rather bioclast-poor. Lower contact sharp.  
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GRAYMONT WESTERN CANADA INC. 
Ft. McMurray Mill Permits 

L 	 Description 

- Nodular: 55.30-58.16. Rock contains very fine shell fragments, cream crinoid 
and lesser large brachiopod shells in a lime mud matrix. No silica or pyrite. Nodules not 
sharply defined. Lower contact completely gradational. 

7 Nodular Llm.mudetone: Lt brown. Very similar to upper part of interval above. 
- Sub-rounded, irregular (often sort of elliptical), ameboid nodules of limemudstone 1-4 
- cm thick. Generally well packed ("pillowed'). Martix (about 10% overall) med. brown ar 
- laceous limemudstone. Limemudstone bioclast-poor. Interval arranged in cycles with 

sliahtiv more araillaceous bases. Lower contact aradational. 

to Massive Argillaceous Limemudatone: Med. grey. At top the texture 
y-nodular, vague limemudstone nodules floating in a weekly argillaceous matrix. 
ards the vague nodules are less abundant and the texture becomes more mas-
'idely scattered brachiopod shells and crinoids associated with nodular parts. 
y becomes more argillaceous downwards. Gradational cycle base of interval 
Nodule-rich (relatively non-argillaceous): 68.70-69.12. 
nodule-free: 71.07-74.21 

ar Limemudstone to Argillaceous Llmemudstone Short Cycles: 
lops are nodular limemudstone as described 60.41-67.18, generally rel 
i.  Cycle bases are massive to poorly bedded argillaceous limemudston 
ssil debris (shell-crinoid)-rich patches and streaks. No articulated brac 

74.21-75.33, -76.26, -78.81, -79.40 (partial). 
r: 74.21-74.94 (well Dacked. Locally wackestone. 75.33-75.79. 76.26- 

 

From 9th 	CaCO3 	MgCO3  

M 	I () 	(%) 

HOLE No. FMA 
Fe201  I A603 	P1a20 

3 

69 
70 

73 
74 

 

1.31 
0.98 
2.01 	87.18 	3.22 
1.38 	84.67 	4.21 

1.95 	76.74 	5.83 

1.94 	77.13 	3.95 

1.44 	67.42 	4.67 

1.7 	64.69 	4.92 

1.137 
1.072 

 

	

79.81 	3.24 

	

57.51 	6.65 

	

56.47 	4.63 

	

71.21 	4.69 







DIAMOND DRILL LOG 
GRAYMONT WESTERN CANADA INC. 

rruJecI; iL. curry ,,, rermits 	 HOLE No. FMM 041 
ro a s  "

I 
	 Description 	 1Sample From 	To Length 	 I 

taming argillaceous limemudstone interciasts towards their bases. The packstone is under-

by interbedded argillaceous limemudstone and calcareous shale. The limemudstone beds 

thin and generally wavy. These decrease in abundance downwards in each cycle such that 

base calcareous shale predominates. At the top of each bedded interval limemudstone bed 
,ut 75%. Lower contact gradational. 

les: 34.97-35.39, -37.83, -39.92, -43.36, -46.87. 

kstone: 34.97-35.06 (large shells-crinoids-vcg interclasts), 35.39-35.52 (rich in large intercl-
;), 37.83-37.98 ( packstone interbedded with thin shale laminae. Large interciasts at base. C 

oid-rich, most bioclasts indeterminate), 43.36-43.64 (Lower half has shaley matrix. Large 

rclasts at base. Large brachiopod shells in middle). 

ninated by calcareous shale (60%+): 36.77-37.83, 39.31-39.92, 42.04-43.36,44.92-46.87. 
rm burrows: 44.52-45.53. 

Calcareous Shale with Thin ArgIllaceous Limemudstone Interbeds: Dk. brown. 
The argillaceous limemudstone beds are thin (0.5-1 cm), somewhat indeterminate and mt 

laminated. Bedding surfaces planar to wavy, often scalloped on their lower contact In this 

vat the compositionial difference between the calcareous shale and the argillaceous limen 

stone interbeds is slight Interbeds about 30% at top, decreaseing downwards. Core mas 

Calcareous shale visibly unbedded, but core breaks alona beddina easily. Not fissle. 
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Legend 
CRETACEOUS 

KIb - LaBiche Rwrrtior 
Kj - Joll FQU Formation 
Kac - Nice Creek Tongue. 

Grand Rapids Formation 
Kg - Grand Rapids Formation 
Kc - Clearwater Formation 
Km - McMurray Formation 
Ksh - Shartesbury Formation 

DEVOMAN 
Dm - Middle Devoran 
Dw - Waterways ForrrxIion 

PIE CAM BPLN 
Hmf - MarUtou Falls Formation 
Ag -Granttoids 
Ax - M,1onftio Rocks  

10 

Symbols 
Geological boundary ................... 

Geological boundary (subcrop) ........... . ..- - 

Major Highway ........................ 

Rivers.............................. 

Grayrnont Permit/Lease location ........... I-ø'1 

Notes 
1) Geology after Cottenil and Hamilton (1995)  
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Figure 5.1 
Regional Geology 
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Table 5 

- Stratgraphic Interpretation and Comparison  
2004 Ft. McMurry Drillin1Prt  

Metallic and Industrial Minerals Permit #9304030970  

DDH(FMM04-) 	 6 	 1 	 2 	 3 	 4 	 5 	 7 	 8 	 9 	 14 	 10M

14.1 

	 12 	 13 

	

.Top Depth Thai Top Depth  Thu Top Depth  Thai Top Depth Thu Top Depth Thus Top Depth  Thu Top Depth  Thai Top Depth Thu Top Depth  This Top Depth Thai Top Depth Thai 	Top Depth Thais Top Depth  Thai 

	

00 133 	00 	5 	00 	57 	00 	19 	00 	41 	00 	30 	00 	98 	00 117 	00 	69 	00 	53 	00 133 	00 100 	00 	31 
oberlyMember 	 13.3 	16.3 	5725.5 	5727.2 	1926.2 	41 	27.1 	3.0 27.8 	9.8 26.8 	11720.8 	6.9 32.8 	5.3 28.5 	13.3 	17.3 	10,026.1 	3.1 	26.1 

up 	us 	up 	op 	up, 	up 	up 	up 	up 	 up 	up 	op 	up 	up 	op 	6.9 	4.4 	up 	up 	up 	us 	up 	op 	up 	n 

P6 

	

up 	5.7 	1.6 	5.7 	2. 	1.9 	2.0 	4,1 	2.8 	3.0 	2.2 	9.8 	2.4 	up 	tap 	11.3 	4.1 	5.3 	3.' 	up 	us 	10.0 	1.4 	3.1 	1. 
SubunitilIli 	1 	up 	up 	7.3 	1.9 	8.6 	2.1 	3.9 	1.7 	6.9 	1. 	5.2 	2.3 	12.2 	2.3 	up 	tap 	15.4 	2.0 	1.7 	2.' 	up 	up 	up 	1 	11.4 	2.4 	4.7 	2.3 
Subunit I111 	 tap 	us 	9.2 	5.9 	10.7 	5.7 	5.6 	5.9 	8.8 	5 	7.5 	6.6 	14.5 	5.5 	11.7 	44 	17.4 	5.5 	11.1 	5.5 	13.3 	0.4 	14.2 	2.6 	13.8 	5.3 	7.0 	5.' 
Subunit lliii 	 13.3 	0.6 	15.1 	0.7 	16.4 	0.7 	11.5 	0.8 	145 	0.8 	14.1 	1.1 	20.0 	0.8 	16.1 	0.7 	22.9 	0.5 	16.6 	0.8 	13.7 	0.8 	16.8 	0. 	19.1 	0.8 	12.4 	01  
Sulstuitllli 	 13.9 	1.5 	15.8 	1.0 	17.1 	1.0 	12.3 	1.5 	15.3 	1.3 	15.2 	0.8 	20.8 	1.1 	16.8 	1.1 	23.7 	1.1 	17.4 	1.2 	14.5 	1.5 	17.5 	1. 	19.9 	1.2 	13.1 	1.. 
Subunit 111 	 15.4 	33 	16.8 	3.7 	18.1 	3.7 	13.8 	3.3 	16.6 	3.5 	16.0 	3.8 	21.9 	3.7 	17.9 	3.9 	24.8 	4.0 	18.6 	4.1 	16.0 	3.9 	19.1 	3.7 	21.1 	4,2 	14.6 	3. 
Subunit lv 	 18.7 	1.7 	20.5 	1.4 	21.8 	1.5 	17.1 	1.6 	20.1 	1.5 	19.8 	1.2 	25.6 	15 	21.8 	1.4 	28.8 	1.1 	22.7 	19 	19.9 	1.7 	22.8 	1.8 	25.3 	1.5 	18.4 	1.' 
Subunittiv 	 20.4 	2.6 	21,9 	2.8 	23.3 	2.8 	18.7 	2.6 	21.6 	2.7 	21.0 	3.0 	27.1 	2.7 	23.2 	2.6 	29.9 	2.1 	24.6 	2.3 	21.6 	2.5 	24.6 	2.3 	26.8 	2.6 	20.1 	2.' 
Subunit liii 	 23.0 	0,4 	24.7 	0.4 	26.1 	0.3 	21.3 	03 	24.3 	0.4 	24.0 	0.5 	29.8 	0.5 	25.8 	0.4 	32.8 	0.5 	26.9 	0.5 	24.1 	0.5 	26.9 	0.6 	29.4 	0.6 	22.5 	0.' 
Subunit lii 	 23.4 	4.9 	25.1 	5.0 	26.4 	5.2 	21.8 	51 	243 	5.13 	24.5 	4.9 	30.3 	49 	26.2 	4.9 	333 	4.6 	27.4 	4.8 	24.6 	4.7 	27.5 	4.7 	30.0 	4.7 	23.1 	4.5 
Subunit 11 	 28.3 	1.3 	30.1 	1.1 	31.6 	1.3 	26.9 	1.1 	29.7 	1.5 	29.4 	1.4 	35.2 	1.4 	31.1 	1.3 	37.9 	1.7 	32.2 	1.5 	29.3 	1.3 	312 	1.4 	34.7 	1.4 	27.6 	1. 

	

29426.0 	31.2 	18.2 	32,925.7 	28,021.4 	31,225.8 	30.8 	18.5 	36.6 	12.8 	32.4 	17.0 	39.6 	9.8 	33.7 	15.7 	30.6 26.3 	33.6 	15.8 	36.1 	13.3 	29.2 26.1 
0 	 1. 	 1.3 	 1.4 	 1. 	 1.5 	 1.4 	 1.3 	 1 	

1.8 	 1.6 	 1: 

	

4.3 	 1.4 	 0.8 	
3.0 	

0.4 	 0.4 	 0.4 	 0.4 	 0.4 	 0.4 

	

2.2 	 2.3 	 2.5 	 14 	 2.5 	 2.3 	 2.4 	 2.3 	 2.4 	 2.6 	 2. 

	

2.1 	 1.9 	 1.9 	 1.9 	 2.0 	 2.1 	 2.0 	 2.3 	 2.1 	 2.2 	 2.0 	 2.1 	 2.1 

	

3.3 	 3.4 	 3.3 	 3.3 	 3.3 	 3.2 	 3.3 	 3.2 	 3.4 	 3.4 	 3.4 	 3.8 	 3. 

	

4.4 	 4.0 	 3.1 	 4' 	 & 

	

12.0 	 12.3 	 12.' 	 112  	 11. 

	

55.6 20.8 	 58.6 11.8 	 57 22.4 	 56.9 22.5 	 55.3 247 
Nod. Luoouoaane(cyc1etop) 	55.6 	1.9 	 38.6 	3.3 	 57.0 	2.0 	 56.9 	1-9 	 55.3 	2.1 
AtBII. (,.usishtar (ryde base) 	57.5 	3.5 	 61.9 	13 	 59.0 	3.8 	 56.8 	3.4 	 58.2 	1 
Nud.Ltatuac (cycle top) 	61.0 	59 	 64.2 	6.2 	 62.8 	5.5 	 62.1 	6.4 	 60.4 	& 
AupL Linaaisuhreac (cycle biso) 	66.9 	7.5 	 68.3 	7.4 	 68.5 	7.3 	 67,2 	7.1 

Sleet ulcu 	 74.4 	2.: 	 75.7 	3.7 	 75.8 	 742 ,  
EO10 	 76.4 	 49.4! 	1 	70.41 	 49.41 	1 	79.41 	 493 	 4941 	1 	4941 	1 	494 i 49.41 	1 	79.41 	 49,4! 	1 	494 	 794.' 



Table 5 

Stratigraphic Interpretation and Comparison 
2004 Ft. McMurray Drillsg Project 

Metallic and industrial Minerals Permit if 9304030970 

DDH(FMM04) 	 6 	 1 	 2 	 3 	 4 	 5 	 7 	 3 	 9 	 14 	 10 	 11 	 12 	 13 
Top Depth I Thu Top Depth Thai Top Depth Thu Top Depth Thai Top Depth 

E227.1 

 Top Depth Thu Top Depth Thai Top Depth Thai Top Depth Thu Top Depth Thu Top Depth Thu Top Depth Thu Tap Depth Thu Top Depth Thu 

	

00 133 	00 	57 	00 	57 	00 	19 	00 	00 	30 	00 	98 	00 117 	00 	69 	00 	53 	00 133 	00 142 	00 100 	00 	31 
Member 	 13.3 16.3 	5725.5 	5.7 27.2 	1.9 26.2 	4.1 	3.0 27.8 	9.8 26.8 	11720.8 	6932.8 	5.3 28.5 13.3 17.3 	142 19.4 	10.026,1 	3.1 26.1

op 	op 	op 	an 	op 	op 	op 	op 	op 	op 	np 	op 	op 	op 	op 	6.9 	4.4 	op 	an 	op 	op 	op 	an 	op 	an 	op 	i 
op 	op 	5.7 	1.6 	5.7 	2.9 	1.9 	2. 	41 	2.8 	3.0 	2.2 	9.8 	2.4 	 op 	op 	11.3 	4.1 	5.3 	3. 	 op 	op 	op 	an 	10.0 	1.4 	3.1 	1. 

Sumi,tIllii 	 op 	op 	7.3 	1.9 	8.6 	2.1 	3.9 	1.7 	6.9 	1.9 	5.2 	2.3 	12.2 	2.3 	 op 	op 	15.4 	2.0 	8.7 	2. 	up 	isp 	isp 	op 	11.4 	2.4 	47 	2.3 
Subunit ml 	 op 	op 	9.2 	5. 	10.7 	5. 	5.6 	5.9 	8.8 	5.7 	7.5 	6.6 	14.5 	5.5 	11.7 	4' 	17.4 	5.5 	11.1 	5.5 	13.3 	0. 	14.2 	2.6 	13.8 	5.3 	7.0 	5. 
Subunit lliii 	 13.3 	0.6 	15.1 	0. 	16.4 	0.7 	11.5 	05 	14.5 	0.8 	14.1 	1.1 	20.0 	0.8 	16.1 	0. 	22.9 	0.8 	16.6 	0.8 	13.7 	0.8 	16.8 	0.7 	19.1 	0.8 	12.4 	0. 
Subsmitllii 	 13.9 	1.5 	15.8 	1.0 	17.1 	1.0 	12.3 	1.5 	15.3 	1.3 	15.2 	0.8 	20.8 	1.1 	16.8 	1.1 	23.7 	1.1 	17.4 	1.2 	14.5 	1.5 	17.5 	1.6 	19.9 	1.2 	13.1 	1.5 
Submit 111 	 15.4 	3.3 	16.8 	3. 	18.1 	3. 	13.8 	3.3 	16.6 	3.5 	16.0 	3.8 	21.9 	3.7 	17.9 	3.9 	24.8 	4.0 	18.6 	4.1 	16.0 	3.9 	19.1 	3.7 	21.1 	4.2 	14.6 	3.8 
Subunit lv 	 18.7 	1.7 	20.5 	1. 	21.8 	1.5 	17.1 	1.6 	20.1 	1.5 	19.8 	1.2 	25.6 	15 	21.8 	1.4 	25.8 	1.1 	22.7 	1. 	19.9 	1.' 	22.8 	1.8 	25.3 	1.5 	18.4 	I. 
Subunit liv 	 20.4 	2.6 	21.9 	2.8 	23.3 	2.8 	18.7 	2.6 	21.6 	2. 	21.0 	3.0 	27.1 	2.7 	23.2 	2.6 	29.9 	2.9 	24.6 	2.3 	21.6 	2.5 	24.6 	2.3 	26.8 	2.6 	20.1 	2. 
Subsuitliii 	 23.0 	0. 	24.7 	0. 	26.1 	0.3 	21.3 	0.5 	24.3 	0. 	24.0 	0.5 	29.8 	0.5 	25.8 	0.' 	32.8 	0.5 	26.9 	0.5 	24.1 	0.5 	26.9 	0.6 	29.4 	0.6 	22.5 	0. 
Subunit lii 	 23.4 	4.9 	25.1 	5.0 	26.4 	5.2 	21.8 	5.1 	24.7 	5.0 	24.5 	4.9 	30.3 	4.9 	26.2 	4.9 	33.3 	4.6 	27.4 	4.8 	24.6 	4.7 	27.5 	4.7 	30.0 	4.7 	23.1 	4. 
Subunit 11 	 28.3 	1.3 	30.1 	1.1 	31.6 	1.3 	26.9 	1.1 	29.7 	1.5 	29.4 	1.4 	35.2 	1.' 	31.1 	1.3 	37.9 	1.7 	32.2 	1.5 	29.3 	1.3 	32.2 	1.4 	34,7 	1.4 	27.6 	1. 

	

29,626.0 	31.2 	18.2 	32,9 	25.7 	28,021.4 	31,225.8 	30.8 	18.5 	36.6 	12.8 	32.4 	17.0 	39.6 	9.8 	33.7 	15.7 	30,626.3 	35.6 	15.8 	36.1 	13.3 	29.3 	26.1 

	

1.3 	 13 	 1.4 	 1.. 	 1.5 	 1.4 	 1,3 	 1.4 	
1.8 	 1.6 	 1. 

	

43 	 1.' 	 0.8 	 0.' 	 0' 	 0.4 	 0.4 	 0. 	 04 
2.2 	 2.3 	 2.5 	 2.' 	 2.5 	 2.3 	 2. 	 2.3 	 2. 	 2.6 	 2. 

	

2.1 	 1.9 	 1.9 	 1. 	 2.1 	 2.1 	 2. 	 2.3 	 2.1 	 2.2 	 2.0 	 2.1 	 2.1 

	

3.3 	 3.4 	 3.3 	 3.3 	 3.3 	 3.2 	 3.3 	 3.2 	 3 	 3. 	 3 , 	 3.8 	 3. 

	

4' 	 4.0 	 3.6 	 44 	 4 

	

12. 	 12.3 	 12. 	 12.2 	 11. 

	

55.6 20.8 	 58.6 	11.8 	 57 22.4 	 56.9 22.5 	 55.3 24.1 
Nul 1ulcwsubaiusz(ca!nt9p) 	55.6 	1. 	 58.6 	3.3 	 57.0 	2. 	 56.9 	19 	 55.3 	2. 
AJILLtrnnue(cyaL1bso) 	57.5 	3.5 	 61.9 	2.3 	 59.0 	3.8 	 58,8 	3.' 	 582 	2. 
Wod L1mewsubent,r(cyc1etop) 	61.0 	5.9 	 642 	42 	 62.8 	5.5 	 62.1 	6' 	 60.4 	6 
ArgO Lanunuthi, (cyaie but) 	66,9 	7.5 	 68.3 	7. 	 6&5 	7.3 	 67.2 	7. 

Slait ivrlu 	 74.4 	2,0 	 75.7 	3.. 	 75.8 	 74.2 
EOR 	 76.41 	 494 	 704' 	 49.4, 	 79.4 	 49.3 	 49.41 	 4941,, 	494[ 	 49.4j 	 794 	 4941 	7941 



- 	High-Quality Limestone 

Potential High-Quality Limestone 

Potential Aggregate Rock 

NOTES 

1) See map for location of longitudinal section 
2) Horizontal scale: 1:10,000 
3) Vertical exaggeration: 20X 
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Paved highway 	 . 

Road or Traii 

EEevation oontou r (i n tery al = 10 m) 	 - 

Creek . 

Area of Outcrop 

I solateci OLT(CFOpS -----------------------------. . . 	c 

Locality (Halferdalil, 1985) ...................... 13 

Sample si(e(HaI1rdhL 1985)..................o 

Strike and dip of bedding ........................ 

Bounda:v of MAIM permit 9304030970 ......... L 	__ 

Iiafl:iflrj drill hoe number ...................... • FMMO4-05 

Location of cross-section ........................ 
A 

. 	.-- 

Symbols 

Notes 

1) Base rrap compiled from 1;2O.00Oscale digtaItopcgrphic map 74D143W 
tippried by Spatial Data Wrhciuse Ltci. Calgary, Alberl 
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Scale: 1:20000 







Symbol5 

Geological boundryapprox.) . 

Geological boundary (inferred) . 	 - - 

Area ofoutcrop 

Isolated outcrops 

Sample site (Norris. 1963) number 

Strike and dip of bedding . 

Boundary or MAIM permit 9304030970 ....... 

Section location; number 	.................. 	1204 

G P R way point location numbe(  ----------------- • 

GPR pr0fi1 	Ioction ............................ 

Note, 
I) 1E a-a p cmpiIedIrom 1:2OOO scale digital toporaphicrnap 74D14SW 

uppIied by Spatial Data Warehouse Ltd., Ca lgeTy, Alberta. 
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