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1.0. SUMMARY 

I The Devonian stratigraphy immediately underlying the oilsands in the Frontier Property is 
comprised of the Firebag Member of the Waterways Formation and is predominantly light 

I 
green argillaceous limestone with some intervals of more competent nodular limestone. The 
Slave Point Formation, which underlies the Firebag Member, is interpreted to be within 15 
metres of the base of the oilsands in a number of locations. The Devonian strata dips gently 

I 
towards the southwest within the property but switches to a gentle northeasterly attitude 
immediately east of the property. The argillaceous limestone of the Firebag Member is 
potentially suitable for low-permeability liner applications while the nodular limestone 

I 

	

	
intervals are potentially suitable for pit-run and sub-base applications. The Slave Point 
Formation has potential for high-grade, specification aggregates. 

2.0. INTRODUCTION 

I 
This report describes the results of assessment exploration conducted on Hammerstone 

I Corporation's Frontier Permit Block (Frontier Property) in northeastern Alberta during 2011. 
Three Metallic and Industrial Mineral Permits cover the area TWP 99, 100 and 101, Range 
11W4. Hammerstone holds these permits primarily to retain the rights to aggregate 

' production from the Devonian rock immediately underlying the oilsands. The Frontier 
Property overlies an area where SilverBirch Energy Corporation (SilverBirch) and Teck 
Resources Ltd. (Teck) intend to develop an open-pit oilsand mine which will produce up to 

I 

	

	290,000 bbls/d (SilverBirch, 2011). Similar oilsand projects in the region require large 
amounts of aggregate and Devonian rocks are an established source of these aggregates. 

Because Devonian rocks do not outcrop within the Frontier Property it was necessary for the 
exploration program to focus on subsurface geological information, primarily downhole 
geophysical logs and drill core from oilsand exploration. Much of the work utilized publicly 
available data from the Energy Resources Conservation Board (ERCB). 

1 
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1 	3.0. MINERAL ASSESSMENT EXPENDITURE BREAKDOWN BY 
TYPE OF WORK 

$150,000 
$149,578 

Estimated Expenditure (Statement of Intent to File) 
Actual Expenditure 

I 
Athabasca River Field Work 

I 	Down hole Geophysics Log Examination 
Drill Core Examination 
Data Compilation and Interpretation 

U 	Administration 

TOTAL 

I 
I 
I 
I 
I 
I 
I 

$28,378 
$59,650 
$19,577 
$28,375 
$13,598 

$149,578 

Signed, Gerald Kozdial, P.Geol. 
Date: 	 brcAiO 2q17.. 

Signed, Glen Depaoli, P.Geol. 

Date: 	 j 0 	2..CI 2—. 
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4.0. REGIONAL GEOLOGY 

The Frontier Project Area is underlain by Quaternary deposits, Phanerozoic sedimentary 
rocks and Precambrian crystalline rocks. The following is a stratigraphic column of the 
Frontier Project Area, modified from Dufresne et al. (1994), Cotterill and Hamilton (1995) 
using information from field observation, drill core analysis and lithological core logs of drill 
holes within the study area. 

Period 	Deposition 	Group 	 Formation 	 Member 

Interval  

Quaternary 	Present to 

1.6 Ma 

Upper 	 91.0 Ma 	Colorado 	Second White Speckled (La Piche) 

Cretaceous 	 Fish Scab 

Viking (Pelican) 

	

97,5 Ma 	 Joli Fcu  

Lower 	 103 Ma 	Mannville 	Grand Rapids 	 Upper 

Cretaceous 	Lower 

Clearwater  

	

113 Ma 	 Wabiskaw 

	

119 Ma 	 McMurray 	 Upper 

Middle  

Basal /Lower 

Upper Devonian 	372 Ma 	BeaverhiliLake Waterways 	 Mildred 

Moberly 

Christina 

Calumet 

	

374 Ma 	Firebag 

Slave Point 

Fort Vermilion 

Middle 	 Upper Elk Point Watt Mountain 

Devonian 	 Prairie 

Met hy  

	

401 Ma 	Lower Elk Point La Lcche/ McLean River 

Precambrian 	570 Ma 

Figure 4.1. Stratigraphic column of the Frontier Project Area. 
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4.1 PRECAMBRIAN 

The Precambrian crystalline rocks underlying the permit area belong to the Taitson 
Magmatic Zone, a 150 to 200 km wide, north-trending belt of strike-parallel, tightly 
corrugated, positive aeromagnetic anomalies that are contained within broader 
aeromagnetic lows (Thériault and Ross, 1991). The Taltsori Magmatic Zone has been dated 
to between 1.932 to 1.975 Ga (Ross et al., 1989; McNicholl et al., 1993; Villeneuve et al., 
1993). 

4.2 PALEOZOIC 

Paleozoic sedimentary rocks are not exposed within the study area, the nearest outcrops 
occur along river valleys to the south and east. The Paleozoic rocks form an unconformity-
bounded, eastward thinning wedge of predominantly carbonate, evaporite and clastic 
sediments that include the Elk Point and Beaverhill Lake groups. 

Lower Elk Point Group 

The oldest Devonian unit in the region is the Lower to Middle Devonian Elk Point Group 
which has been subdivided into Lower and Upper subgroups. The Lower Elk Point Group 
consists of the La Loche/McLean River Formation, There were no drill holes deep enough to 
penetrate the Lower Elk Point Group in the study area. 

LaLoche / McLean River Formations 

The LaLoche / McLean River formation consists of a fining upwards sequence of red 
sandstone,red and green sandy shales and green shale with anhydrite/gypsum. Sediment 
thickness and facies were controlled by the Peace River Arch suggesting the Arch was active 
and elevated during the Lower Elk Point deposition time. (Abercrombie and Feng, 1997). 

Upper Elk Point Group 

The Upper Elk Point Group conformably overlies the McLean River Formation and contains 
the Methy (or equivalents Winnipegosis and Keg River) Formation, the Prairie Formation and 
the Watt Mountain Formation, the youngest Middle Devonian unit. There were no drill holes 
deep enough to penetrate the Upper Elk Point Group in the study area. 

Methy Formation 

The Methy Formation comprises reef to non-reefal, massive to bedded dolostone, dolomitic 
limestone and minor anhydrite and gypsum. (Cotterill and Hamilton, 1995). 

Prairie Formation 

The Prairie Formation comprises salt and gypsum/anhydrite with thin beds of shale and 

4 
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dolostone and occurs only to the west of the salt dissolution front (Cotterill and Hamilton, 
1995). 

Watt Mountain Formation 

The dolomitic shales of the Watt Mountain Formation disconformably overlie the salt 
sequence and may be more properly included in the overlying Beaverhill Lake sequence. 

Beaverhill Lake Group  

Upper Devonian Beaverh ill Lake Group rocks disconformably overlie the Upper Elk Point 
Group. These rocks include the Fort Vermilion, Slave Point and Waterways Formations. 

Fort Vermillion Formation 

The Fort Vermilion Formation comprises interbedded (50-100 cm) and finely laminated 
anhydrite, green to brown shale, gray and cream coloured limestone and light brown 
dolostone. 

Slave Point Formation 

The Slave Point Formation is characterized by light brown laminated to nodular limestone 
with thin, dark brown, bituminous, carbonaceous shale beds. The base of the formation is 
marked by a fine-grained calcareous quartz sandstone, 70 to 90 cm thick, that grades 
upwards into the limestone. 

Waterways Formation 

The Waterways Formation has been subdivided into 5 Members. The lowermost Firebag 

I  Member consists of a basal green argillaceous limestone unit that is overlain by repeated 
sequences of argillaceous limestone grading upwards into interbedded limestone and 
argillaceous limestone then grading into nodular limestone; it is up to 50 m thick. Overlying 

I  the Firebag Member is the Calumet Member, comprising fossiliferous, light green to brown 
nodular limestone with argillaceous intervals, with a maximum thickness of 32 m. The 
Christina Member overlies the Calumet member and is up to 26 m thick. It consists of a 

I  
lower unit of green-gray argillaceous limestone with rare fossils and limestone lamina and an 
upper unit of interbedded limestone and argillaceous limestone with abundant 
intraformational conglomerates and hardground surfaces. The Moberly Member is next in 

I  
succession and is composed primarily of brown nodular limestone overlain by a porous, 
bitumen-stained, bioclastic limestone; the maximum thickness attained is 60 m. The Mildred 
Member is the youngest Waterways Formation unit and contains variably argillaceous 
nodular lime mudstones and argillaceous limestones; it is up to 45 m thick (Cotterill and 

I Hamilton, 1995). 

I 	
The top of the Devonian is marked by an erosional unconformity; it is postulated that several 
periods of subaerial erosion and karsting have affected the limestone at the unconformity 
(Dufresne et al., 1994). 

I 
5 
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4.3 CRETACEOUS 

Cretaceous rocks in the Frontier Permit area are predominantly siliciclastic sediments 
reaching 500 m in thickness. Cretaceous units include the Mannville and Colorado Groups. 

Mannville Grou; 

The Lower Cretaceous sediments of the Mannville Group overlie the post-Devonian 
unconformity. In the permit study area, the Mannville Group comprises the McMurray, 
Clearwater and Grand Rapids formations. 

McMurray Format/on 

The McMurray Formation combined with the overlying Wabisca are the major host of the 
Alberta oilsands. The McMurray formation was originally broken down into 3 units; these 
included the Lower, Middle and Upper McMurray Formation (Carrigy, 1959). Recent report 
show that units formerly defined as Middle and Upper McMurray show no difference in age, 
and any fades variations appear to relate to paleogeographic controls (Hein et al, 2000). 
The Middle and Upper McMurray are now considered as a single unit. The McMurray is up to 
60m in thickness in the study area. 

Clearwater/ Wabiskaw Format/on 

The McMurray Formation is conformably overlain by Clearwater Formation shale and 
glauconitic sandstone, up to 100 m thick (Dufresne et al., 1994). The lower Member of the 
Clearwater is known as the Wabiskaw. The Wabiskaw can be up to 35m thick, but is typically 
lOm thick in the McMurray region. 

Grand Rapids Formation 

The Grand Rapids comprises the upper part of the regressive Mannville Group and consists 
dominantly of lithic sandstone, laminated siltstone and silty shale with thin coal beds 
deposited in near-shore to marine environments with a maximum thickness of 100 m 
(Dufresne et al., 1994). The Grand Rapids is bitumen bearing to the distant south west of 
Fort McMurray. 

Colorado GroulD 

The Mannville Group is conformably overlain by sediments of the Upper Cretaceous Colorado 
Group, including the Joli Fou, Viking (Pelican), Fish Scale and Second White Speckled (La 
Biche) Formations. 

Jo/i Fou Format/on 

The Joli Fou formation transgressively overlies the non-marine Mannville Group. The Joli Fou 
is a 20m thick marine deposit of shale with minor sandstone lenses. The formation coarsens 

6 
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northward and is generally non-calcareous (Wickenden, 1949). In the study region, the Joli 
Fou is conformably overlain by the Viking (Pelican) formation. 

Viking (Pelican) Formation 

The Viking Formation in general, consists of interbedded units of mudstone, sandy 
mudstone, interbedded sandstone-shaley siltstone, fine to medium-grained shaley and clean 
sandstone, coarse-grained to conglomeratic sandstone, and conglomerate. In general, less 
than 25 percent of the total Viking interval is made up of clean, relatively porous sandstones 
and conglomerates. Over 75 percent of the Viking sequence, although containing significant 
intervals of coarse clastic detritus, is relatively silty, shaley and not very porous or 
permeable. The Viking becomes progressively thinner and shaley to the east and northeast. 
In this region, the Viking is represented almost entirely by silty shale but is still 
distinguishable on wireline logs (Rud kin, 1964). In study region in northeastern Alberta, the 
correlative Pelican Formation contains coarsening-upward sequences of bioturbated, 
predominantly shaley deposits several metres thick. It consists of thin-bedded graded 
sandstones interbedded with mudstones and shales, and minor fine to medium-grained 
glauconitic sandstone beds (Glass, 1990). 

Fish Scale Formation 

The Fish Scale formation overlies the Viking Formation. The Fish Scale formation was 
originally a regional widespread marker bed in the Western Canadian Sedimentary Basin, 
within the Shaftsbury Formation known as the Fish Scale Marker Bed (FSMB), The newly 
defined Fish Scales Formation includes strata previously assigned to the zones referred to as 
Base of Fish Scales, Fish Scales Marker Bed, Fish Scale Sandstone and Fish Scales Zone 
(Leckie et al., 1992; Bloch et al., 1993). The Fish Scales Formation is a finely-laminated, 
non-calcareous claystone to mudstone generally less than 20 m in thickness. Fish remains 
and algal cysts are abundant and bioturbation is sparse to nonexistent. The boundary 
between the Westgate and the Fish Scales formations is marked by a thin, parallel or cross-
laminated sandstone or pebble layer with abundant fish teeth, vertebrae and scales known 
as the bone bed (Leckie and Singh, 1991; Leckie et al., 1992; Bloch et al., 1993, 1995). 

Second White Speckled Formation 

I 	
The Upper Cretaceous Second White Speckled Formation directly overlies the Fish Scale 
Formation on the western side of the permit study area. The Second White Specks 
Formation is a basin wide marker named from early drillers' reports of abundant white 

'  specks in the shale, now known to be sand-sized fecal pellets comprising coccoliths and 
coccospheres, concentrated by currents. The Early to early Middle Turonian aged formation 
is comprised of a calcareous claystone to siltstone and is approximately 90 m thick in the 
Peace River Arch area and thins to about 25 m at the Saskatchewan - Manitoba border. It 

I appears to correspond to a global anoxic event and maximum sea-level rise that occurred at 
the end of the Cenomanian (Kauffman, 1977). 

I 
I 	

7 

I 



Flammerstone 
cccr in: 	 Frontier Project 

	
2011 / 2012 Assessment Report 

4.4 QUATERNARY 

Quaternary sediments in the Frontier study area consists of glacial, glacio-fluvial and alluvial 
deposits. Erosional features are also prominent in the area. In general, accumulations are 
thickest on elevated areas and thinnest on lowlands and along rivers. The Quaternary 
deposits primarily consist of hummocky and colluviated moraines. These moraines contain 
tills of various composition of mixed sand, silt, clay and may contain some gravel. The 
hummocky moraines trend in a NE-SW direction, correlating with the direction of regional 
ice-flow. Alluvial fans are present between the moraines. On the east side of the study area, 
along the Athabasca River, outwash sands and gravels are present. Thickness of Quaternary 
material varies considerably over the study area from zero to at least 40m (Bayrock, 1970). 

8 
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5.0 EXPLORATION 

5.1 INTRODUCTION 

U 	Exploration of the Frontier Property focused on the aggregate potential of the Devonian 
stratigraphy immediately underlying the oilsands. Because there are no known outcrops of 
Devonian rocks on the property (SilverBirch, 2011, Pers. Comm., Silverbirch Staff, 2011) it 

U  was necessary for the exploration program to focus on sub-surface geological information 
and the closest available outcrops. The exploration program consisted of three main 

components: 

I 	• Field examination of outcrops along the Athabasca and Pierre Rivers. 

I 
	• Examination of down hole geophysical well logs from the ERCB Database 

• Examination of drill cores held at the ERCB core facility in Calgary 

The field work examined a number of outcrops of Devonian rocks exposed along nearby 

I rivers and stratigraphic sections were described. The geophysical well logs were used 
primarily to establish the regional geological setting of the Frontier Property as well as to 

I  
identify those cores which would be useful to examine and log. Core logging focused on 
establishing the local stratigraphic succession for Frontier and identifying those intervals with 
potential for aggregate production. 

5.2 ATHABASCA RIVER FIELD WORK 

During early May, 2011, field work was conducted along the Athabasca River in the area 
south and east of the Frontier Property. The Devonian outcrops in this area constitute the 
closest available exposures of rocks of potentially stratigraphic equivalence to those within 
the Frontier Property. Most of these outcrops have been previously described, (Norris, 
1963) but never assessed for aggregate potential. It is believed that one outcrop, located 
along the Pierre River approximately 1 km upstream of the confluence with the Athabasca 
River, has not been described in previous literature. Some time was spent searching for 
additional Devonian outcrops along the Athabasca River, from the Pierre River confluence 
downstream to the Firebag River confluence, and along the Pierre River, but none were 
found. 

Three outcrops provided sufficient exposure to assemble stratigraphic sections, the first (the 

U "Athabasca River Outcrop") is located along the west bank of the Athabasca River just North 
of Pierre River Confluence (outcrops 101 and 102 of Norris, 1963), the second (the "Pierre 
River Outcrop") is located along the north bank of the Pierre River, approximately 1 km 
upstreamof the confluence with the Athabasca River, and the third (the "Daphne Island 
Outcrop") is located along the east bank of the Athabasca River just north of Daphne Island 
(outcrops 103 and 104 of Norris, 1963). Figure 5.2.1. shows the location of these three 
outcrops, Figure 5.2.2 to 5.2.4 are stratigraphic sections of the three outcrops, and Figures 
5.2.5 to 5.2.12 show photographs of the outcrops. 

I 
9 
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R13 	R1E 	R11 	RiO 	P9 	RB 

Figure 5.21. Location of major outcrops examined during the 2011 field  work. 
Frontier Property in red. 
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LITHOLOGICAL LEGEND (A.M.= argillaceous mareriaf) 

Argillaceou5 Limestone, >50% AM. 

Interbedded Limestone/Argillaceous Limestone. 25 - 50% A.M. 

Fossiliferous Limestone. 0 - 10% A.M. 

Aggregate 
Potential 

Low-Perm 
Liner 

Sub-Base 

Low-Perm 
Liner 

Description 	Unit 	Lithology 

Light green argillaceous Ims 	
2i with rare Ims beds to 1 Oem, 	6 rn 

Well laminated interbedded 
light green-tan Ims and light 
green argilraceous Ims beds- 
Bedding2-lOcm. Rare 	 - 
fossil observed- Rusty 	 - 
weathering on some lms 	 - 
beds. 30-40% A.K. 

Light green to light tan 
argillaceous Ims. Poorly 	4 	7 

exposed. 
Partially 
Covered 

Spec. 	Light tan to light blue-grey biolurbated 
icasililerous massive Im. Abundant 	3 Agg, 	brachiopod shells Light tan wealhering 

I 

Low-Perm 
Liner 

Spec. 
Agg. 

Light green to light tan 
argillaceous lms. Thin 
(<5cm) nodular beds. 

White-brown bioturbated 
fossiliferous massive Ims. 
Light tan weathering. 

2 

05r 	iiii 

1 

Partially 

J Covered 

River 
Level 

I 
	

Figure 5.2.2. Strat':qraphic section of the rli4thabasca  River Outcrop ' 

I 
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LITI-IOLOG1CAL LEGEND (AM. = argillaceous material) 

Oilsand 

Argillaceous Limestone > 50% A.M. 

Fossiliferous Limestone. 0 10% A.M. 

Description 	Unit 	Lithology 

Coarse grained ailsand. 	 - 
Large-scale cross-bedding 
(outcrop approximately 20m 4 35 

east of section below) 

Light green to light tan 

Low-Perm 	argillaceous Ims. 	3 
Liner 	Occasional hardground 

surface and blackened 	l2p 	---- 	 Pooriy Exposers 

clasts. Poorly Exposed. 

Light tan-grey lmswith 
abundant whole brachiopods \ 

Sub-Base 	and several fossil hash 	\ j_ ______________________ 
lamina. 	 2 	 Creek 

Low-Perm 	Light green argillaceous ms. 1 	
1 •  i • 	I I

--Level 

Liner 	
1 

F(qure 5.2.3. 5tratiiraphic section of the 'Pierre River Outcrop " 

Aggregate 
Potential 

n . a. 

12 
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L1THOLOGICAL LEGEND (AM. = argillaceous material) 

	

OilsandiSilicified Sandstone 	 Fossiliferous Limestone. 20 - 30% AM 

	

El ArgiLlaceous Limestone > 50% A.M. 	 Fossiliferous limestone. 0 - 10% A.M. 

Aggregate 

	

Potential 	Description 	Unit 	Lithology 

Cosrse•çr5isd eilsw,d vilth l enses of silierfied sddeons. 4  

	

Low-Perm Liner 	 WEhItor. 	 3 	O.4M :-:-:--:-:-- 

Sub-Base 	Ught ge'-brown Ilnieslone. Weathers light 
orange. Abundant whole frrachirrpod shells. 2.3 

River 
Level 

LJghI grey-bue braclIopod-itch bloturbotecf 
lirriestone Weathers lighi ten-orange. 

Figure 5.2.4. 5tratiqraphic section of the 'Daphne Island Outcrop 
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Figure 5.2.5. 	The 'Athabasca River Figure 5.2.6. Unit 1 of the "Athabasca River 
Outcrop' located along the west bank of the Outcrop ' 
Athabasca River just north of the Pierre 
River confluence. 

Figure 5.2.8. Sottorn half of the "Pierre River 
Outcrop ' 

Figure 52.7. Unit 5 of the 
"Athabasca River Outcrop' 

14 
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Figure 5.2.10. Blackened clasts from the 
middle of the "Pierre River Outcrop " 

Figure 52.9. Top half of the "Pierre 
River Outcrop ' 

figure 5.2.11. The "Daphne Island Outcrop" Figure 5.2.12. Silica-cemented Sandstone at 
looking north. 	 the top of the "Daphne Island Outcrop ' 

15 
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The lithologies of the three outcrops show similarity specific sections of Hammerstorie's 
Muskeg Valley Quarry and therefore tentative conclusions about aggregate potentials were 
made. The argillaceous limestones which dominate the Athabasca River Outcrop" and 
Pierre River Outcrop" lack the competency to make higher quality specification aggregates, 

but similar argillaceous limestone intervals in the Muskeg Valley Quarry have been shown to 
produce a very low-permeability liner material (permeability less than 10.10  mis, Birch 

Mountain Resources, 2006). The nodular limestone and interbedded limestone / argillaceous 
' intervals at all three outcrops have an argillaceous content and lithological characteristics 

similar to intervals in the Muskeg Valley Quarry that have been utilized as sub-base in a 
number of applications. The "cleaner" (less argillaceous) nodular limestone beds, although 
thin, are similar to intervals in the Muskeg Valley Quarry that have been used to make a 

I variety of specification aggregates. 

I 
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5.3 DOWN HOLE GEOPHYSICAL WELL LOGS 

Hundreds of down hole geophysical well logs were examined from the Frontier Property and 
surrounding area in order to establish the local geological setting of the property and to 
identify those cores which would be useful to examine and log. These logs are from a public 
database administered by the Energy Resources Conservation Board (ERCB) which holds 
information from every oil and gas exploration well in Alberta. In many cases the tops of 
geological units were re-interpreted from the "system picks" of the database. 

I 	
It was necessary to use geophysical well logs from outside the Frontier Property to establish 
the local geological setting. Although there are over 500 drill holes on the property from 
ollsands exploration, they rarely penetrate more than a few metres into the Devonian strata 

I and because the lithologies of the different Members within the Waterways Formation can 
visually be very similar, is not possible to determine stratigraphic position from such short 
intervals. 

The local geological setting is shown in Figures 5.3.1 to 5.3.5. The Firebag Member of the 
Waterways Formation underlies the oilsands throughout most of the Frontier Property with 
the Calumet Member underlying parts of the western edge. Strata dips gently to the 
southwest within the property but switches to a gentle northeasterly attitude immediately 
east of the property. This "role-over" of the regional dip of the Devonian stratigraphy is 
likely associated with dissolution of the Prairie Formation evaporite rocks (Mossop and 
Shetson, 1994) Devonian rocks are closest to the surface in the southeastern corner of the 
property where they are 10-15 metres below surface. The southeast corner of the property 
is also a structural high in the Devonian stratigraphy, and the Slave Point Formation, which 
underlies the Firebag Member, is closest to surface here as well. 

1 
I 
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Figure 5.3.2. Cross -Section 6380000 North. 25x Vertical Exaggeration. 
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Of the more than 600 oilsand exploration drill holes on the Frontier Property and adjacent area, 
35 were selected for examination and lithological logging. These holes were selected because, 
1) core for them was available at the ERCB core facility in Calgary, 2) they represented the 
thickest Devonian core intervals available and, 3) the down hole geophysical logs indicated they 
may have distinctive, correlateable intervals. A number of cores from outside of the Frontier 
Property were also examined and in some cases logged in order to facilitate stratigraphic 
correlation through the Property. The location of the cores examined is given in Figure 5.4.1. 

The core logs are given in Appendix A. 

The core logging focused on aggregate potential rather than utilizing standard carbonate rock 
description methods. Of particular interest for aggregate potential is the proportion of 
argillaceous material (A.M.) which has been shown to correlate directly with aggregate quality 
(Birch Mountain Resources Ltd., 2004), How structurally disturbed the rock is, (fracturing, 

brecciation, karsting) is also relevant. 

The drill core logging supports the indication from the down hole geophysical logs that the 
Devonian strata immediately underlying the oilsands in the Frontier property belongs to the 
Firebag Member. This conclusion is based on the preponderance of light to medium green, 
argillaceous limestone and the lack of thick (>5m) clean nodular limestone intervals which 
characterize the Calumet and Moberly Members. The lack of a hole which cored both an 
unequivocal correlateable horizon, such as the Slave Point Formation or the top of the Calumet 
Member, and the entire portion of the Waterways succession present within Frontier, hampered 

stratigraphic correlation. 

The majority of the cores from Frontier were quite argillaceous, likely suitable for low-
permeability liner (see section 5.2) and possibly some pit-run and sub-base applications. A 4-5 
metre-thick interval of more competent nodular limestone identified in cores AB/02-09-100-
11 1W4, AA/05-22-100-11W4, AA/10-12-99-11W4 and AA/12-03-100-11W4, might be suitable 
for better quality aggregates. It is believed this interval extends throughout the property, but 
this is difficult to confirm due to the lack of stratigraphic correlation as described above. The 
down hole geophysical Jog from hole 00/02-3599-13W4 to the west of the Property, indicates 
this interval likely correlates with a lower gamma-ray (less argillaceous) interval approximately 
15 metres above the top of the Slave Point Formation. 

The majority of core showed only slight structural disturbance. However, cores AA/02-15-100-
11W4 and M/07-24-100-11W4 were completely brecciated throughout the Devonian interval, 
and cores AA/02-04-100-11W4, 03-20-101-11W4, AA/03-21-101-11W4, AA/10-23-99-10W4, 
AA/10-27-101-11W4 and 12-10-100-11W4, showed significant structural disturbance. 

The Slave Point Formation underlies the Firebag Member (see section 4.0) and is comprised of 
competent limestone which has the potential to make high quality aggregates. The Slave Point 
Formation was not observed in any of the drill cores or down hole geophysical logs within the 
Frontier Property, but is interpreted to be within 15 metres of the top of the Devonian 
stratigraphy in a number of locations (see above). 
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6.0 CONCLUSIONS 

1. The Devonian stratigraphy immediately underlying the oilsands in the Frontier Property is 
the Firebag Member of the Waterways Formation. 

I 	2. The lithology of the Firebag Member within the Property is predominantly light green 
argillaceous limestone with a 4 to 5 metre-thick interval of more competent nodular limestone 
near the base. 

3. The lack of a hole which cored both an unequivocal correlateable horizon, such as the Slave 
Point Formation or the top of the Calumet Member, along with the entire portion of the 
Waterways succession present within Frontier, hampered stratigraphic correlation. 

4. The Slave Point Formation, which has potential for high-grade aggregates, is interpreted to 
be within 15 metres of the top of the Devonian stratigraphy in a number of locations. 

5. Devonian Strata dips gently towards the southwest within the properly but switches to a 
gentle northeasterly attitude immediately east of the property. 

6. The argillaceous limestones which predominate the Devonian stratigraphy is likely suitable 
for low-permeability liners and possibly pit-run and sub-base applications. The nodular interval 
interpreted to be near 15 metres of the base of the Firebag Member has potential to make sub-
base and specification aggregates. 

I 
I 
I 

25 



I 
I 

Itammerstune 
critor Frontier Project 2011 / 2012 Assessment Report 

7.0 QUALIFICATIONS 

Glen Robert De Paoli, P.Geol. 
President, Palliser Geoscience Ltd. 

40 Hawkeye road 
P.O. Box 1288 

Bragg Creek, Alberta 
TOL OKO 

glen.deaoli@ralliserceoscience.com  
(403) 680-5929 

I, Glen De Paoli, P.Geol., am a member in good standing of the Association of Professional 

I 

	

	Engineers, Geologists and Geophysicists of Alberta (APEGGA), member number 58493. I am 
the Responsible Member for Palliser Geoscience Ltd., Permit number 10892. 

I I hold a Bachelor of Science (1988) and a Masters of Science (1994) from the University of 
Calgary, Alberta. 

I have been working in the geological field since 1981. My areas of experience and expertise 
include base and precious metal exploration, diamond exploration, oil and gas exploration, 
electron microscopy, regulatory and technical reports and open pit mine planning and 
aggregate production. 

I have been working on the geology of Northeastern Alberta for more than 15 years and have 
examined hundreds of drill cores and well logs. I have been working on the Muskeg Valley 
Quarry project since 2001. 
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Glen De Paoli, P.Geol. 
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Date: 	 Lc 	7 I L 
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Gerald Frank Kozdial, B.Sc., P.Geol 
Project Geologist, Hammerstone Corporation 

2681 Hochwald Court S.W. 
Calgary, Alberta 

T3E 7M3 
cieraldkozdial©hammerstonecorn.com  

(403) 297-1676 

I, Gerald Frank Kozdial, certify and declare that I am a member in good standing with the 
Association of Professional Engineers, Geologists and Geophysicists of Alberta, Member Number 
74901. 

I graduated with a Bachelors' Degree in Science, Department of Geology, from the University of 
Calgary in 2002. 

I have been working in the field of geology since 1995. I have experience in exploration for 
precious metals and industrial minerals, geochemical and analytical research in precious and 
base metals and QA/QC analysis with industrial minerals. I have organized and worked on 
numerous exploration and development projects. 

I have worked in the Athabasca Region since 1997 and on the Muskeg Valley Quarry project 
since 2002. 

I reside at: 257 - 22nd Avenue NW, Calgary, Alberta, T2M-1N2 

Dated in Calgary, Alberta, this 6th day of March, 2012. 

U Gerald KiTB.5c, P.Geol. 
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Frontier Drill Core Lithological Log 	
January, 2012 

Core Logging Key 

Lithological Classification 
% A.M. Lithology 

0-5 	Massive Lms 
5-10 	Clean Nodular Lms 
15-30 	Nodular Lms 
30-50 	Argillaceous Nodular Lms 
>50 	lArgilaceous Lms 

Numerical Ranking 
Rank 	Structure 

0 	None observed 
1 	Minor fracturing 
2 	Localized moderate fracturing 
3 	Moderate fracturing over 1 - 5m 
4 	Localized intense fracturing/brecciation 
5 	Intense fracturin/brecciation over 1 - 5m 

Abbreviations 
A. M. 	Aigillaceous Material 
Brach 	Brachiopods 
E.O.H. 	End of Hole 
H.G 	Hard Ground 
I.F.0 	Intra-Formational Conglomerate (rip-up clasts) 
Lms 	Limestone 
Strom 	Stromatoporoid 

Bioturbation 
None observed 
Rare bioturbation 
Scattered bioturbation throughout 
Moderate bioturbation 
Local intense bioturbation 
No oriainal der3ositional structures remaini 
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Frontier Drill Core Lithological Log 
UWI: 	AA/O1-17-l01-11W4 
Ground: 	334.2 m 
Devonian: 210.7 m 

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation Lithology 	 Description 

123.05 	 124.05 	1.00 100 11f0 	85% 	0 	 1 	 Argillaceous Lms 	 tins < 1cm, argillaceous Ims >5cm. Grey, thinly laminated 
arilIaceous Ims. 

124.05 	 124.10 	0.05 100% 	30% 	0 	 1 	 Fossiliferous Blackened 	Crinoids and brach shells. 
Interval  

124.10 	 124.50 	0.40 100% 	8011/0 	0 	 1 	 Argillaceous Lms 	 Lms 1-3cm, argillaceous Ims >5cm. Grey argillaceous Ims is 
more competntand not thinly laminated 

124.50 	 125.80 	1.30 100% 	8011/0 	 1 	 1 	 Argillaceous Lrns 	 Thin laminar argillaceous lms 3-5 cm thick, Ims < 1cm. 1 cm 
H.G. 	124.95m. There is pyrite in the HG.. 1.F.0 
125.10m and from 125.7m to 125.8m. 

125.80 	 126.20 	0.40 100% 	550/0 	 1 	 1 	 Argillaceous Nodular Lms 	Ims 1cm, argillaceous lms 1-2cm thick. Section goes from 
nodular to thin argillaceous Ims at very bottom of section. 

126.20 	 126.25 	0.05 1000/b 	35% 	0 	 1 	 Fossiliferous Blackened 	Small cnnoids and brach shell frags. 
Interval  

126.25 	 126.40 	0.15 100% 	35% 	0 	0 	 Argillaceous Nodular Lms 	1-2 cm Ims nodules in a <1cm argillaceous lms. argillaceous 
Ims is not laminar. 

126.40 	 126.45 	0.05 100 11/0 	10% 	0 	3 	 Fossiliferous Blackened 	Heavily bioturbated interval with small crinoid fragments.  
Interval  

126 	 127.10 	0.65 100% 	300/b 	0 	 1 	 Nodular Lms 	 Blackened fossiliferous interval from 126.45 - 126.55m. Lms 
1-2cm and is dark grey. argillaceous Ims <1cm and also dark  
grey. Limestone is quite tabular, almost interbedded. 

127.10 	 127.50 	0.40 100 0/a 	500/a 	1 	 0 	 Nodular Lms 	 Blackened fossiliferous interval from 127.1 - 127.12m. One 
blackened I.F.C. clast. Lms < 1cm, argillaceous Ims < 1cm 
thick. Lms is quite tabular. 

127.50 	 127.55 	0.05 100% 	15% 	0 	 1 	 Fossiliferous Blackened 	Small crinoids and brach shell frags. 
Interval  

127.55 	 130.35 	2,80 100% 	40% 	2 	3 	 Argillaceous Nodular Lms 	Lms < 1cm, argillaceous Ims < 1cm. Section is quite 
fractured, could be from drill. Vertical bioturbation from 
127.95 - 128.05m, bottom 2cm is pyritized. Small bed of 
small brath shells Cã 179 .ccm 

130.35 	130.36 	0.01 	100% 	10 11/0 	 1 	 1 	 Fossiliferous Blackened 	No fossils, just a blackened interval. 
Interval  

130.36 	130.80 	0.44 	100% 	250/o 	2 	 2 	 Argillaceous Nodular Lms 	Lms 1-2 cm, argillaceous lrns < 1cm. 
130.80 	132.25 	1.45 	100% 	60% 	D 	2 	 Argillaceous Lms 	 Non laminated argillaceous Ims with small rounded Ims 

dasts. Thin 1.F.0 	131.5m. 
132.25 	132.30 	0.05 	100% 	25% 	0 	3 Fossiliferous Blackened 	I.F.0 with abundant large brach shells and bioturbation. 

 Interval 	 Several small pyrite blebs. 
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From 	 To 	Thicknes5 Recovery We A. M. Structure Bioturbation Lithology 	 Description 

132.30 	133.15 	0,35 	100 11/0 	85% 	1 	 0 	 Argillaceous Lms 	 Pooly developed I.F.0 @ 133.05. Lms '-1 cm, argillaceous 
Ims > 5cm. Thick laminated argillaceous Ims with 
occassional 1cm tabular Ims bands. 

133.15 	133.90 	0.75 	100 11/0 	95/ 	3 	 1 	 Argillaceous Lrns 	 Finely laminated argillaceous Ims with occassional thin 
     tabular Ims beds. Lms << 1. cm, argillaceous Ims >5cm. 

133.90 134.15 0.25 100 0/0 85% 0 3 Argillaceous Lms Argillaceous Ims appears to have been laminated but 
disrupted by bioturbation. argillaceous Ims contains 
occasional angular Ims clasts the are randonly positioned. 

134.15 	134.30 	0.15 	1000/0 	85% 	0 	1 	 Argillaceous Lms 	 Finely laminated argillaceous Ims with occassional thin 
  tabular Ims beds. Lms << 1 cm, argillaceous lrns >5cm. 
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Frontier Drill Core Lithological Log 	
December, 2011 

UWI: 	AA/01 -30 - 101 - 11W4 
Ground: 	359.9 m 
Devonian: 241.2 m 

From 	 To 	Thickness Recovery No A.M. Structure Bioturbation Lithology 	 Description 

114.85 	118.75 	3.90 	100 11/0 	n.a. 	2 	na. 	 Clay 	 Medium grey coloured clay. 

118.75 	118.85 	0.10 	100 11/0 	10% 	2 	na. 	 Siderite 

118.85 	120.00 	1.15 	100% 	900/0 	2 	2 	 De-calcified Lms 

120.00 	121,40 	1.40 	100 0/0 	90% 	2 	 1 	 Argillaceous Lms 	 Scatttered pyrrhotite aggregates to 5mm. 

121.40 	124.40 	3.OD 	100% 	80% 	2 	2 	 Interbedded Lms/Argillaceous Ims to 1cm. Scattered whole brachs. Scatttered pyrrhotite 
Lms 	 acciregates to  

124.40 	130.20 	5.80 	100% 	950/0 	2 	2 	 Argillaceous Lms 	 F.g. sulphide aggregates and lenses to 1 cm. Lms lamina to 
3 mm. Rare whole brach. E.O.H. 
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Frontier Drill Core Lithological Log 
	 December, 2011 

UWI: 	AA/02-01-100-11W4 
Ground: 	304.0 m 
Devonian: 261.8 m 

From 	 To 	Thickness Recovery % A.M. Structure Biotut -bation Lithology 	 Description 

39.15 	 42.20 	3.05 	98% 	20% 	0 	 1 	 011sand  
42.20 	 42.45 	0.25 	100% 	100 11/0 	1 	0 	 Argillaceous Lms 	 U. grey argillaceous Ims. 
42.45 	 48.50 	6.05 	100% 	100% 	0 	 1 	 Argillaceous Lms 	 Thinly bedded light grey argillaceous Ims. argillaceous lm 

     beds dio '10 deg ,  
48.50 	 48.80 	0.30 	100% 	3011/b 	0 	2 	 Fossiliferous Blackened 	Competent unit. A.M. ranges from 50% at top hail of interva 

Interval 	 to 15% on bottom. Crinoids, occasional blackened brachs. 

48.80 	 48.95 	0.15 	100% 	2011% 	0 	2 	 Fossiliferous Blackened 	Competent unit. Hardground @ 48.80, blackened clasts, 
Interval 	 crinoids. 

48.95 	 49.30 	0.35 	100% 	80% 	0 	0 	 Inter-bedded Lms/Argillaceous Lms beds 1cm, 2-5cm argillaceous Ims intervals. Beds dip 
   Lms  

49.30 	 51.00 	1.70 	100% 	100% 	0 	1 	 Argillaceous Lms 	 Thinly bedded light grey argillaceous Ims. Beds dip -'40 deg. 

51.00 	 51.45 	0,45 	100% 	250/a 	1 	 2 	 Fossiliferous Blackened 	A. M. ranges from 70% on top 10cm to 15% for remainder o 
Interval 

	

	 section. Blackened clasts, crinoids, occasional blackened 
brachs. 10 deg dip can be seen in parts of section. 

51.45 	 52.60 	1.15 	100% 	85% 	0 	2 	 Argillaceous Nodular Lms 	Predominantly argillaceous Ims with occasional 1-2cm Ims 
clasts. Rare crinoidj brachs. 10 deg die. 

52.60 	 53.05 	0.45 	100% 	45% 	0 	3 	 Fossiliferous Blackened 	Extensive blackened shells and clasts. Brachs, crinoids. 
Interval 

	

	 Relatively weak interval with considerable argillaceous Ims. 
10 dec din. 

53.05 	 53.65 	0.60 	100% 	65% 	1 	 2 	 Interbedded Lms/Argillaceous argillaceous Ims beds 1-3cm, Ims 1cm. Occassional 
Lms 	 blackened clast. 10 den din. 

53.65 	 57.10 	3.45 	100% 	100% 	0 	 1 	 Argillaceous Lms 	 Thinly bedded light grey argillaceous Ims. Argillaceous Ims 
   beds dip "10 deg. 



- - - - - - - - - - - - - - - - - - - 

Hammerstone Corporation 
Frontier Assessment Report 

Frontier Drill Core Lithological Log 
	 December, 2011 

UWI: 	AA/02-04-100-11W4 
Ground: 	352.6 m 
Devonian 249.0 m 

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation Lithology 	 Description 

101.50 	103.60 	2.10 	90% 	na. 	n. a. 	na. 	 Coal and Black Shale 	Bottom 15 cm is medium brown colour. 

103.60 	104.15 	0.55 	10011/0 	250/b 	2 	3 	 Nodular Lms 	 Light tan. Abundant large brach. 

104.15 	104.30 	0.15 	10011/0 	60% 	3 	2 	 Interbedded Lms/Argillaceous Bedding inclined at 15 degrees. 
Lms  

104.30 	105,60 	1.50 	100% 	90% 	1 	 2 	 Argillaceous Lms 	 Bedding at 10 degrees. Rare bioturbated mm-scale Ims 
'amine. Bpttpm 20cm fossil-rich. 

105.80 	106.25 	0.45 	1000/0 	 15% 	3 	4 	 Nodular Lms 	 Light tan. Bioturbation has largely oblitorated nodular 
texture. 

106.25 	106.55 	0.30 	100% 	7511/6 	4 	2 	 Argillaceous Lms 	 Bedding erratic. 

106.55 	107.70 	1.15 	100% 	n.e. 	n.e. 	n, a. 	 Karst 	 Large blocks of altered Ims with patches of black argfllacecu 
Ims and green share matrix. Upper contact at 0 degrees, 
lower on at 70 degrees. Minor bitumen staining. 

107.70 	107.95 	0.25 	100% 	10% 	5 	4 	 Clean Nodular Lms 	 Abundant large brachs. 

107.95 	108.70 	0.75 	1000/0 	65% 	4 	3 	 Interbedded Lms/Argllaceous Ims beds to 1 cm, argillaceous Ims beds to 3cm. Bedding 
Lms 	 not well defined. Upper 20cm altered (next to karst). 

108.20 	113.45 	4.75 	100% 	90% 	3 	3 	 Argillaceous Lms 	 Bioturbated Ims lamina to 1 cm (becoming less downward). 
Bedding e at 15 degrees. No fossils observed. E.O.H. 



— — — — — — — — - 	 — — — — — — — — 

Hammerstone Corporation 
Frontier Assessment Report  

December, 2011 
Frontier Drill Core Lithological Log  
UWI: 	AA/02-04- 101 - 11W4 
Ground: 	342.5 ni 
Devonian: 191.6 m 

From 	ITo 	Thickness l  Recovery  boloA.M.  IStructure I BioturbationlLithology 	 jDescription 
143.00 	150.85 	7.85 	90% 	na. 	n. a. 	na. 	 Watersand 	 Coarse Water Sand. Numerous normal faults in overlying 

nilsands. 
150.85 	151.45 	0.60 	1000/0 	70% 	2 	3 	 De-calcified Lms 	 Bioturbation still visible. Occasional Ims bed to 1cm. 

151.45 	152.05 	0.60 	100% 	na, 	2 	3 	 De-calcified Lms 	 Sulphide-rich sideritized de-calcified Ims. Number of pyrite 
beds to 1 cm. 

152.05 	158.00 	5.95 	1000/0 	75% 	2 	3 	 Argillaceous Lms 	 Numerous bioturbated mm-scale Ims lamina, Numerous 
large (1cm wide x 5 cm deep) burrows. Rare competent 
pure Ims bed to 3cm. Sideritized 152.45 - 152.90. 

158.00 	161.20 	3.20 	100% 	90% 	2 	2 	 Argillaceous Lms 	 Cleaner argillaceous Ims than unit above. Rare mm-scale 
Ims lamina. 

161.20 	161.70 	0.50 	100 11/0 	75% 	1 	4 	 Argillaceous lins 	 Highly bioturbated hmey argillaceous lms. Numerous large 
vertical burrows. Similar to interval in 11-35-100-11W4, 
124,50 - 125.35. E.O.H. 



— — — — — — — — — — — — — — — — — — — 

Frontier Drill Core Lithological Log 
UWI: 	AB/02-09-100-11W4 
Ground: 	349.9 m 
Devonian: 249.7 m 

Ham mersione Corporation 
Frontier Assessment Report 

December, 2011 

From 	 To 	Thickness Recovery 010  A.M. Structure Bioturbation Lithology 	 Description 

94.05 	 99.15 	5.10 	100% 	na, 	n. a. 	na. 	 Olisand 	 Combination of clean and bitumen saturated sand.. 

99.15 	 100.20 	1.05 	100% 	1000/0 	0 	0 	 Argillaceous Lms 	 Light grey argillaceous Ims, some sideritization. 0.5 cm 
sulphide veining @ iDiOm. Slight blackening and crinoids. 

10dea din. 
100.20 	104.90 	4.70 	100% 	900/0 	0 	0 	 Argillaceous Lms 	 Slightly interbedded argillaceous Ims, quickly becoming a 

pure ar9illceous Ims. lOdeg dip. argillaceous Ims section is 
tabular  clean. No fossils. 

104.90 	108.05 	3.15 	100% 	200% 	1 	 2 	 Nodular Lms 	 Argillaceous Ims is 35% in top and bottom 10cm of section. 
Very large —4cm brachs @ 10S.3ni. H.G. @ 106.7m. 

108.05 	109.25 	1.20 	100% 	150/0 	0 	3 	 Clean Nodular Lms 	 Large sulphide vein at top of section. Very large cnnoids 
from 108.3 - 109.05m. Matches with large crinoids in top of 
12-03-100-11W4. Limestone is quite competent in this  
section . E.O.H. 



— — — — — — — — — — — — — — — — — — 

Hammerstone Corporation 
Frontier Assessment Report  

December, 2011 
Frontier Drill Core Lithological Log 

M UWI: 	/02-15-100-11W4  

Ground: 	323.3 m 

Devonian: 214.2 m 

From 	 To 	Thickness Recovery % A.M. IStructure Bioturbatiun Lithology 	 Description 

10185 	107.30 	5.45 	100 11/0 	na. 	2 	na. 	 Watersand 	 15 cm massive fine grained pyrite at base 
107.30 	109.05 	1.75 	100% 	na. 	2 	n.a. 	 Clay 	 Light grey clay, becoming dark grey over bottom 30 cm. 

109.05 	109.60 	0.55 	100% 	500/0 	5 	na. 	 Brecciated Ims 	 Decalcified and sideritized. 
109.60 	119.80 	10.20 	100% 	501YO 	5 	n.a. 	 Brecciatedims 	 Angular lmsclasts to 7cm ina light green limey argillaceous 

Ims matrix. Clasts include a number of blackened intervals. 
Slight decalcification in places. No large clasts of nodular 
Ims (compare to 11-26-100-11W4). E.O.H. 



- - - - - - - - - - - - - - - - - - - 

Hammerstone Corporation 
Frontier Assessment Report 

Frontier Drill Core Litho!ogical Log 	
December, 2011 

UWI: 	A.A/02-28-100-11W4 
Ground: 	344.7 m 
Devonian: 196.8 m 

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation Lithology 	 Description 

144.00 	146.30 	2.30 	90% 	na. 	n. a. 	na. 	 Shale 	 Dark greyshale 

146.30 	146.50 	0.20 	100% 	na. 	n-a. 	na. 	 Cave 	 Mixture of de-calcified Irns and dark grey shale. 

146.50 	147.90 	1.40 	1000/0 	na. 	n.a. 	na. 	 Clay 	 White clay with disseminated medium qtz grains. L.C. at  
contact with Devonian. 

147.96 	148.45 	0.55 	100% 	10011/b 	1 	n. a. 	 Decalcified Lms 	 Very light green de-caldfied Ims. Gradational lower contact. 

148.45 	149.70 	1.25 	100% 	50% 	2 	 2 	 Interbedded LmsjArgillaceous Interbedded lmsJshl. Lms beds are 1cm thick and slightly 
Lms 	 nodular. aroillaceous Ims beds are 2-7cm, 

149.70 	150.10 	0.40 	1000% 	35% 	0 	3 	 Fossiliferous Blackened 	Whole Brachs, blackened clasts, 
Interval  

150.10 	151.15 	1.05 	100 11/0 	50% 	1 	 3 	 Interbedded Lms/Argillaceous Interbedded lms/shl. Lms beds are 1-2cm thick and slightly 
Lms 

	

	 nodular, argillaceous lms beds are 2-7cm. Bioturbation 
increasing downward. 

151.15 	155.25 	4.10 	100% 	90% 	2 	 1 	 ATillaceous Lms 	 Very clean limey argillaceous Ims, no fossils observed. 

155.25 	155.75 	0.50 	100% 	35% 	2 	 2 	 Interbedded Lms/ArqilLaceous Interbedded Ims/shl. Lms beds are 1-3cm thick and slightly 
Lms 	 Inodular, argillaceous Ims beds are 2-7cm. 

155.75 	156.05 10.30 	100% 	30% 	1 	 2 	 Nodular Lms 	 E.O.H. 



— — — — — — — — — — — — — — — — — — — 

Hammerstone Corporation 
Frontier Assessment Report 

Frontier Drill Core Lithological Log 
AA/02-33-100-11W4UWI: 	/O2-33-100-11W4 	

December, 2011 

Ground: 	346.8 m 
Devonian: 178.9 m 

From 	 To 	Thickness Recovery % A.M. Structure BioturbatiDn Lithology 	 Description 

156.50 	167.85 	11.35 	100% 	n.a. 	na. 	n.a. 	 Watersand 	 Occasional 10cm calcite cemented nterval. 

167.85 	170.30 	2.45 	100% 	90% 	3 	 1 	 De-calcified Lms 	 Slight purple colour. Abundant sulphides in lamina to 1 cm. 
Heavily desseminated sulhides 169.80 - 170.00 

170.30 	171.65 	1.35 	100% 	9011/0 	3 	 1 	 Argillaceous Lms 	 Nolms lamina or fossils observed. 

171.65 	172.50 	0.85 	100% 	75% 	3 	2 	 Argillaceous Lms 	 Bioturbated Ims lamina to 2cm. Scattered whole brach. 
Rare sul phide nodule to 1cm. 

172.50 	180.40 	7.90 	100% 	9011/0 	3 	2 	 Argillaceous Lms 	 Rare sub-horizontal barite veinlet to 5 mm, None observed 
____________ ______ _________ ________ _______ ________ ___________ _____________________ above this. E.O.H. 



- - - - - - - - - - - - - - - - - - - 

Ham mersione Corporation 
Frontier Assessment Report 

December, 2011 

Frontier Drill Core Lithological Log 
UWI: 	AA/03-20- 101- 11W4 
Ground: 	380.7 m 
Devonian: 216.4 m 

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation Lithology 	 Description 

15585 	164.30 	8.45 	100% 	na. 	1 	 n.a. 	 Clay 	 Light grey to black clay. Coal clasts. 10cm sderite intervals 
Scattered rounded siderite clasts. Conglomerate over 
bottom 30cm with rounded sideite and Ims clasts. 

164.30 	164.75 	0.45 	10006 	9011/0 	3 	na. 	 De-calcified Lms 	 Light green. Slickensides. 

164.75 	164.85 	0.10 	100% 	30% 	3 	3 	 Nodular Lms 	 Abundant f.g. Pyrite stringers. 

164.85 	165.05 	0.20 	100% 	70% 	5 	na. 	 Karst 	 Angular Ims clasts to 2 cm in de-calcified argillaceous Ims. 
Bottom contact at 70 degrees. 

165.05 	166.41) 	1.35 	1000/0 	2001b 	4 	3 	 Nodular Lms 	 Light brown. Karst interval 165.50 - 165,70, green 
decalcified argil lacep 	lm. 

166.40 	168.05 	1.65 	1000/0 	30% 	3 	 3 	 Nodular Lms 	 Light green. Hardground @1166.40. Large crinoid fragments 
over top 75 cm. Increase in A.M. downward. 

168.05 	168.45 	0.40 	100 11/0 	20% 	2 	3 	 Nodular Lms 	 Hardgraund @ 168.05. Large criniods frags, Large whole 
brachatbe. F.u. Pyrite stringers. 

168.45 	170.30 	1.85 	100 11/0 	900/0 	5 	2 	 Argillaceous Lms 	 Core very broken. 

170.30 	173.00 	2.70 	100% 	75% 	4 	2 	 Interbedded Lms/Argillaceous Core very broken. 
Lms  

173.00 	174.10 	1.10 	1000/0 	8011/0 	14 	3 	 Argillaceous Lms 	 Core very broken. Lms laminna to 1 cm. 

174.10 	174.25 	0.15 	100% 	50% 	2 	3 	 Fossiliferous Blackened 
Interval  

174.25 	175.10 	0.85 	100% 	80% 	3 	 3 	 Argillaceous Lms 	 Ims lamina to lOin. E.O.H. 



- - - - - - - - - - - - - - - - - - - 

Hammerstone Corporation 
Frontier Assessment Report 

Frontier Drill Core Lithological Log 
	 December, 2011 

UWI: 	AA/03-21-101-11W4 
Ground: 	326.3 m 
Devonian: 223.6 m 

From 	 To 	Thickness Recovery Ojg A.M. Structure Bioturbation Lithology 	 Description 

9435 	 102.70 	8.35 	100% 	ma. 	n.a. 	na. 	 Watersand 	 Coarse to fine grained water sand. 2cm pyrite cemented 
bed atase. 

102.70 	103.90 	1.20 	900/0 	 90% 	3 	 1 	 De-calcified Lms 	 Slightly sidentized, rare Ims bed to 1cm. 
103.90 	104.70 	0.80 	90% 	9011/0 	3 	 2 	 Argillaceous Lms  
104.70 	104.72 	0.02 	100% 	50% 	1 	 3 	 Fossihferous Blackened 	Large brach frags and rounded blackened clasts to 5mm. 

  Interval  
104.72 	105.00 	0.28 	90% 	900J0 	3 	2 	 Argillaceous Lms 	 Wispy bioturbated Inns blebs to 1cm. 
105.00 	105.10 	0.10 	10011/0 	30% 	1 	3 	 Fossiliferous Blackened 	Fine crinoid frags and rounded blackened clasts to 1cm.  

Interval  
105.10 	105.40 	030 	90% 	9011/0 	3 	 2 	 Argillaceous Lms 	 Bioturbated Ims lamina to 5mm. 
105.40 	105,42 	0.02 	100 0/0 	25% 	1 	3 	 Fossiliferous Blackened 	Fine crinoid frags and abundant rounded blackened clasts to  

Interval 	 1cm. 
105.42 	105.60 	0.18 	9011/0 	 90 11/0 	3 	2 	 Argillaceous Lms 	 Bioturbated Ims lamina to 5mm. 
105.60 	105.62 	0.02 	100% 	50% 	1 	 3 	 Fossiliferous Blackened 	Rounded blackened clasts to 1cm. 

Interval  
105.62 	106.00 	0.38 	90% 	50% 	3 	3 	 Argillaceous Nodular Lms  
106.00 	106.01 	0.01 	100 0/0 	500* 	1 	 3 	 Fossiliferous Blackened 	Rounded blackened clasts to 1cm. 

Interval  
106.01 	106.40 	0.39 	90% 	75% 	3 	2 	 Argillaceous Lms 	 Bioturbated Ims lamina to 5mm. 
106.40 	106.60 	0.20 	800/0 	 25% 	3 	3 	 Fossiliferous Blackened 	Rounded blackened clasts to 1cm. Abundant whole brachs. 

Intervl  
106.60 	107.00 	0.40 	900/0 	 75% 	3 	2 	 Argillaceous Lms 	 Bioturbated lms lamina to 5mm. 
107.00 	107.02 	0.02 	800/0 	 25% 	3 	3 	 Fossiliferous Blackened 	Rounded blackened clasts to 1cm in fine grained cnnoid 

Interval 	 hash. 
107.02 	107.90 	0.88 	50% 	50% 	4 	3 	 Argillaceous Nodular Lms 	Core very broken. 
107.90 	107.92 	0.02 	100% 	25% 	3 	3 	 Fossiliferous Blackened 	Large brach frags and rare rounded blackened clasts to 

Interval 	 5mm. 
107.92 	111.20 	3.28 	90% 	50°Jo 	4 	3 	 Argillaceous Nodular Lms 	Occational pyrite aggregate to 1 cm. Rare brach fragment. 

 E.O.H. 



- - - - - - - - - - - - - - - - - - - 

Ham merstone Corporation 
Frontier Assessment Report  

December, 2011 
Frontier Drill Core Lithological Log  
UWI: 	AA/05-22-100-11W4 

Ground: 	333.0 m 

Devonian: 221.2 m 

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation Lithology 	 Description 

107.00 	111.80 	4.80 	100% 	na. 	n.a. 	n.a. 	 Watersand 	 Coarse watersand. 5cm pyrite cemented interval at base. 

111.80 	112.50 	0.70 	1000/0 	90% 	2% 	1% 	 De-calcified Lms 	 Sidehtized. Abundant mm-scale sub-horizontal sulphide 
      lenses 

112.50 	113.10 	0.60 	100 0/1 ,, 	50% 	5% 	2% 	 Interbedded Lms/Argillaceous Core broken, brecciated. 
Lms  

113.10 	113.75 	0.65 	100 0/0 	50 11/6 	2 	4 	 Argillaceous Nodular Lms 	Solid core. Highly bioturbated. 

113.75 	114.20 	0.45 	100% 	70% 	4 	4 	 ArgllaceousLms 	 Broken core. Irregutarims nodules to 2cm. Rare mm-scale 
blackened clast at ton. 

114.20 	114.80 	0.60 	100% 	25% 	2 	4 	 Argillaceous Nodular Lms 	Hardground at top. Light brown colour. Highly bioturbated, 

114.80 	115.45 	0.65 	100% 	35% 	1 	4 	 Argillaceous Nodular Lms 	Rounded blackened claststo 2cm at top. Light brown 
   colour.  Hiahly bioturbated. 

115.45 	116.40 10.95 	100% 	25% 	2 	4 	 ArgilLaceous Nodular Lms 	Hardground at top. CRINOID MARKER. Light grey colour 
(different than unit above and below). Highly bioturbated. 

116.40 	117.00 	0.60 	100 11% 	35 11/o 	1 	4 	 Argillaceous Nodular Lms 	Hardground at top. Light brown colour. Highly bioturbated. 
Scattered large crinoids. Increasing argillaceous Ims 
downward to 70%. 

117.00 	117.55 	0.55 	100% 	40% 	1 	4 	 Argillaceous Nodular Lms 	Hardground at top, rounded blackened clasts to 2 c over 
bottom 30cm. Large whole brachs over bottom 30cm. 
La roe cririold frpsthroubout. 

117.55 	118.30 	0.75 	100 0/1) 	70% 	3 	3 	 Interbedded Lms/Argillaceous Lmsto 1cm, argillaceous Ims to 10cm. 

118.30 	119.80 	1.50 	100% 	95% 	2 	 2 	 Argillaceous Lms 	 Rare lois lamina to 5 mm. 

119.80 	121.50 	1,70 	100% 	60% 	4 	4 	 lnterbeddedLms/Argillaceous Core broken. 
  Lms  



- - - - - - - - - - - - - - - - - - - 

Frontier Drill Core Litholoqical Log 
UWI: 	AA/06-18-099-07W4/0 
Ground: 273.00 m 
Devonian 227.00 m 

From 	To 	Width 	Unit 	 Lithology 	 Description 

38.65 	42.50 	3.85 	Quatemary 	Pink Silty clay 	Pink to light grey silty clay. Varves in places, 5mm to 1 cm. Rounded crystaline 
dropstones to 4 cm at base. Bedding slightly inclined, soft sediment and brittle  
deformation evident. 

42.50 	43.00 	0.50 	Quaternary 	Quartzite boulder 	White 1g. quartzite boulder 

43,00 	46.00 	100 	McMurray 	Qilsand 	 Bitumen-saturated mg. to c.g. oilsand. Rare brown argillaceous Ims lamina to 2 cm. 

46.00 	49.60 	3.60 	Firebag 	De-calcified argillaceous Light green to Light grey de-calcified argillaceous lms. Bedding highly disturbed, Ims 
lms 	 bed to 3 cm brecciated. 1-2% f.g. suiphides in aggregates to 5mm. Several massive 

v.f.a. sul phi de beds to 7 cm. Minor c .  a. sand. 149.60 	52.70 	3.10 	Firebag 	Calcite cemented sand Intervals of light grey calcite cemented c.g. sand to 40cm with intervals of light green 
de-calcified argillaceous Ims to 10cm. Soft sediment deformation throughout. 

52.70 	54.15 	1.45 	Firebag 	Argillaceous Ims 	Light green argillaceous Ims. 80% AM.. Abundant whole brachs. Bedding highly 
disturbed. 

54.15 	54.35 	0.20 	Firebag 	Nodular Ims 	 10 0/1 6 A.M.. Hardground 4 54.25. Bedding highly disturbed. 

5435 	64.20 	9.85 	Firebag 	Argillaceous Ims 	95% A.M.. Bedding highly disturbed, both soft sediment and brittle deformation 
evident. Minor barite veinlet to 2 mm. E.O.H.  



- - - - - - - - - - - - - - - - - - - 

Hammersione Corporation 
Frontier Assessment Report 

December, 2011 
Frontier Drill Core Lithological Log 
UWI: 	M/06-23-100-11W4 
Ground: 	310.0 m 
Devonian: 191.8 m 

From 	 To 	Thickness Recovery Wo A.M. Structure Bioturbation Lithology 	 Description 

116.00 	 11820 	2.20 	1000/0 	na. 	na. 	na. 	 Clay 	 White Clay with disseminated qtz grains. Rootlets?? 
Becoming green over bottom 50cm suggests de-calcified  
limey argillaceous Ims content, 

118.20 	118.35 	0.15 	1000/0 	n.a. 	na. 	na. 	 Sidente 	 Top 5 cm is green de-calcilied argillaceous Ims and siderite 
interbedded at 1-2 cm. Bottom 10cm is massive siderite. 

118.35 	 119.75 	1.40 	100% 	95% 	1 	 0 	 0e-calcifed Lms 	 Slightly de-calcified with moderate sideritization 317.15- 
117.55. 

119,75 	 121.25 	1 1.50 	0% 	n.e. 	n. a. 	n. a. 	 Lost Care  

121.25 	 122.85 	1.60 	1000/0 	6011/0 	2 	 2 	 Interbedded Lms/Argillaceous Some argilaceous Ims brighter green than others. Lms beds 
Lms 	 1 - 3 cm slightly nodular. Argillaceous Ims beds 1 -3 cm. 

122.85 	 123.95 	1.10 	10011/0 	90% 	11 	 2 	 1 AgilIaceous Lms 	 Scattered whole bracks. Rare Ims bed to 1 cm. 

123.95 	 124.15 	0.20 	10011/0 	40% 	1 	 4 	 Fossiliferous Blackened 	Whole bracks, blackened hash, highly bioturbated 
interval  

124.15 	124.75 10.60 	1000/0 	85% 	2 	 2 	 Argillaceous Lms 	 Rare lms bed to 1cm. 

124.75 	125.55 	0.80 	100% 	65% 	2 	 2 	 Interbedded Lms/Argillaceous Lms beds are nodular. 
Lms  

125.55 	 125.65 	0.10 	1009N, 	60% 	1 	 2 	 Fossiliferous Lms 	 An interbedded interval with abundant crinoids and brecks. 

125.65 	 125.85 10.20 	1001YO 	90% 	1 	 3 	 Argillaceous Lms  

125.85 	 125.95 	0.10 	100% 	60% 	0 	 3 	 Fossiliferous Blackened 	Blackened polygonal clasts with abundant crinoids. 

   ______________ Interval  
125.95 	 126.50 	0.55 	100% 	65% 	1 	 2 	 Interbedded Lms/Argillaceous Argillaceous Ims intervals up to 10cm. Lms beds 1-2 cm. 

LmS  
126.50 	126.60 	0.10 	100% 	60% 	0 	 3 	 Fossiliferous Blackened 	Blackened polygonal dasts with abundant crinoids. 

Interval  
126.60 	 127.55 	0.95 	100% 	70% 	1 	 4 	 Interbedded Lms/Argillaceous 

Lms  
127.55 	 127.75 	0.20 	100% 	50% 	1 	 4 	 IFossiliferous Blackened 	Noddular Ims with minor blackened hash 

Interval  
127.75 	 128.25 	0.50 	100% 	50% 	1 	 2 	 Interbedded Lms/Argillaceous More plannar interbedding than intervals above. Lms and 

I.ms 	 argillaceous beds 1 - 2 cm. 

128.25 	 128.35 	0.10 	100% 	60% 	0 	3 	 Fossiliferous Blackened 	Blackened polygonal clasts with abundant crinoids. 
Interval  

128.35 	 128.60 	0.25 	1000/0 	50 0ya 	1 	 2 	 Interbedded LmsjArgillaceous More plannar interbedding than intervals above. Lms and 
Lois 	 argilaceous Ims beds 1 - 2 cm. 

128.60 	 128.65 	0.05 	10011/0 	60% 	0 	 3 	 Fossiliferous Blackened 	Blackened polygonal clasts with abundant crinoids. 
Interval  

128.65 	 128.85 	0.20 	10011/o 	75% 	1 	 1 	 Interbedded Lms/Argillaceous E.O.H. 

_____   	Lms  



- - - - - - - - - - - - - - - - - - - 

Hammerstone Corporation 
Frontier Assessment Report 

December, 2011 
Frontier Drill Core Lithological Log 
UWI: 	AA/07-02-100-11W4 
Ground: 	313.4 rn 
Devonian: 224.8 m 

From 	 To 	Thickness Recovery Wu A. M. Structure Bioturbation Lithology 	 Description 

84.00 	 88.60 	4.60 	100% 	na. 	na. 	na. 	 Clay 	 Light grey to dark grey clay. Getting darker downward. 

85.60 	 89.50 	0.90 	1000/0 	90% 	n.a. 	na. 	 De-calcified Lms 	 Slight sidertitjzatLon throughout. 

89.50 	 90.30 	0.80 	100% 	95% 	1 	 1 	 Argillaceous Lms 	 Rare brach. 

90.30 	 90.70 	0.40 	1000/0 	25% 	3 	4 	 Fossiliferous Blackened 	Upper 25 cm shows only slight blackening on some nodules 
Interval with rare rounded blackened clasts to 5 cm. Bottom 15cm 

shows blackened bioturbated hardgrounds and bioturbated 
blackened clasts to 1 cm and abundant crinoids. 

90.70 	 91.10 	0.40 	1000/0 	75% 	12 	2 	 Argillaceous Lms 	 Lms bed to 1 cm. 

91.10 	 92.50 	1.40 	100% 	90% 	1 	 2 	 Ajgillaceous Lms 	 Very pure argillaceous Ims. Lrns lamina over top 75cm. 

92,50 	 92.90 	0.40 	100% 	50% 	2 	4 	 Fossiliferous Blackened 	Bedding highly disturbed by bioturbation, Ims nodules not 
Interval well defined. Rounded blackened clasts to 2 cm throughout. 

Crinoid frays scatted throughout, rare brach. Argillaceous 
Ims content decreases downward from 80 - 20%. 

92.90 	 94.60 	j 110 	100 11/6 	80% 	2 	3 	 Argillaceous Lms 	 Isolated lms nodules and bed to 2cm, Bedding poorly 
defined. Rare brach. 

94.60 	 95.00 	0.40 	100% 	4011/6 	3 	4 	 Fossiliferous Blackened 	Bedding highly disturbed by bioturbation, Ims nodules not 
Interval 

	

	 well defined. Rounded blackened clasts to 2 cm throughout. 
Abundant brach frags. Argillaceous Ims decreasing 55 - 
7SIri 

95.00 	 95.50 	0.50 	100% 	65% 	2 	3 	 Interbedded Lms/Argillaceous Ims beds to 1 cm, argillaceous Ims to 5 cm. Bedding 
Lms 

	

	 disrupted by bioturbation and structure. Gradational lower 
contact. 

95.50 	199.15 	13.65 	100 11/0 	95% 	2 	 2 	 Argillaceous Lms 	 Rare Inns lamina over top 100cm. E.O.H. 



- - - - - - - - - - - - - - - - - - 

Hammerstone Corporation 
Frontier Assessment Report 

December, 2011 
Frontier Drill Core Lithological Log  
UWI: 	AA/07-24- 100- 1 1W4 
Ground: 	300.0 m 
Devonian: 207.8 m 

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation Lithology 	 Description 

82.80 	 92.15 	9.35 	90% 	 Watersand 	 Very fine McMurray(silt), bottom 0.5m is completely clean,  

above sjean ailsands. 

92.15 	 92.65 	0.50 	100% 	1000/0 	0 	 0 	 ArgiLlaceous Lms 	 Top of Devonian © 92.15M 

92.65 	 93.40 	0.75 	100% 	 Cave 	 Mix of very fine McMurray bitumen saturated silt and de- 

1   	____________________________ calcified arillaceous Ims. 
93.40 	 94.30 	0.90 	1000/0 	75% 	5 	 0 	 Argillaceous Lms 	 Fine argillaceous Ims with angular Ims nodules. 

94.30 	 95.00 	0.70 	100 11/0 	 150/0 	4 	 0 	 Nodular Lms 	 Top 35cm is @ 45 (Cave?) Lower 35cm looks like normal 

nodular Ims. 

95.00 	 95.40 	0.40 	n.a. 	na. 	na. 	na, 	 Cave 	 Mix of very fine Mcmurray bitumen saturated silt and de  

calcified arqillaceous Ims. 

95.40 	 10170 	6.30 	100% 	65% 	5 0 	 Argillaceous Nodular Lms 	No original texture to rock. Angular Inis nodules irregularily 

    placed. E.O.H. 



- - - - - - - - - - - - - - - - - - - 

Ham merstone Corporation 
Frontier Assessment Report 

Frontier Drill Core Lithological Log 
	 December, 2011 

UWI: 	AB/10-01 -99- 11W4 
Ground: 	297.0 m 
Devonian: 238.3 m 

From 	 To 	Thickness Recovery % A. 14. Structure Bioturbation Lithology 	 Description 

56.00 	 58.70 	2.70 	100°k 	na. 	na. 	na. 	 Clay 	 grey and black clay 

58.70 	 58.85 	0.15 	1000/1) 	100% 	2 	na. 	 De-calcified Lms 	 Slight sideritization 

58.85 	 59.05 	0.20 	100% 	O% 	1 	 1 	 Siderite 	 Massive Sidente. 1 cm coarse grained spinafex-textures 
sulohktes attop. 

59.05 	 61.25 	2.20 	100% 	90% 	1 	 1 	 Argillaceous Lms 	 Very clean argillaceous Ims. No Ims lamina or fossilis 
  observed. 

61.25 	 61.50 	0.25 	100% 	30% 	1 	 3 	 Nodular Lms 	 Slight blackening on nodules. Abundant large brach frags at 
too. 

61.50 	 61.70 	0.20 	100% 	10% 	1 	 2 	 Massive Lms 	 Competent unit 

61.70 	 62.30 	0.60 	100% 	50% 	1 11/0 	 3 010 	 Fossdiferous Blackened 	Bioturbated nodular texture. Abundant criniod frags and 
Interval 

	

	 whole brachs, rounded blackened clasts concentrated 61.90 
62.05. 

62.30 	 62.80 	0.50 	100% 	80% 	2 	 2 	 Interbedded Lms/Argillaceous Lms beds to 1 cm, argillaceous lms to 5cm. Gradational 
Lms 	 lower contact. 

62.80 	 64.30 	1.50 	100% 	90% 	2 	 1 	 Argillaceous Lms 	 Clean argillaceous Ims, no Ims lamina or fossils observed. 

64.30 	 65.40 	1.10 	100% 	50%2 	4 	 Argillaceous Nodular LmS 	Whole brachs throughout. Blackened clast interval 64.40 - 
     64.50, 65.10 - 65.40. E.O.H. 



- - - - - - - - - - - - - - - - - - - 

Hammersione Corporation 
Frontier Assessment Report 

December, 2011 
Frontier Drill Core Lithological Log  
UWI: 	AA/10-03-99-11W4 
Ground: 	314.0 m 
Devonian: 238.5 m 

From 	 To 	Thickness Recovery % A.M. Structure Dioturbation Lithology 	 Description 

73.00 	 75.50 	2.50 	100% 	na. 	na. 	na. 	 Cilsarid 	 5cm pyrite cemented interval at base. 

75.50 	 16.40 	0.90 	100% 	100% 	1 	 1 	 De-calcifiedLms 	 Nolms lamina ar fossils observed 

76.40 	 76.10 	1.70 	100% 	600/b 	2 	3 	 Interbedded Lms/ArglIaceous lmsto 2 cm, argillaceous lmsto 2cm. 
Lms  

78.10 	 79.00 	0.90 	100% 	85% 	2 	2 	 Argillaceous Lms 	 Occasional bioturbated Ims lamina to 1 cm. Rare tine 
_________ orained crinoid lamina. 
L 79.00 	 81.00 	2.00 	100% 	50% 	2 	3 	 Argillaceous Nodular ms 	Somewhat interbedded texture. 

81.00 	 81.20 	0.20 	100% 	30% 	2 	4 	 Fossiliferous Blackened  
Interval  

81.20 	 82.40 	1.20 	1000/0 	80% 	2 	3 	 Argillaceous Lms 	 Rare Ims nodule to 2 cm, increasing to 50% lms over 
bottom 30 cm. 

82.40 	 82.60 	0.20 	100 11/0 	30% 	2 	1 	 Fossiliferous Blackened 	bioturbated blackened clasts, 1 cm black fossililerous bed at 

Interval 	 base. 
62.60 	 82.80 	10.20 	100 0/0 	IWXo 	2 	2 	 Argillaceous tms 	 Rare lms nodule to 2 cm. E.O.H. 



- - - - - - - - - - - - - - - - - - 

Harnmerstone Corporation 
Frontier Assessment Report 

December, 2011 
Frontier Drill Core Lithological Log  
UWI: 	M /10-09-99-11W4 

Ground: 	330.0 m 

Devonian: 226.2 m 

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation Lithology 	 Description 

103.80 	103.90 	0.10 	100% 	40% 	0 	 1 	 Argillaceous Nodular Lms 	Top of Dev. © 103.8m. Lms fragments with fine laminated 
argillaceous Ims in between. Occcasional blackened dasts. 
ms  <1cm. aruillaceous Ims < 1cm 

103.90 	106.85 	2.95 	10011/0 	50% 	0 	 2 	 Interbedded Lms/Argillaceous Lms 1-2 cm, argillaceous lms < 1cm at top or section. From 

Lms 	 105.50 m and below, Lms becomes < 1cm and argillaceous 
Ims> 2cm. Transgressive sequence starts at 105.SOm with 
argillaceous Ims above 105.05m at 35% becoming 65% at 
bottom of section. Lms has a slight nodular/tabular 
appearance, but is still interbedded. No bicturbation in lower 
section. 1cm hardground from 105.15 -  105.16m. Blackened 
nodular interval from 105.15 - 105.5m. Interbedding 
continues from 105.5 to 106.85. No fossils. 

106.85 	108.95 	2.10 	1000% 	900/c 	0 	 1 	 Argillaceous Lms 	 argillaceous Ims is finely laminated with occassional 1 c lms 
beds. argillaceous lms> 5cm, Ims < 1cm. 

108.95 	109.00 	0.05 	100 01b 	2001a 	0 	2 	 Fossiliferous Blackened 	Blackened fossiliferous section. Brach fragments. 
Interval  

109.00 	109.20 	0.20 	100 0/0 	 15% 	0 	4 	 Nodular Lrns 	 Heavily bioturbated section with coarse nodular Ims. 1-3cm 
ms clasts in thin < 1cm argillaceous lms. 

109.20 	109,70 	0.50 	100 04 	60 11/6 	0 	0 	 Nodular Lms 	 Nodular Ims < 1cm, argillaceous Ims < 1cm. Dark grey lms 
nodules are surrounded by a non-laminar argillaceous ims. 
Blackened fossi li fero u s section from 109.55 - 109.70m. 
Contains small blackened brachs and <1cm blackened lms 
clasts. Upper section has only 20% argillaceous Ims. 
Argillaceous lms increases to 60% in bottom half of section. 

10970 	110.60 	0.90 	100 11/0 	25 01c 	0 	 1 	 Interbedded Lms/Argillaceous Interbedded Ims / argillaceous Ims. 75 11/b Ims, 25% 
Lms 

	

	 argillaceous Ims. Lms 1-2cm, argillaceous lms <c 1cm. 
Limestone is quite tabular. Very slight blackening in interval. 



- - - - - - - - - - - - - - - - - - - 

Frontier Drill Core Lithological Log 
UWI: 	M/10-11-99-11W4 
Ground: 	309.0 m 
Devonian: 241.3 m 

Harnmerstone Corporation 
Frontier Assessment Report 

December, 2011 

	

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation Lithology 	 Description 

	

62.00 	 67.65 	5.65 	10U% 	na. 	na. 	n.a. 	 Oilsand 	 Medium grained oil saturated sand. Pyrite cemented bed 
over bottom 5 cm, 

	

67.65 	 68.50 	0.85 	100% 	900/0 	3 	 1 	 De-calcified Lms 	 Massive siderite over bottom 10cr'. 

	

68.50 	 70.20 	1.70 	100% 	900/0 	2 	 1 	 Argillaceous Lms 	 Rare Ims lamina. Rare brach. 

	

70.20 	 70.65 	0.45 	100% 	50% 	1 	 3 	 Argillaceous Nodular Lms 	Blackened clasts and blackened margins on nodules 
throughout. Rare criniod. Bedding disrupted by 

ioturbation. 

	

70.65 	 71.35 	0.70 	100% 	85% 	2 	3 	 Argillaceous Lms 	 Ims lamina to 1 cm at top. 

	

71.35 	 71.65 	0.30 	1000/0 	40°Jo 	1 	3 	 Argillaceous Nodular Lms 	Similar to 70.20-70.65 but less blackened. 

	

71.65 	 73.30 	1.65 	10011/0 	900/0 	2 	 1 	 Argillaceous Lms 	 Ims lamina to 1 cm at top. 

	

73.30 	 73.50 	010 	10011/0 	50% 	2 	4 	 Fossiliferous Blackened 	Rounded blackened clast to 1.5 cm. 

	

Interval 	

I
73.50 	 73.90 	0.40 	100% 	40% 	1 	4 	 Argillaceous Nodular Lm 	Slight blackening on some nodules. 

	

73.90 	 74.25 	0.35 	100% 	90% 	1 	 1 	 Argillaceous Lms 

	

74.25 	 74.65 	0.40 	100% 	70% 	2 	4 	 Fossiliferous Blackened 	Abundantwholebrachs. E.O.H. 
Interval  



- - - - - - - - - - - - - - - - - - - 

Han merstone Corporation 
Frontier Assessment Report 

Frontier Drill Core Lithological Log 	
December, 2011 

UWI: 	AA/10 - 12 -99- 11W4 
Ground: 	300.0 m 
Devonian: 241.6 m 

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation Lithology 	 Description 

57.00 	 57.30 	0.30 	100% 	n,a. 	na. 	n. a. 	 Opisarid 	 Coarse oilsands 

57.30 	 57.50 	0.20 	100010 	ri,a, 	na. 	n,a, 	 coal 

57.50 	 58.40 	0.90 	100% 	na. 	na. 	na. 	 Clay 	 Black to light grey clay 

58.40 	 59.30 	0.90 	100% 	90% 	1 	 1 	 De-calcified Ims 	 Massive sidente 58.85-58-90m. 

59.30 	 61.65 	2.35 	100% 	95% 	2 	3 	 ArgIIaceous Lms 	 Rare Ims lamina 

61.65 	 61.85 	0.20 	100010 	na. 	5 	na. 	 Karst 	 Argillaceous Ims karst fill. Calcite veins at base. 

61.85 	 62,15 	0.30 	100% 	50% 	5 	2 	 Interbedded Lms/Argillaceous Bedding inclined up to 30 degree. 
Lms  

62.15 	 62.30 	0.15 	100 11/0 	30% 	4 	4 	 Fossiliferous Blackened 
Interval  

62.30 	 62.75 	0.45 	1000/0 	20% 	2 	2 	 Nodular Lms 	 Very light grey/brown. 

62.75 	 63.20 	0.45 	100% 	60% 	2 	 5 	 Argillaceous Nodular Lms 	Bioturbation has completely obscured nodular texture. 

63.20 	 63.50 	0.30 	lOO°/a 	na. 	5 	n.a. 	 Karst 	 Argillaceous Ims karst fill. Sub-rounded Ims clasts. 

63.50 	 64.35 	0.85 	100% 	60% 	2 	5 	 Argillaceous Nodular Lms 	Bioturbation has completely obscured nodular texture. 

64.35 	 65.75 	1.40 	100% 	20% 	2 	3 	 Nodular Lms 	 Very light grey/brown. Blackened clasts at top. E.O.H. 



- - - - - - - - - - - - - - - - - - - 

Hammerstone Corporation 
Frontier Assessment Report 

Frontier Drill Core Lithological Log 
	 December, 2011 

UWI: 	AA/10-15-99-11W4 
Ground: 	320.0 m 
Devonian: 235.3 m 

From 	 To 	Thickness Recovery % A.M. Structure Bjoturbation Lithology 	 Description 

7500 	 80.15 	5.15 	100 11/0 	na. 	na. 	n.a. 	 Olisand 	 Highly saturated with bitumen 

80.15 	 84.70 	4.55 	100% 	na. 	na. 	n.a. 	 Clay 	 Watersand and mud. 

84.70 	 89.70 	5.00 	1000/0 	9011/0 	1 	 1 	 Argillaceous Lms 	 Top of Devonian © 84,70m. Limey argillaceous Ims to 
84.80m. Blackened interval containing blackened clasts, 
brach shell frays and crinoids from 84.80m -85.00m. 
Argillaceous Ims continues from 85.00 - 85.90rn. From 85.90 
- 86.40m is  blackened interval containing blackened clasts 
and brachs, no cnnoids and highly bioturbated. Slightly 
nodular section from 86.40 - 86.60. (60°k argillaceous Ims, 
<1cm Ims). Argillaceous Ims continues from 86.60 - 
89.70m. No bioturbation in the argillaceous Ims. E.O.H. 



- - - - - - - - - - - - - - - - - - - 

Harnmerstone Corporation 
Frontier Assessment Report 

December, 2011 
Frontier Drill Core Lithological Log 
UWI: 	AA/10-23-99-11W4 
Ground: 	314.0 m 
Devonian: 254.5 rn 

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation Lithology 	 Description 

5500 	 59.5D 	4.50 	100% 	n.a. 	na. 	n.a. 	 Oilsand 	 Coarse sand. 
59.50 	 59.90 	0.40 	100°h 	80% 	4 	n.a. 	 De-calcified Lms 	 Sideritized over bottom 10cm. 
59.90 	 60.50 	0.60 	100% 	50% 	3 	4 	 Fossiliferous Blackened 	Sideritized over top 40cm. Bedding highly disturbed by 

Interval 	 bioturbation, Ims nodules not well defined. Rounded 
blackened clasts to 2 cm throughout. Crinoid frags scatted 
thrnuahoiit rare hrch. 

60.50 	 60.90 	0.40 	100% 	75% 	3 	2 	 Argillaceous Lms 	 Lms bed to 1 cm. 
60,90 	 62.50 	1.60 	1000/0 	90% 	3 	2 	 Argillaceous Lms 	 Very pure argillaceous lms. No lms lamina, no fossils. 
62.50 	 62.75 	0.25 	1000/0 	50% 	3 	 4 	 Fossiliferous Blackened 	Bedding highly disturbed by bioturbation, lms nodules not 

Interval well defined. Rounded blackened clasts to 2 cm throughout. 
Crinoid frags scatted throughout, rare brach. Burrows to 1 
cm with blackened margins at base. A.M. content decreases 
downward from 80 - 20%. 

62.75 	 64.05 	1.30 	100% 	80% 	0.03 	0.04 	 Argillaceous Lms 	 Isolated Ims nodules to 2cm. Bedding poorly defined. Rare 
brach. 

64.05 	 64.60 	0.55 	100% 	50% 	3 	4 	 Fossiliferous Blackened 	Bedding highly disturbed by bioturbation, Ims nodules not 
Interval 

	

	 well defined. Rounded blackened clasts to 2 cm throughout. 
Abundant brach traps. 

64.60 	 65.40 	0.80 	100 0/0 	 65 0/a 	3 	3 	 Interbedded Lms/Argillaceous Ims beds to 1 cm, argillaceous lms to 5 cm. Bedding 
Lms 

	

	 disrupted by bioturbation and structure. Gradational lower 
contact. 

65.40 	 68.50 	3.10 	100% 	950113 	 4 	2 	 Argillaceous Lms 	 Rare lms lamina over top 75cm. Recumbant fold ©66,00. 
_  	______   	E.O.H. 



- - - - - - - - - - - - - - - - - - - 

Hammerstone Corporation 
Frontier Assessment Report 

Frontier Drill Core Lithological Log 
	 December, 2011 

UWI: 	AA/10-27-98-10W4 
Ground: 	304.6 m 
Devonian: 210.6 m 

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation Lithology 	 Description 

56.40 	 61.20 	4.80 	5% 	na, 	n. a. 	na. 	 Quaternary 	 Recorded as cave - Contains 025 - 3 cm clean gravel. 
Ouartzite bouldber (Scm thick) 	61.2m. 

61.20 	 65.00 	3.80 	90% 	na, 	n . a. 	na. 	 Calcite-cemented Sandstone 	First occurance of calcite cemented McMurray, 10cm thick. 

65.00 	 78.50 	113.50 	65% 	na. 	n.a. 	na. 	 Watersand 

78.50 	 89,55 	11.D5 	35% 	na. 	n.a. 	n.a. 	 Calcite-cemented Sandstone 	Calcite cemented sand 

89.55 	 90.35 	0.80 	90% 	na. 	n,a, 	na. 	 Oilsand 	 Bitumen rich coarse sand 

90.35 	 92.10 	1.75 	900/0 	 na. 	n.a. 	na. 	 Calcite-cemented Sandstone 	Calcite cemented clean sand with bitumen rich intervals. 
Note: Both clean sand and bitumen saturated sand are 
calcified. Bitumen saturated sand is quite porous with visibli 
0.5 to 1mm pores. Clean sand is not porous. 

92.10 	 93.95 	1.85 	80% 	ma. 	n.a. 	na. 	 Calcite-cemented Sandstone 	Clean calcite cemented sand No bitumen impregment 
'çtions. 

93.95 	 94.30 	0.35 	900/0 	 na. 	na. 	n.e. 	 De-calcified argillaceous Ims 	Top of Devonian Firebag argillaceous ims. Section is 
decalcified. 

94.30 	 95.35 	1.05 	80% 	900/0 	3 	n.a. 	 Argillaceous Lms 	 From 93.35- 93.70 and from 95.15 to 95.30m are calcite 
cemented sections of Firebag. Smaller calcite cemented 
bands occur in the section. The remaining argillaceous Ims is 
iiableand decalcified- 

95.35 	 99.60 	4.25 	90°Aj 	90 11/o 	3 	 1  n. a. 	 Argillaceous Lms 	 Firebag is calcified, but still contains 1-2cm bands of calcite 
cemented bands. E.O.H. 



- - - - - - - - - - - - - - - - - - - 

Hammersione Corporation 
Frontier Assessment Report 

Frontier Drill Core Lithological Log 
	 December, 2011 

UWI: 	AA/10-27-101-11W4 
Ground: 	299.5 rn 
Devonian: 238.0 rn 

	

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation Lithology 	 Description 

	

58.45 	 62.00 	3.55 	1 	na. 	1 	 ri.a. 	 Watersand 	 Finely laminated mg, watersand. 5cm massive f.g. Pyrite at 
base. 

	

52.00 	 66.80 	4.80 	1 	0.5 	4 	3 	 Interbedded Lms/Argillaceous Lms and argillaceous Ims 1-3 cm. Blackened clasts:62.15, 
Lms 	 62.60-62.70, 63.00, 63.25, 64.50-64.52, 65.25-65.30, 

	

66.80 	 66.90 	0.10 	1 	0.25 	2 	4 	 Nodular Lms 	

j66.90 	 71.00 	4.1.0 	1 	0.7 	4 	3 	 Interbedded Lms/Argillaceous Blackened intervals: 67.55-67.65, 69.10-69.20. Core qui 
Lms 	 broken. 

	

71.00 	 72.00 	1.00 	1 	0.9 	3 	2 	 Argillaceous Lms 	 E0. H, 



Hammerstone Corporation 
Frontier Assessment Report 

Frontier Drill Core Lithological Log 	
December, 2011 

UWI: 	AA/10-29-99-10W4 
Ground: 	283.0 m 
Devonian: 193.2 rn 

From 	 To 	Thickness Recovery O/o A.M. Structure Bioturbation Lithology 	 Description 

89.80 	 95.40 	5.60 	1 	900/6 	0 	 1 	 Argillaceous Lms 

95.40 	 95.55 	0.15 	1 	40'0 	0 	 1 	 Nodular Lms 

95.55 	 95.80 	0.25 	1 	60% 	0 	0 	 Argillaceous Nodular Lms 

95,80 	 98.50 	2.70 	1 	900/0 	0 	 1 	 Argillaceous Lriis 	 E.O.H. 
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Hammerstone Corporation 
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Frontier Drill Core Lithological Log 	
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UWI: 	AA/10 -35 -99 - 11W4 
Ground: 	310.0 m 
Devonian: 229.4 m 

From 	 To 	Thickness Recovery 0/  A.M. Structure Bioturbation Lithology 	 Description 

74.55 	 80.60 	6.05 	1 	na. 	na. 	n. a. 	 Watersand 	 Thin laminar bedding. Bottom 50% is bitumin rich. Bottom 

    
 Scm i massive pyrite.  

80.60 	 81.40 	0.80 	 0.5 	3 	 1 	 Interbedded Lms/Argillaceous Top 10cm is a argillaceous Ims, below is an interbedded 
Lms 

	

	 Ims. A. M. decreases from 50% to 20d/o  down section. 
Argillaceous Ims in bottom 40cm has a 10 deg inclination. 

81.40 	 85.35 	3.95 	1 	1 	5 	0 	 Argillaceous Lm 	 Several large fractures running up the core. Some at high, 
80 deg angles others at moderate 45 dog angles to 
honzontal. Offset cannot be determined due to consistent 
finely laminated argillaceous Ims beds thoughout section. 
Some fractures are void, others filled with calcite mud. 

85.35 	 85.65 	0.30 	1 	0.5 	2 	4 	 Argillaceous Nodular Lms 	1-2cm limestone nodules surrounded by 1-2cm argillaceous 
lms beds. Not interbedded, possibly due to bioturbation. 

85.65 	 86.60 	0.95 	1 	0.1 	0 	 1 	 Clean Nodular Lms 	 Clean competent section of nodular limestone. Lms 1-3cm, 
argillaceous Ims <<1cm. Crinoids and brach shells, brachs 
jo to 2 Z. crinoids uo to 1cm. E.O.H. 
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UWI: 	AA/11-25-99-11W4 
Ground: 	297.0 m 
Devonian: 228.0 m 

From 	 To 	Thickness Recovery 0/0  A.M. Structure Bioturbation Litholagy 	 Description 

64.10 	 69.00 	4.90 	70% 	na. 	na. 	n. a. 	 Olisand 	 Bitumen rich coarse grained sand 

69.00 	 70.25 	1.25 	10011/0 	100% 	0 	0 	 Argillaceous Lms 	 Thinly laminated argillaceous Ims. Scm crinoid bed from 
69.80 - 69.85m. Section is sideritized from 69.00 - 70.10m. 

70.25 	 71.00 	0.75 	10011/b 	100% 	0 	0 	 Nodular Lms 	 Blackened clasts from 70.25-70.30cm. Small crinoids in 
   middle -of section. 

71.00 	 71.20 	0.20 	100% 	75% 	0 	0 	 Argillaceous Nodular Lms 	Almost interbedded. Thin section with 1cm tabular limestone 
beds and 1-3cm arillaceous Ims beds. 

71.20 	 71.55 	035 	100 0% 	35% 	0 	3 	 Nodular Lms 	 Bioturbated nodular limestone. Large 2-3cm brach shells at 
both ton and bottom of section. 

71.55 	 72.10 	055 	100% 	400/0 	 1 	0 	 Interbedded Lms/Argitaceous 1 cm Ims, <1cm argillaceous lm. Interbedded 
Lms  

72.10 	72.15 	0.05 	100% 	30% 	0 	3 	 Nodular Lms 	 1cm lms, 1 cm argillaceous Ims, large scale bioturbatian. 

72.15 	 74.40 	2.25 	100% 	500/0 	 1 	 1 	 Interbedded Lms/Argillaceous A cross between interbedded and nodular, more interbedded 
Lois 	 at top of section, becoming more nodular towards the 

bottom. No sharp change. 1cm pyrite nodule © 73.10m, 1-3 
cm brachs at 73.80m. Small crinoids throughout. E.O.H. 
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UWI: 	AA/11-26-100-11W4 
Ground: 	314.0 m 
Devonian: 194.0 m 

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation Lithology 	 Description 
115.05 	120.00 	4.95 	85% 	n.e. 	na. 	na. 	 Watersand 	 Brown coarse grained sand. 15 deg bed inclination. 0.85m of  

missinQcore frgm 119.15- 120.00m. 
120.00 	120.05 	0.05 	100% 	na. 	n.a. 	na, 	 Watersand 	 Massive sulphide - pyrite cemented sand. 
120.05 	123.85 	3.80 	100% 	90% 	0 	 1 	 Argillaceous Ims 	 Argillaceous Ims is laminar and has minor fracturing. Thin 

2cm band of massive sulphide 1 m of massive sulphides 
from 120.10 - 120.12m. Massive sulphides from 120.85 - 
121.95m pyrite. 1cm barite band © 122.95m. Rare 1 cm 
hinrlc nf lm' 

123,85 	123.90 	0.05 	1000/0 	100/0 	0 	 1 	 Clean Nodular Lms 	 Thin section of clean competent Ims. 
123.90 	129.90 	6.00 	98% 	900/0 	1 	 1 	 Argillaceous Lms 	 Argillaceous Ims is laminar and has minor fracturing. Rare I 

cm bands of Ims. 1cm barite vein @ 124.00m. Very fine 
pyrite veining © 126.55m. 5cm cave from 128.95 - 
129.00m. E.O.H. 
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UWI: 	M/11-35-100-11W4 
Ground: 	317.0 m 
Devonian: 200.7 m 

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation Lithology 	 Description 

115.35 	115.75 	0.40 	100% 	0% 	 - 	0 	 Clay 	 Clean grey clay with 2 small 5 and 10cm ollsand intervals. 

115.75 	115.90 0.15 	100% 	0% 	 - 	0 	 Watersand 	 Very coarse water sand, up to 2mm 
115.90 	116.30 0.40 	15% 	0% 	 - 	0 	 Waters-and 	 Coarse sand, 0.5 to 1mm 
116.30 	124.55 	8.25 	95% 	990/0 	 2 1 	 Argillaceous Lms 	 Top of Devonian. Very finely laminated (2-3mm) light grey 

argillaceous Ims. Argillaceous Ims contains numerous 
suphide beibs and intervals. Barite horizontal veinlets, 
vertical veinlets and blebs also occur. 1.5cm massive suphid 
interval @ 116.3m. Several fine deseminated sulphide 
interval 0 116.41ni. 2mm massive suphide interval i 
116.57. Sulphide bleb © 116.92. 2cm sulpide massive 
interval © 117.6. Fine barite crystals © 117.7m. Sulphide 
bleb © 18.38. 1.5 mm horizontal barite veinlet © 120.21 © 
120.33m. 7.5mm horizontal barite veinlet © 120.68m. 3mm 
horizontal barite veinlet@ 121.02m. 

124.55 	125.35 	0.80 	100% 	70% 	 2 4 	 Argillaceous Nodular Lms 	Highly bioturated arglIaceous lms with rare randomly 
oriented limestone nodules. Ims nodules are 1-3 cm thick, 
argillaceous lms is 1 -5 cm thick. Note: argillaceous Ims is 
NOT laminar in this part of the core. Near vertical barite 
veinlets occur in this section. Occassional barite blebs as 
wII FflI -  t 
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UWI 	AA/12-03-100-11W4 
Ground: 	341.6 rn 
Devonian: 216.4 m 

From 	 To 	Thickness I Recovery °Io A.M. Structure Bioturbation Lithology 	 Description 

118.65 	125.25 	6.60 	n.a. 	na. 	na. 	n,a. 	 Clay 

125.25 	 125.60 	0.35 	1001YO 	20% 	0 	2 	 Nodular Lms 	 Top or the Devonian © 125.25. Sideritized Ims with large 
sulphide nodules and fine suphide veins. Small crinoids at 
Devonian contact. 

125.60 	127.65 	2.05 	100% 	10% 	0 	3 	 Clean Nodular Lms 	 Competent nodular limestone. Hardground at 125.60m, 
immediately below is a 30cm section with very large 
cilnoids. (1cm). Same section as bottom of 02-09-100-
11W4. Harqround © 127.30m. Very large (4cm) brach shell 

i_177 RUm 
127.65 	128.15 	0.50 	100% 	30% 	1 	2 	 Nodular Lms 	 Hardground ©127.65m. Section becomes slightly more 

argillaceou5imsy  wnsgcigp. Hardciround li 128.1m. 
128.15 	130.35 	2.20 	100% 	90% 	0 	1 	 Argillaceous Lms 	 Few tabular nodules in the upper section, then becomes a 

oure argillaceous lm. 
130,35 	132.85 	2.50 	100 11/0 	300/b 	1 	 2 	 Interbedded Lms/Argillaceous Section becomes less argillaceous Imsy down section, from 

tms 	 50% at top of section to 15% at bottom of section. 
Blackened section from 131.45 - 131.70 m, section contains 
crinnidsjxarhc and hlirknd rIictc 

132.85 	134.05 	1,20 	100% 	65% 	2 	 1 	 Argillaceous Nodular Lms 	Section becomes more argillaceous lmsy down section, from 
50% at top of section to 80% at bottom of section. Lms 
nodules thin from 1cm to <<1cm. 

134.05 	134.45 	0.40 	100 11/0 	lOD% 	0 	0 	 Argillaceous Lms 	 E.O.H. 
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UWI: 	12-05-102-11W4 
Ground: 	332.6 m 
Devonian: 241.5 m 

From 	 To 	Thickness Recovery °k A.M. Structure Bioturbation Lithology 	 Description 

87.00 	 90.95 	3.95 	100% 	na, 	0 	na. 	 Shale 	 light brown shale. Pyrite lamina. 

90.95 	 91.15 	0.20 	100% 	na. 	0 	na. 	 Watersand 

91.5 	 92.75 	1.60 	100% 	90% 	4 	2 	 Interbedded Lms/Argillaceous Ims lamina to 1 cm. Vertical f.g. Pyrite veinlets in Ims beds. 
    Lms  

92.75 	 98.50 	535 	100% 	95% 	4 	2 	 Argillaceous Lms 	 Rare fossil bed to 2 mm. Rare f.g. sulphide nodules to t cm 

98.50 	 101.65 	315 	100 0/0 	95% 	4 	5 	 Argillaceous Lms 	 Highly bioturbated. More competent than overlying unit. 
E.O.H. 



- - - - - - - - - - - - - - - - - - - 

Frontier Drill Core Lithological Log 
UWI: 	00/ 12-06-099-08W4/0 
Ground: 	306.4 	m 
Devonian: 190.6 	m 

From 	 To 	Width 	Unit 	 Lithology 	 Description 

114.30 	115.80 	1.50 	McMurray 	Calcite Cemented 	Very c.g. sub-rounded arkosic ss. Grains to 3mm. Calcite cemented in part, qtz cemented in 
Sandstone 

	

	 part. Low angle crossbedding. Bedding inclined to 10-15 degrees (depositional??). No bitumen 
observed. 

115.80 	115.85 	0.05 	Firebag 	Siderite 	 Light tan/grey sideritized Ims. Bedding still observable. Upper contact with McMurray is 
undulatriu. 

115.85 	116.35 	0.50 	Frebag 	Decalcified Argillaceous Dark green decal cifiedargillaceouslms. 100 0/6 A.N1.. Bedding inclined 15 degrees. F. g. 
Lms 	 sulhides diseminated throughout. 

11535 	117.00 	0.65 	Firebag 	Siderite 	 Light tan sideritized Ims. Abundant (1-3%) f.g. pyrite stngers (<1mm wide, up to 2cm long) 
throughout. Gradational lower contact. 

117.00 	120.40 	3.40 	Firebag 	Argillaceous Lms 	Dark green argillaceous Ims. 90% AM.. 1-2cm light grey lms beds. Abundant (1-3 11%) f.g. 
pyrite stngers (<1mm wide, up to 2 c long) in Ims beds. Bedding inclined at 20-45 degrees. 
No fossils observed. No hardqround observed. Bioturbation difficult to determine-core not cut. 

120.40 	121.80 	1.40 	Firebag 	Brecciated limestone 	Uthology as above but broken into 10-20 cm angular clasts with 10-30cm intervals of c.g.calcite 
cemented ss. 

121.80 	124.60 	2,80 	Firebag 	Argillaceous Lms 	Dark green argillaceous Ims. 100 11/b AM.. Bedding inclined at 20-45 degrees. No fossils 
observed. No hardground observed. Abundant bedding parallel slickensided surfaces. 

124.60 	130.90 	630 	Slave Point 	Limestone 	 Light brown to whitish to light blue (colour getting lighter downward) finely bedded lms. Solid 
core, all brecciation is fully cemented. No fossils observed. Several 10cm irregular calcite-
cemented sand (as above) lenses over top 30 cm (breccia matrix). Brittle breccia affecting 35% 
of interval, dark brown (bituminous?) fine grained calcite matrix in breccia. Medium brown 
argillaceous Imw interval with Light blue Ims beds to S mm 126.80 - 127.10. Light grey-blue lms 
lamina over bottom metre. C.g. caldte filling in some breccia voids. Bottom of interval placed a 
first occurance of qtz sand beccia matrix. Minor minor soft sediment deformation observed. 

130.90 	134.90 	4.00 	Watt Mt/Ft. 	Brecciated Limestone 	Brecciated Ims with a sandy argillaceous lms matrix. Solid core, all brecciation is fully cemented 
Vermillion 	 Lms varies in colour from white to medium brown to light grey-blue. Matrix is mostly f.g. sand 

at top, argillaceous lmsing downward. Both brittle and soft sediment deformation observed. 
laminationc in omeJms da5ts No fncciLsobserved 

134.90 	136.70 	1.80 	Watt Mt/Ft. 	Limestone 	 Light grey-blue finely laminated Ims. May be partly dolomite. Brecciated in places with dark 
Vermillion 

	

	 grey argillaceous lms matrix. No fossils observed. Both brittle and soft sediment deformation 
observed. Solid core, aI[brecciationisfully, cemented. 

136.70 	131.40 	0.70 	Watt Mt/Ft. 	Brecciated Limestone 	Light to dark brown finely laminated Ims. Both brittle and soft sediment deformation observed.  
Vermillion 	Solid core, all brecciation is fully cemented. 

137.40 	138.10 	0.70 	Wall Mt/Ft. 	argillaceous lms 	Medium green brecciated calcareous argillaceous Ims. Scattered angular light grey Ims clasts to  
Vermillion 	1 cm. Abundant brachiood shells near base. 

From 	 ITO 	IWIdth 	Unit 	 Lithology 	 Description 



- - - - - - - - - - - - - - - - - - - 

138.10 	139.25 	1.15 	Watt Mt/Ft. 	Breccated Limestone 	Light to dark brown finely laminated lm. Both brittle and soft sediment deformation observed.  

Vermillion 	Solid core, all brecciation is fully cemented, 
139.25 	141.00 	1.75 	Watt Mt/Ft. 	Breccia 	 80% dark grey calcareous argillaceous Ims matrix with sub-rounded to sub-angular clasts of ugh 

Vermillion 

	

	 grey Ims and dolomitic Ims averaging 5 mm. Rare clast to 3 cm. Solid core, all brecciation is 
 fully cemented. 

141.00 	144.00 	3.00 	Watt Mt./Ft. 	Breccia 	 50% dark grey calcareous argillaceous lms matrix with angular to sub-angular clasts of light gre 
Vermillion 	 to medium brown finely laminated Ims averaging 2-3 cm. Solid core, all brecciation is fully 

14400 	150.00 	6.80 	Methy 	Dolomitic Lms 	Mottled to finely laminated light grey and light brown dolomitic Ims. Mottling is in part soft 
sediment deformation, part brittle deformation. Brecdated intervals are generally at a fine, cm-
scale. Laminated intervals are at mm scale (stroms??). Dark brown bitumionous lamina 
increasing downward. Minor anhydrite in breccia voids. No fossils observed. Occasional sylolite 
Bedding near horizontal. Solid core, all brecciation is fully cemented. 

150.80 	154.70 	3.90 	Methy 	Zebra Dolomitic Ims 	White to light grey zebra-textured vuggy dolomitic Ims. Calcite-lined vuggs to 1 cm. Massive, 
not brecciated. Bedding near horizontal. No bitumen observed on vuqgs. Very minor native 
sulphur. No obvious stoms or corals observed. Rare crinoid fragment?? 

154.70 	166.00 	11.30 	Basal Red Beds Conglomerate 	Sandy conglomerate. Angular to sub-angular (also soft sediment contorted) clasts of light grey 
to white lms, medium brown finely laminated Ims to 3 cm. Matrix in light grey calcarious m.g. 
arkosic sandstone. Soft sediment deformation prevalent in both clasts and matrix (slumping?), 
no horizontal bedding observed. Occational f.g. rusty pyrite nodule to 5 mm. Native sulphur 
over top 3 metres. Sand becoming very coarse grained over bottom metre but no crystaline 
basement clasts observed. E.O.M. @ 166.00. 
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UWI: 	AA/12-10-100-11W4 
Ground: 	338.2 m 
Devonian: 254.0 m 

From 	To 	Thickness Recovery 0/0  A.M. Structure Bioturbation Lithology 	 Description 

8060 	 8420 	3.60 	1000/0 	n.a. 	na. 	n,a. 	Oilsand 

84.20 	 85.20 	1.00 	100 11/0 	80% 	3 	 3 	 Argillaceous Lms 	 Bedding at 15 degrees. Lms lamina to 1 cm. Abundant  
sulphides. 

8520 	 86.20 	1.00 	100% 	70% 	3 	3 	 Interbedded Lms/Argillaceous Lms interbeds to 5 cm have slight nodular texture. 
Lm5  

86.20 	 86.70 	0.50 	1000/a 	900/6 	3 	3 	 Argillaceous Lms 	 Bedding at 15 degrees, Lms lamina to 1 cm. Scattered 
ovrrhotite appreciates to 1cm. 

86.70 	 87.00 	0.30 	1000/0 	25% 	3 	3 	 Nodular Lms 	 Slight blackening at top. Large sulphide aggregates to 3 cm. 

87.00 	 88.20 	1.20 	100% 	75% 	4 	3 	 Interbedded Lms/Argillaceous Lms interbeds to 2cm have slight nodular texture. Scattered 
Lms 

	

	 fine grainned pyrrhotite aggregates to 5mm. Rare mm-scale 
barite veinlet. Bottom contact is fault at 70 degrees. 

88.20 	 89.65 	1.45 	1000/0 	90% 	3 	 1 	 Argillaceous Lnis 	 Rare Ims lamina to 2 mm. Rare whole brach. 

89.65 	 94.95 	5.30 	1000/0 	65°Io 	4 	 3 	 Interbedded Lms/Argillaceous Fossiliferous blackened intervals: 91.15-91.17, 92.10-92.20, 
Lms 	 92.70-92.72, 93.20-93.23, 94.60-94.65. E.O.H 
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Frontier Drill Core Lithological Log 
UWI: 	AA/12- 11 - 101 - 11W4 
GL: 	317.2 m 
Devonian: 229.3 m 

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation Lithology 	 Description 

84.10 	 8710 	3.00 	50% 	na. 	na. 	n.a. 	 Qilsand 	 Coarse grained oilsnd with gry sand interbeds. 
87.75 	 87.85 	0.10 	100% 	na, 	na. 	n.a. 	 pyrite cemented sand 	Coarse gra i ned 
87.85 	 88.85 	1.00 	50% 	na. 	na. 	na. 	 De-calcified Lms  
88.85 	 90.50 	1.65 	100% 	90% 	1 	 1 	 Argiflaceous Lrns 	 Rare Ims bed to 3cm. No fossilis observed. 
90.50 	 91.10 	0.60 	100% 	50% 	2 	2 	 Nodular Lms 	 Interbeded apperance with km Ims and argilLaceous Ims 

beds alternating. Lms beds are more nodular and 
bioturbated than true interbedded texture. Tabular 

91.10 	 93.70 	2.60 	100% 	90% 	1 	 1 	 Argillaceous Lms 	 Rare mm-scale bioturbated Ims lamina. 
93.70 	 93.90 	0.20 	100% 	70°Io 	1 	 3 	 Fossiliferous Blackened 	Rounded blackened clasts to 5mm, fine grained fossil hash. 

Interval 	 No large fossil clasts observed. 
93.90 	 94.20 	0.30 	100% 	75% 	3 	3 	 Interbedded Lms/ArgpLlaceous 

Lms  
94.20 	 95.35 	1.15 	100% 	85% 	2 	3 	 Argillaceous Lms 	 Whispy, discontinuous, bioturbated Ims lamina. No fossils 

observed. 
9535 	 95.38 	0.03 	100% 	75% 	1 	 1 	 Fossiliferous Blackened 	Very fine grained blackened interval. 

Interval  
95.38 	 95.65 	0.27 	90% 	90% 	3 	2 	 Argillaceous Lms 	 Core somewhat broken. 
95.65 	 95.68 	0.03 	100% 	50% 	1 	3 	 Fossiliferous Blackened 	Rounded blackened in a somewhat nodular-textured 

Interval 	 blackened interval. Large brach fragments at base. 
95.68 	 96.10 	0.42 	1000/0 	80% 	1 	 3 	 Argillaceous Lms 	 Whispy, discontinuous, bioturbated Ims lamina. No fossils  

observed. 
96.10 	 96.20 	0.10 	100% 	50% 	1 	 3 	 Fossiliferous Blackened 	Rounded blackened clasts to 5mm, fine grained fossil bash, 

Interval 	 I.F.C. at base. 
96.20 	 96.50 	0.30 	1000% 	70% 	3 	3 	 Interbedded LmsjArgillaceous Interbedding poorly defined, disrupted by bioturbatian. 

Lms  
96.50 	 96.52 	0.02 	100% 	50% 	1 	 2 	 Fossiliferous Blackened 	Intralomational texture, tabular blackened clasts. 

Interval  
96.52 	 97.60 	1.08 	100% 	soc/c 	i 	3 	 Interbedded LmsjArgillaceous bedding 1-3 cm. Interbedd!ng poorly defined, disrupted by 

Lms 	 higturbation. 
97.60 	 97.65 	0.05 	100% 	500/0 	1 	 3 	 Fossiliferous Blackened 	Slight nodular texture. Fine grained blackened fossil hash. 

Interval  
97,65 	 97.91) 	0.25 	100% 	60°/c 	1 	 2 	 Interbedded Lms/Argillaceous bedding 1-3 cm, well defined. 

LmS  
97.90 	 97.95 	0.05 	100% 	40% 	1 	 2 	 Fossiliferous Blackened 	Rounded blackened dasts to 1 cm. Fine fossil hash. 

Interval  
97.95 	 98.35 	0.40 	100% 	500/b 	1 	3 	 Interbedded Lms/'Argillaceous bedding 1-3 cm, Interbedding poorly defined, disrupted by 

     Lms 	 bioturbation, 
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From 	 To 	Thickness Recovery Jo  A.M. Structure Bioturbation Lithology 	 Description 

	

98.35 	 98.45 	0.10 	10011/0 	40% 	 3 	 FossiLiferous Blackened 	Rounded blackened clasts to 1 cm. Fine fossil hash. 
Interval  

	

98.45 	 98.65 	0.20 	10011/0 	50% 	1 	3 	 Interbedded Lms/Argillaceous bedding 1 cm 
LmS  

	

98.65 	 98.70 	0.05 	100% 	40% 	1 	 3 	 Fossilrferous Blackened 	Rounded blackened clasts to 1 cm. Fine fossil hash. 
Interval  

	

98,70 	 103.25 	4.55 	100 0/0 	500/0 	 1 	3 	 Argillaceous Nodular Lms 	Fairly uniform unit. Rare whole brach in shaly sections. 

	

103.25 	103,30 	0.05 	100 0/0 	 70010 	1 	 3 	 Fossiliferous Blackened 	Poorly bounded bed of blackened clasts and fossil bash. 
Interval  

	

103.30 	103.80 	0.50 	100 11/0 	70% 	1 	3 	 Argillaceous Lms 	 Whispy, discontinuous, bioturbated Ims lamina. No fossils 
observed. 

	

103.80 	103.90 	0.10 	100% 	5011/0 	1 	 3 	 Fossiliferous Blackened 	Brach-rich blackened interval. 

	

r/. Interval
10390 	104.50 	0.60 	60%1 	 3 	 Interbedded Lms/Argillaceous Interbedding on mm-scale, 1-cm cross-bedded ms intervals 

 Lms 	 © 104.10 and 104.20. E.O.H. 
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UWI: 	AA/14-1 1-99-10W4 

Ground: 	263.3 m 

Devonian: 170.6 m 

From 	 To 	Thickness Recovery % A.M. Structure Bioturbation LithaiDgy 	 Description 

88.65 	 92.30 	3.65 	80% 	n.e. 	2 	na. 	Watersand 	 C.g. Wdtersand 

92.30 	 92.70 	0.40 	100% 	60% 	2 	na. 	 De-calcified Lms 	 Finely laminated de-calcified argilraceous Ims. 20-30% f.g. 
sulphides. 

92.70 	 95.00 	2.30 	100% 	50% 	0 	2 	 Argillaceous Lms 	 Odd unit. Very solid core, indurated. Finely laminated but 
lacking distinct 'clean Ims beds. Abundant elliptical  
horizontal burrows to 3mm. 

95.00 	 98.00 	3,00 	100 0/0 	25% 	2 	3 	 Nodular Lms 	 Grey nodular Ims. Lacks light brown colour of cleaner 
nodular lms intervals. No hardgrounds observed. E.O.H. 



- - - - - - - - - - - - - - - - - - - 

Frontier Drill Core Litholoqical Log 
UWI: 	M/12-16-99-8W4 
Ground: 	297.0 m 
Devonian: 	114.5 m 

Hammerstone Corporation 

Frontier Assessment Report 

January, 2012 

From 	 To 	Width 	Unit 	 Lithology 	 Description 

111.00 	114.50 	3.50 	McMurray 	Water Sand 	 C.g. water sand 
114.50 	115.80 	1.30 	McMurray? 	Sand Clasts 	 C.g. calcarious sand with abundant c.g. buff to dark brown angular dolomite clasts to 5 cm. 

Disseminted f.ci.vrite 
115.80 	116.45 	0.65 	rlethy 	Dolomite 	 White finely laminated dolomite. Brecciated in places with dark calcareous matrix, Possibly 

   strom over too 10cm. 
116.45 	117.45 	11,00 	r4ethy 	Laminated Ims 	Finely laminated light grey/blue to buff Ims. tooth-structure 	118.35. 
117.45 	118.60 	1.15 	Methy 	Grey Lms 	 Massive to finely laminated brecciated dolomitic lms. Light buff dolomitic Ims over top 15 cm 

grading into brecciated/mottled finely laminated light grey-blue Ims in middle grading into finely 
laminated light arev Ims at base. "5" fold over bottom 25cm 

118.60 	119.35 	0.75 	Methy 	argillaceous Ims 	Light green to light brown argiLlaceous Ims 
119.35 	120.10 	0.75 	Methy 	Laminated Dolomite 	Light grey lam inated dolomite. Laminations are undulating. Brecciated in places. 
120.10 	121.45 	1.35 	Methy 	Laminated dolomite 	Buff to dark brown bituminous dolomite. Brecciated in places with a dark brown bituminous 

matrix. 
121.45 	124.15 	2.70 	Methy 	argillaceous lms/Lms 	Medium grey-green argillaceous Ims with light grey Ims beds to 30cm. 
124.15 	124.85 	0.70 	Methy 	White Dolomite 	White massive to finely laminated do!omite.Brecciated with a dark brown dolormtic bituminous 

   matrix. 3cm mssiv f.g. sulhides at base. 
124.85 	127.20 	2.35 	Methy 	Breccia 	 Angular to sub-rounded clasts of light grey Ims, white Ims, buff dolomite (rare sub-horizontal 

lamina) in a medium green-grey argillaceous Ims matrix. Matrix becoming silty downward. 
Correlates with interval 58.30 - 60-60m in 16-36-99BW4.. 

127.20 	129.85 	2.65 	Methy 	Laminated Sandy Lms Light grey to white to buff irregular and contorted lms lamina to 4 cm in a matrix of coarse 
grained calcite sand. Flow structures throughout. Correlates with interval 60.60-62.45m in 16- 

129.85 	132.85 	3.00 	Methy 	Bituminous argillaceous Contorted clasts of white Ims, laminated buff Ims and light grey lms in a dark brown calcareous 
Ims breccia 	 matrix. Most clasts 2-5mm, but some up to 3cm. E.O.H. 



- - - - - - - - - - - - - - - - - - - 

F-ian rnerslone Corporation 
Frontier Assessment Report 

January 2012 

Frontier Drill Core Lithological Log 
IJWI: 	AA/16-36-99-08W4/0 
Ground: 	283.0 m 
Devonian: 233.9 m 

From 	 To 	Width 	Unit 	Lithology 	 Description 

38.50 	 45.20 	6.70 	Quaternary 	Brown Clay 	 Medium brown clay with rare light pink sandy stringer. Rounded dropstanes to 3 cm, concentrated at 
base of interval. 

45.20 	 49.10 	390 	Quaternary 	Pink Sand 	 Light pink mg. sand with abundant rounded dropstones to 3 cm. Large (10cm) white quartzite clast at 
base. 

49.10 	 50.25 	1.15 	Metby 	Dark Grey Bituminous 	Highly contorted mixture of dark grey calcareous bituminous argillaceous Ims hosting angular to 
argillaceous Ims 

	

	rounded clasts of dark grey Ims, buff bituminous Ims, white dolomitic Ims. Clasts 2mm 3cm. Faint 
raverina at 20 deorees at top and bpse. 

50.25 	 50.75 	050 	Metby 	Strom. Dolomitic Ims 	Buff finely laminated bituminous dolomitic Ims strom. Some 2-3cm thick massive intervals. Bitumen 
staiping on stroms and fractures. 

50.75 	 51.50 	0.75 	Methy 	Laminated Lois 	Finely laminated medium grey Ims with buff bituminous dolomite laminations to 2 cm. Bedding slightly 
disturbed, 

51.50 	 51.65 	0.15 	Metby 	Dolomite 	 Massive buff dolomite. 

51.65 	 53.30 	1.65 	Metby 	Laminated Lms 	Finely laminated medium grey Ims with dark green argillaceous Ims beds to 15 cm. Bedding slightly 
disturbed, White Anhydrite veinlets, 

53.30 	 54.05 	0.75 	Methy 	Laminated Dolomite 	Light grey finely laminated dolomite. Rare light grey lms bed to 1 cm. Becoming argillaceous over 
bottom 20 cm. 

54.05 	 54.60 	0.55 	Metby 	Brecciated laminated 	Light brown brecciated finely laminated dolomite. Interval broken into angular clasts to 5 cm cemented  
dolomite 	 in medium brown bituminous matrix. 

54.60 	 54.70 	0.10 	Methy 	Strom. Dolomitic lms 	Buff finely laminated bituminous dolomitic Ims strom. Bitumen staining on stroms and fractures. 

54.70 	 55.20 	0.50 	Methy 	Laminated Dolomite 	Medium brown finely laminated dolomite and dark brown bituminous dolomite. Bedding relatively 
undisturbed, 

55.20 	 56.45 	1.25 	Metby 	Laminated Lms 	Finely laminated white to medium grey Ims and dark green argillaceous lms. Brecciated in places. 

56.45 	 5630 	0.05 	Metby 	Strom. Dolomitic Ims 	Buff finely laminated bituminous dolomitic lms strom. Bitumen staining on stroms and fractures. 

56.50 	 56.60 	0.10 	Methy 	argillaceous Ims 	Brecciated medium green calcareous argillaceous Ims with angular clasts of white lms to 2 cm. 

56.60 	 57.05 	0.45 	Methy 	White Dolomite 	Massive to brecciated white to very light buff dolomite. Large Crinoid stem fragments. 

57.05 	 58.30 	1.25 	Methy 	Brecciated Massive Lms Light grey massive Ims (not finely laminated) with bedding highly distupted/brecciated. Possibly highly 
bioturbated over bottom 60cm, flow structurepver bottom 30cm 

58.30 	 60.60 	2.30 	Methy 	Breccia 	 Angular to sub-rounded clasts of light grey Ims, white lms, buff dolomite (rare sub-horizontal lamina) in 
a medium green-grey argillaceous Ims matrix. Matrix becoming silty downward. Correlates with 	

rval 
 

124.85 - 127,20m in 12-16-99-8w4. 



- - - - - - - - - - - - - - - - - - - 

Harnmerstone Corporation 
Frontier Assessment Report 

January 2012 

From 	 TO 	Width 	Unit 	Lithology 	 Description 

60.60 	 62.45 	185 	Methy 	Laminated Sandy Lms Light grey to buff irregular horizontal Ims lamina to 4 cm in a matrix of coarse grained calcite sand. FloIA  

structures near base. Correlates with interval 127.20 - 129.85m in 16-3699-8W4. E.O.H. 
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