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1.0 INTRODUCTION 

1.1 GENERAL 

This report presents the geological work undertaken to date on the Telkwa coal 

licences in west-central British Columbia held by Manalta Coal Limited. Work 

completed during the 1992 exploration program is particularly emphasized, 

detailing the geology, coal reserves and coal quality of affected license areas. 

1.2 LOCATION AND ACCESS 

The Telkwa Coal Property is located in west-central British Columbia approximate- 

ly 15 kilometres south of the city of Smithers and about 2 kilometres southwest of 

the community of Telkwa (Enclosure I), both of which are situated along the Yel- 

lowhead Highway (Highway #16) 11 kilometres apart. Smithers, in turn, is located 

380 kilometres by rail east of Prince Rupert and the Ridley Island coal handling 

facilities (Figure 1 .I). Smithers is serviced by commercial aircraft on a daily basis. 

The Telkwa Property currently consists of 14,658 hectares held under 58 coal 

license blocks, measuring approximately 20 kilometres in the north-south direction 

by 14 kilometres east-west. The Telkwa River flows eastward through the property 

bisecting it into two approximate halves, both of which contain coal measures of 

economic significance. 

Access to the north side of the property is via Smithers along an all-weather public 

road which approximately parallels the Bulkley and Telkwa Rivers. The south side 

of the property is accessed from the community of Telkwa, again by an all-weather 

road. Logging roads are common, especially on the southern half of the property, 

branching periodically from the all-weather access road, allowing access to more 

remote locations of the property via four-wheel drive and all-terrain vehicles. 
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The area is serviced by a 500 KV powerline which bisects the property in an 

approximate east-west direction, running along the south side of the Telkwa River. 

In addition, Pacific Northern operates an underground natural gas transmission line 

which also transects the property, parallelling the south side of the Telkwa River 

and branching northward towards Smithers along the eastern licence blocks. 

1.3 PHYSIOGRAPHY 

The physiographic setting for the Telkwa property is typically foothills, intermediate 

to the Bulkley Range of the Hazelton Mountains and the low-lying gently rolling 

relief of the Nechako Plateau. The Bulkley Range is obvious to the north and west 

of the property where the landscape is bedrock controlled, while within the property 

limits and easterly topography is generally rounded and covered with widespread 

glacial drift. Bedrock on the property is usually obscured as glacial sediments form 

a shallow mantle over much of the area, exceptions occurring sporadically or along 

sections of deeply eroded river and stream valleys such as Goathom Creek. 

The principal drainage system on the property is the Telkwa River which flows east 

across the property until it ultimately flows into the Bulkley River at the community 

of Telkwa. Major tributaries to the Telkwa River include Pine Creek which drains 

much of the area on the northern licences, and Tenas and Goathorn Creeks 

which drain the south. 

Elevations within the property limits range from a low of 530 meters above sea 

level at the Telkwa River’s eastern contact with the property boundary to a high 

of 1375 metres at the property’s southernmost extremity near Cabinet Creek. Most 

elevations, however, lie within 600 and 900 metres. 

Vegetation at lower elevations along watercourses consist mainly of cottonwoods, 

spruce and shrubs. The tree layer is typically composed of large, widely spaced 

cottonwoods with scattered hybrid spruce and trembling aspen. The understorey 
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is composed of a rich diversity of shrub species which include high-bush cranberry, 

red-osier dogwood, alder, prickly rose, snowberry and black twinbeny. At higher 

elevations the predominant vegetational cover consists of lodgepole pine, balsam 

fir and spruce. Understorey species include alder, willow, black twinbeny and 

prickly rose (TAESCO, 1985). Some of the area has been commercially logged 

and a number of areas have been cleared for agricultural purposes. 

Pacific Inland Resources Ltd. of Smithers harvests timber within the license area 

for the production of commercial building products. One of the principal mills in 

the area is situated at the outskirts of Smithers along the access road to the north 

side of the property. 

Soils in the vicinity vary in thickness and have developed on glacial till, outwash 

sediments and occasionally on weathered parent material. Parent material 

generally tends to be represented by either sedimentary sandstones and siltstones 

of the Skeena Group or volcanic sediments of the Hazelton Group. 

1.4 TENURE 

The Telkwa Property currently consists of 14,658 hectares (36,221 acres) of coal 

licences as well as 1295 hectares (3200 acres) of Freehold land collectively held 

by Manalta Coal Limited (Enclosure 2). Surface ownership rights are held in part 

by the Crown (approximately 70% of the property surface area), in part by Manalta 

Coal Ltd. (approximately 8% in the form of Freehold land) and in part by third party 

land owners. The property coal licences are summarized on Table 1.1. 
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TABLE ,.,: TEWA PROPERTY - COAL UCENCE SUMMARY 

UCENCE NUMBER HECTARES ACRES EXPIRN DATE 

3709 WI 

7691 

3710 EVI 
3675 BVI 

7692 

3676 BV/ 
3677 BVI 
3878 8Vl 

3679 BVI 
3880 8VI 
3601 8VI 

3682 8VI 
3883 BVI 
3864 8VI 

4260 

4261 
4262 

4264 
4265 
4267 
4269 

4270 
4271 

4272 
4274 

4275 
4276 
4277 

4278 
4279 
4280 

4261 
4262 
4283 
5839 

6040 
5305 

5306 
5307 

7693 
7694 

7695 
7696 
8208 

8209 
6210 
8211 
6402 
8403 

6422 
8423 

0424 
6425 
8426 

6527 
8426 
8429 
6442 

259.00 
259.00 

259.00 
259.00 

130.00 
260.00 
260.00 

260.00 
269.00 
269.00 
259.00 
259.00 

259.00 
259.00 

259.00 
259.00 
259.00 

640.0 

640.0 
640.0 
640.0 
640.0 

640.0 
640.0 

640.0 
321.2 
642.5 

642.5 
642.6 
664.7 
664.7 

640.0 
640.0 

640.0 
640.0 
640.0 

640.0 
640.0 

259.00 640.0 
130.00 321.2 

TOTAL 14,658.OO 36,221 

259.00 
259.00 
259.00 

259.00 
259.00 
259.00 

259.00 
259.00 
259.00 

259.00 
259.00 
259.00 
259.00 

259.00 
259.00 

259.00 
259.00 
259.00 
259.00 

259.00 

259.00 

259.00 

259.00 

259.00 

259.00 

259.00 
259.00 
259.00 

259.00 
259.00 
259.00 

259.00 
259.00 
259.00 
259.00 

130.00 
259.00 

259.00 
259.00 

640.0 
640.0 
640.0 
640.0 
640.0 

640.0 
640.0 
640.0 

640.0 
640.0 
640.0 

640.0 
640.0 
640.0 

640.0 
640.0 
640.0 

640.0 
640.0 
640.0 
640.0 
640.0 

640.0 
640.0 

640.0 
640.0 
640.0 

640.0 
640.0 
640.0 
640.0 

640.0 
640.0 

321.2 
640.0 

December31.1993 
December31.1993 
December31,1993 

December31.1993 
December31.1993 
December31.1993 
DecemberJ’I, 1993 

December31,1993 
December31,1993 
December31.1993 

DecemberSl, 1993 
December31,1993 
December31.1993 

December31.1993 
December31. IQ93 

December31,1993 
December31,1993 
December31.1993 
December31.1993 

December31,1993 
December31.1993 
December31.1993 
December31.1993 

December31.1993 
December31,1993 
December31,1993 

December31.1993 
December31.1993 

December31,1993 
December31,1993 
Decemberdl. 1993 
December31,1993 

December31.1993 
December31,1993 
December31,1993 

December31,1993 
December31.1993 

December31.1993 
December31,1993 
December31,1993 
December31.1993 

December31,1993 
December31, IQ93 

May30.1994 
May 30,3994 

May 30,1994 
May 30,1994 

January 31,1994 
January 31.1994 

July 30,1994 
July 30.1994 

July 30.1994 
July 30,1994 
Juiy 30,1994 

July 30.1994 
July 30.1994 
JUlv 30.1994 
JUG 30; 1994 



1.5 HISTORICAL PERSPECTIVE 

Coal was initially discovered in the Telkwa area at about 1900 although production 

did not commence in the Goathom Creek area until 1918. On the north bank of 

the Telkwa River the Aveling (Telkole) Mine produced from 1921 to 1922 and 

again from 1940 to 1945. Telkwa Colliery (McNiel Mine), on the south side of the 

Telkwa River, began producing in 1923 (Malott, 1990). Initial mining production 

was mainly for local consumption until after 1930 when underground operations 

were initiated at Bulkley Valley Collieries near Goathom Creek. Production since 

that time has been sporadic, however, with underground operations oflen curtailed 

by structural complications and inadequate pre-development exploration. 

Since 1950 the Telkwa Coalfield has been actively prospected by a variety of 

companies. The following is a summary of the area’s exploration activities since 

that time. Regional geology, plotted annual exploration drill-holes and identified 

resource areas are found within Enclosure 3. 

- 1951 - The Government of Canada conducted a regional survey, 

much of which included the Telkwa licence area. 

- 1969 - Canex Aerial Limited completed a drilling program of 

approximately 20 boreholes on the Telkwa North licenses. 

- 1977 to 1978 - Cyprus Anvil Mining completed a rotary drilling 

program within the Telkwa South licences. 

- 1979 - Shell CanadalCrowsnest Resources Ltd. completed 13 rotary 

drill-holes, 4 of which were located on Telkwa South licenses, and the 

remaining 9 situated on the north side of the Telkwa River. Chip samples 

ware not recovered for analysis. 
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- 1981 - Shell CanadalCrowsnest Resources Ltd. completed a mapping 

and exploration drilling program which consisted of 11 rotary holes and one 

diamond drill-hole spaced randomly throughout the Telkwa property. Coal 

samples were recovered from 4 of the rotary holes as well as the diamond 

drill-hole for analyses. 

- 1982 - Shell CanadalCrowsnest Resources Ltd. drilled 72 boreholes 

on the property, the majority of which were located on the south side.of the 

Telkwa ‘River. Of the 72 holes, 7 were rotary drill-holes and 6.5 were 

diamond drill-holes. Coal samples were collected and analyzed from all 

holes which intersected significant coal units. 

- 1983 - Shell CaliadalCrowsnest Resources Ltd. completed 69 

diamond drill-holes on the Telkwa South licences, most of which were 

located within what has been designated as the Pit #3 resource area. 

Included within the program were a small number of large-diameter core- 

holes which, along with all other drill-holes that intersected significant coal 

units, were sampled and had coal analyses performed. Of the 69 

boreholes completed, 11 were situated within !he proposed Pit #3 test-pit 

limits, to provide a preview of the pit development. 

Based upon drill-hole information a 219 tonne bulk sample from 7 seams 

was extracted from a test-pit located within the Pit #3 area. Full coal 

analyses were performed on various simulated washplant products. 

- 1984 - Shell CanadalCrowsnest Resources kd. completed 44 

diamond drill-holes, the majority of which were located within the Pit #3 

resource area on the south side of the Telkwa River. Less than 10% of the 

holes were drilled on the Telkwa North coal licences. All significant coal 

units were sampled and analyzed. 
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- 1985 - Shell CanadalCrowsnest Resources Ltd. completed 4 diamond 

drill-holes, all of which were located north of the Telkwa River. All 

significant coals were sampled and analyzed. 

- 1986 - Shell CanadalCrowsnest Resources Ltd. completed 4 diamond 

drill-holes, again located on the Telkwa North coal licences within an area 

that has been designated as Pits #7 and #8 Resource Area. Coal 

analyses were performed on all significant seams. 

- 1988 - Shell CanadafCrowsnest Resources Ltd. completed an explor- 

ation program exclusive to the Telkwa North licences which consisted of 

initially completing approximately 3.5 kilometres of surface geophysics to 

highlight potential target locations. The area was subsequently drilled with 

14 diamond drill-holes from which coal samples were collected and 

analyzed. 

- 1989 - Shell CanadalCrowsnest Resources Ltd. completed an explor- 

ation program consisting of drilling and surface geophysics on the Telkwa 

North coal licences, and reflection seismic exploration within the Pit #3 

area of the Telkwa South licences. In addition a large-diameter coring 

program was undertaken specifically targeted at obtaining a bulk sample 

from the Pit #7 resource area. 

The conventional exploration drilling program included 31 bore-holes, 18 

of which were rotary drill-holes, and the remaining 13 continuous core 

diamond drill-holes. Coal samples for analyses were collected from all 

holes which intersected significant coal although only cored bore-holes 

were provided a full analyses as rotary drilled test samples were not 

considered representative. North Telkwa surface geophysics included 

approximately 15.4 kilometres of geophysics shared between the Pit #7 

resource area, the Pit #8 proposed waste dump area and the proposed 

infrastructure facilities location. 
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Upon completion of the conventional exploration program four previously 

drilled sites in the Pit #7 area were selected as locations for large- 

diameter (6 inch) core-holes. From these a bulk sample from 7 seams was 

extracted and provided a full analysis. 

As part of a joint investigation managed by the Coal Mining Research 

Company of Devon, Alberta, 4 seismic lines totalling 4.9 kilometres were 

laid out and a reflection seismic exploration program completed. The area 

chosen for the investigation was within the Pit #3 resource area where 

reasonable drill-hole control had previously been established. 

- 1989 - The Geological Survey of Canada, as part of a province-wide 

study of coal quality, drilled 9 core-holes for a combined total length of 280 

metres in the vicinity of the old Bulkley Valley Collieries site near Goathom 

Creek. All coal intersections were sampled and subsequently analyzed. 

- 1992 - Manalta Coal Ltd. of Calgary, Alberta acquired the Telkwa Coal 

licences on May 1st of 1992 from Shell CanadalCrowsnest Resources Ltd.. 

Since that time Manalta Coal conducted an exploration program which 

included 3.6 kilometres of surface geophysics, a regional airborne magnetic 

survey review and 43 drill-holes. The surface geophysics and 39 of the 43 

holes drilled were located on the Telkwa North licences, while the 

remaining 4 drill-holes were completed on the south side of the Telkwa 

River in the vicinity of Tenas Creek (Enclosure 4). 

Of the 43 bore-holes completed 19 were diamond core-holes, 3 were rotary 

core-holes and 21 were drilled utilizing conventional rotary techniques. All 

holes completed in the Tenas Creek area were of the rotary variety 

although one was rotary cored through its coal measures. All significant 

coal seam intersections from cored’drill-holes were sampled and analyzed. 
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Coincidental with the exploration drilling program representatives from the 

British Columbia Ministry of Energy, Mines and Petroleum Resources 

(MEMPR), and the Institute of Sedimentary and Petroleum Geology (ISPG) 

were on site to conduct coalbed methane desorption tests on selected 

Telkwa coal samples. The study conducted by the MEMPR and the ISPG 

is part of a regional study of methane desorption in British Columbia 

coalfields. 
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2.0 GEOLOGICAL WORK 

On the basis of preliminary geological work carded out by various groups prior to 1992 the 

exploration program conducted by Manalta Coal Ltd. was designed to further delineate 

high potential mining targets and to initiate reconnaissance of other areas. It was also 

intended to provide additional data on the geology, reserves and coal quality of those 

potential mining targets. Licence blocks on which 1992 exploration activities took place 

include CL4278, CL4279, CL4280, CL4281 and CL8403 on the north side of the Telkwa 

River and CL4267 and CL5839 on the south side (Enclosure 4). 

2.1 SCOPE OF WORK 

Work completed during the 1992 field exploration program, which included an 

airborne magnetic survey review, 43 drill-holes, 3.6 kilometres of surface 

geophysics and reclamation, spanned from mid-August to mid-October. Surface 

geophysics work took place coincidentally with drilling activities while reclamation 

continued until adverse weather halted reclamation efforts. 

2.1 .I Topographic Mapping 

In 1992 high as well as low level survey control was established over much 

of the Telkwa licence area and an updated set of aerial photographs was 

generated. The affected licence area consisted of approximately 21.5 

square miles within the western licence blocks, which included those blocks 

where 1992 exploration activities were focused. From the newly generated 

airphotos topographic mapsheets were prepared, at a scale of 15000, 

with a 5-metre contour interval. These were, in turn, tied to existing 

adjacent 15000 topographic mapsheets. 
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2.1.2 Surface Geophysics 

The applicability of surface geophysics as a coal exploration tool was 

tested on licence blocks CL4279, CL4280, CL4281 and CL8403, where 3.6 

kilometres were completed. This area was selected because intrusive 

rocks were known to exist over part of the area and faults of significant 

displacement were present within coal measures sediments. Specific 

methods tested include: 

1. Total Field Magnetics Survey; for locating the subsurface 

position of igneous rocks. 

2. Horizontal Loop Electromagnetic Survey (Max-Min); its best 

application is for locating steeply dipping bedding as well as 

conductive structures such as faults, or shales bounding coal 

subcrop. 

3. Direct Current Profiling Survey; which detects the presence 

of high resistivity units such as coals or igneous rocks. 

Detailed results of the geophysical program are presented within the report 

presented by Geophysicon Co. Ltd. (Enclosure 5). 

2.1.3 Airborne Magnetic Survey 

Results of airborne magnetometer surveys flown in 1967 over the Telkwa 

area have been reviewed to determine whether this data provides a cost- 

effective method of evaluating the extent of the Hazelton Volcanics. 

Detailed results.of the review are presented within the report prepared by 

Geophysicon Co. Ltd. (Enclosure 6). 
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2.1.4 Drilling 

During the 1992 field season 19 continuous core diamond drill-holes, 3 

rotary core-holes and 21 conventional rotary drill-holes were completed, for 

a total of 4,787 metres. All drill-holes, which are summarized on Table 2.1, 

were geophysically logged upon completion and surveyed prior to site 

reclamation. Including 1992 exploration 306 drill-holes have been 

.completed on the Telkwa Property since 1979 (Enclosure 7). For the 1992 

exploration program a Failing 1250 truck-mounted drilling rig was used to 

complete all rotary drill-holes while an Acker Diamond Drilling Rig 

completed all diamond drill-holes. McAuley Drilling Co. of Spruce Grove, 

Alberta completed the rotary component of the program while J.T. Thomas 

Diamond Drilling of Smithers, British Columbia completed all diamond 

drilling requirements. 

Wireline as well as conventional coring techniques were employed during 

the exploration program. Diamond drill-holes were continuously cored, 

extracting 6.3 centimetre diameter (NQ) core from the top of competent 

strata through the entire length of the hole. For rotary wireline core-holes, 

a conventional rotary pilot hole was drilled initially at the site location and 

subsequently a second adjacent hole was drilled, where selected coal units 

were cored, and rock units between core intervals were conventionally 

drilled. Ten centimetre diameter core was recovered at these locations. 

Core recoveries from both methods were excellent, generally ranging from 

80% to 100%. 
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Table 2.1 Telkwa 1992 Drill-hole Summary 

(m) thknss sam,,les holes Orllled 
Comments 

T92D-26 102 

I T92R-27 1 

143.2 GD”CDP 26 
155.4 GDVCDpS 15.1 

152.4 GD 19.7 
191.5 GDVC 18.3 
134.1 GDVC 19.8 

152.4 GDVC 24.4 23.17 

234.7 GDVC 21.3 

134.1 GDVC 20.6 19.82 

131.1 GDVC 7.5 
97.5 GD”CDpS 6.6 4.88 

121.9 GDVCDp 5.5 7.01 
176.8 GD 10.6 

76.2 GDVC 5.5 4.88 

73.1 GDVC 5.5 3.05 

85.3 GDVC 11.5 11.28 

85.3 GDVC 5.5 3.96 

127.7 GDVC 5.5 2.13 

48.8 GDVC 5.5 4.27 
67.1 GDVCD,, 5.5 4.27 

58.6 GDC 6 4.27 

84.5 GDVC 12.2 
134.1 GDVC 5.5 2.74 

104.6 GD 7.5 
164.6 GDVC 5.5 3.05 

112.8 GD 22.9 
79.2 GDC 5.5 3.05 

152.4 GDVC 34.9 
48.9 GDVC 10.6 9.75 
60.9 GDVC 6.1 8.69 

48.8 GDVC 6.1 12.20 

121.9 GDVCDp 6.7 6.70 

84.1 GDC 6 6.70 

121.9 GDVCDp 22.9 
146.3 GDVCDp 30.4 

97.5 GDC 9.5 9.60 

121.9 GDCV 21.9 
152.4 GDVC 12.8 11.28 

.70.1 GDCD!, 22.9 
76.8 GDCD; 13.7 
42.7 GDC 12.1 

62.5 GDCDp 6.4 2.29 
16.3 GDC 5.5 2.29 

67.4 GDCDp 8.5 12.80 

53.9 GDC 4.6 4.57 
29.6 GD 0 5.50 

83.3 GDCVDp 8.5 1.83 
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31 
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37 
- 

0 
- 
- 
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38 
20 

62 
- 
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- 

15 

4 
7 
- 

11 
- 

8 
- 
- 

- 
46 

- 
- 

61 
- 

- 

- 
- 
- 

- 
22 

34 
- 

33 
- 

- 

- 
- 
- 

37 
- 
- 

- 
-L 

- 

- 
- 
- 

- 
- 
- 
- 

Sept. 2/92 J.T. Thoma* 

Sept. 3 J.T. Thomas 
Sept. 4 J.T. Thomas No open hole log. 
Sept. 5 J.T. Thomas 

Sept. 6 J.T. Thomas A.R.D. Sox#l 
Sept. 6 MCAlhY NO cm,. 

Sept. 8 J.T. Thomas 

Sept. 8 McAuley 

Sept. 8 J.T.Thomas A.R.D. Sox#2 

Sept. 8 McAuley 

Sept. 10 McAuley 
Sept. 10 J.T. Thomas No open hole log. 

Sept. II McAuley 

Sept. 12 MCA”kY 

Sept. 18 McAuley 

Sept. 18 McAuley 

Sept. 19 McAuley Sms 5 8 2 tested for methane. 

Sept. 20 McAuley 

Sept. 21 McAuley 
Sept. 28 McAuley 
Sept. 22 J.T. Thomas A.R.D. Sox#3 

Sept. 22 McAuley 

Sept. 23 J.T. Thomas No open-hole. CHZ.ARD Sx#3. 

Sept. 24 McAuley 

Sept. 25 J.T. Thomas No open-hole log. ARD Sax #2. 

Sept. 25 McAuley 

Sept. 26 J.T. Thomas No coal. 

Sept. 25 McAuley 
Sept. 26 McAuley No coal. 
Sept. 27 MCA”kY 

Sept. 29 McAuley 

Oct. 3192 McAuley 

Sept. 29 J.T. Thomas A.R.D. Sox#l. 

Oct. 1 J.T. Thomas 

Oct. 1 McAuley 

Oct. 2 J.T. Thomas 
Oct. 2 McAuley 
Oct. 3 J.T. Thomas 

Oct. 4 J.T. Thomas 

Oct. 5 J.T. Thomas 

Oct. 5 McAuley Tenas Ck. drill-hole. 

Oct. 7 McAuley Tenas Ck. core-hole. 

Oct. 5 McAuley Tenas Ck. drill-hole. 

Oct. 6 J.T. Thomas 

Oct. 6 McAuley Tenas Ck. No open-hole loi. 
at. 7 McAuley Tenas Ck. drill-hole. 

.-_ll. 

TOTALS: 4786.6 m&es 

Diamond: 2407.1 
Rotary: 2220.5 

Rotary Core: 159.0 
4786.6 metres 

585 233 

where: G = Gamma Log 

D = Density Log 

C = Caliper Log 
v = verticality Log 

Dp = Dipmeter Log 
S = Sonic Log 

A.R.D. = Acid Rock Drainage 



2.1.4.1, Drill-hole Numbering 

Drill-holes completed between 1979 and 1989 were not numbered 

utilizing a common numbering scheme. As a result, in 1992, all 

drill-holes completed to date on the property were renamed to 

reflect a common system. The original numerical component of 

the name was retained to avoid confusion but prefixes denoting 

the year drilled and the type of drill-hole were made consistent. 

An example of the adopted system would be T85D-502 where: 

T - denotes it as a Telkwa Property drill-hole. 

85 - classifies it as being drilled in 1985. 

D - denotes it as a diamond drill-hole; R as a rotary. 

502 - is its original numerical component. 

For rotary core-holes a C would follow the numerical component. 

A complete drill-hole listing is provided within Enclosure 7. 

2.1.4.2 Geophysical Logging 

When physically possible all holes were open-hole geophysically 

logged shortly after drilling was suspended. Where poor downhole 

conditions were encountered a slimline gamma-density tool was 

lowered through the drillstem so as to obtain at least one complete 

log of the hole. Detail logging (I:20 Scale) was undertaken over 

significant coal seam intervals only. Copies of geophysical log 

responses for each borehole are presented within Enclosure 30. 

In most cases downhole conditions were satisfactory and the 

following open-hole geophysical log responses were obtained: 
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Gamma Ray General I:100 Scale 

Long Spaced Density General I:100 Scale 

Sonic General I:100 (on selected holes only) 

Dipmeter General I:100 (on selected holes only) 

Caliper 

Deviation 

Gamma Ray Detail I:20 Scale 

Long Spaced Density Detail I:20 Scale 

Bed,Resolution Density Detail I:20 Scale 

2.1.4.3 Drill-hole logging, Sampling and Analysis 

All core-holes completed during the 1992 exploration program 

were logged in detail (Enclosure 8) and a total of 585 coal ply 

samples collected. In addition rock samples from representative 

core-holes were collected for subsequent analyses for Acid Rock 

Drainage potential. Cuttings descriptions from rotary drill-holes, as 

described in the field, are found within Enclosure 9. Specific 

details of analyses conducted and test results are discussed in 

Section 4.0. 

2.1.5 Reclamation 

Reclamation activities were undertaken in areas disturbed by 1992 

exploration activities, as well as the old Bulkley Valley Collieries Mine site 

located along the east bank of Goathom Creek. All disturbed areas were 

recontoured, reseeded and fertilized using Forestry approved mixtures. 

Access trails on sloping ground were water barred for erosion control, and 

additional topsoil was added to areas that inhibited new plant growth. All 

work was carried out in accordance with the regulations and guidelines of 
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B.C. Forestly. Areas which were not reclaimed in 1992 due to the onset 

of adverse Weather were completed during ,June of 1993. 

, 
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3.0 GEOLOGY 

3.1 REGIONAL GEOLOGIC SETTING 

During Jurassic and Cretaceous time much of the western portion of British 

Columbia was formed as the result of several terranes that moved slowly toward 

and eventoally collided with the North American craton. The Telkwa coalfield is the 

product of sedimentation that occurred as one such terrane, the Stikine Terrane, 

pushed eastward to eventually become sutured to the North American landmass 

(Richards, 1988). 

Successor basins, which formed in response to the approaching terrane, were the 

focus of rapid sedimentation, subsidence and increased tectonic activity. One 

such successor basin, the Bowser Basin, had developed during Middle Jurassic 

time near the present-day location of Smithers. It was a centre of deposition, 

bounded on the north by the Stikine Arch, on the south by the Skeena Arch and 

on the east by the early uplifling of the Columbian Orogeny. The Telkwa coalfield 

developed along the northern flank of the Skeena Arch near the southern limit of 

sedimentary rocks in the Bowser Basin (Figure 2.1) (Palsgrove and Bustin, 1991). 

Deposition of the coal-bearing sediments in the Telkwa area was initiated into the 

Bowser Basin during the Lower Cretaceous, following uplift and erosion of the 

Skeena Arch. Although this sedimentation initially came from the south and west, 

aneastern provenance soon dominated, a response to the increased uplifl of the 

Columbian Orogeny. The result in the Telkwa area is represented by more than 

500 metres of coal-bearing strata referred to as the Lower Cretaceous Skeena 

Group. In the Telkwa coalfield Skeena Group sediments unconformably overlie 

Jurassic Hazelton volcanics. 
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C = Cenozoic 

M = Mesozoic 

P = Paleozoic and 
Proterozoic 

‘0 200 , 
Km 

I 1 

Figure 2.1. Tectonic Elements of British Columbia (R.J. Palsgrove, 1990). 



3.2 STRATiGRAPHY 

Sedimentation of Skeena Group sediments occurred throughout the Lower 

Cretaceous, during which time deposition was influenced by two regressive I 

transgressive episodes. As a result the stratigraphic sequence (Enclosure IO) is 

divisible into four lithostratigraphic units (Palsgrove and Bustin, 1989) described 

below. Porphyritic Tertiary and Cretaceous intrusive dykes and sills commonly 

disrupt local stratigraphy as does a large Tertiary granodiorite plug identified on the 

northern coal licences. 

3.2.1 Unit I 

The basal unit, Unit I, was deposited in a fluvial environment on an eroded 

Hazelton volcanic basement of Jurassic age. In the Telkwa area Unit I 

may be in excess of 100 metres in thickness and consists mainly of 

conglomerate, sandstone, mudstone and coal. Sands and gravels were 

typically deposited in braided channels and bars while mudstones 

accumulated in floodplains. Coals within this unit, collectively referred to 

as Coal Zone 1, formed in poorly drained backswamps and are 

characterized by lateral variation throughout the study area. Deposition of 

Unit I ended with a marine transgression and deposition of Unit II. 

3.2.2 Unit II 

Unit II was deposited within a deltaic I shallow marine environment and 

consists of up to 140 metres of sandstone, silty mudstone and occasional 

thin coaly mudstone. Sands were deposited in distributary channels and 

mouth-bars while mudstones and silty mudstones accumulated in 

interdistributary bays. The thin discontinuous peat beds, none of which are 

of economic significance, accumulated in local salt marshes. 
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3.2.3 Unit III 

Unit Ill is indicative of the second regressive episode for the area and 

represents the deposition of the main coal-bearing stratigraphic sequence. 

The unit averages 85 metres in thickness and comprises of sandstone, 

siltstone, carbonaceous mudstone and thick, laterally extensive coal 

seams. Restricted nearshore marine, tidal flat and coastal swamp environ- 

ments persisted throughout much of the deposition of Unit Ill. Sandstone 

units were deposited within tidal channels while interbedded sandstones 

and siltstones were deposited nearshore within intertidal environments. 

Mudstones are representative of tidal flat deposits. Indications are that 

there was significant marine influence during deposition of the entire unit. 

Coal Zones 2 through 11 are represented in Unit Ill, collectively consisting 

of up to 17 coal seams of economic significance. The coal zones were 

likely formed in freshwater peat swamps, located landward of the tidal flat, 

somewhat isolated from influxes of brackish water. The presence of 

sulphur in most of the coal seams suggests, however, that the peat was 

infiltrated periodically by marine water. Thus the major coal seams are 

interpreted to have formed from peat accumulated in a freshwater marsh 

that was proximal to a brackish environment. The Snuggedy Swamp of 

South Carolina is considered a modern analog for the paleoenvironment 

in which Unit Ill was deposited. 

3.2.4 Unit IV 

Unit IV overlies the coal measures and represents a marine transgression 

that temlinated coal deposition over the study area. The unit exceeds 150 

metres in thickness and consists of sandstone overlain by silty mudstone. 

The basal sandstone is a transgressive lag deposit while the remainder 

represents deposition within a near-shore, shallow marine environment. 
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3.3 STRUCTURAL GEOLOGY 

Since deposition of the Skeena Group of sediments during the Lower Cretaceous 

the Telkwa area has undergone at least two episodes of structural significance. 

The Upper Cretaceous of the Bowser Basin reflects a time of deformation, when 

high angle faulting and plutonism were occurring eastward within the Omineca 

Crystalline Belt, and increasing uplift was occurring to the west. This was a result 

of the suturing of the Stikine Terrane to the North American craton and also the 

effects of additional terranes approaching from the west. Although folding in the 

Telkwa area was not as significant as in other portions of the basin, high angle 

faulting roughly trending in a north-south direction are apparent in the Telkwa 

coalfield, especially on the south side of the Telkwa River. Porphyritic Late 

Cretaceous dykes and sills also occur locally within the coal measures. 

During the Tertiary much of the area on the north side of the Telkwa River was 

intruded by a large granodiorite and quartz monzonite intrusion. The igneous 

body, which vertically intruded the Skeena sediments, complicated the structural 

geology of the area further. This is especially apparent at close proximities to the 

intrusive body on the northern coal licences. Structural repercussions in the 

Skeena sediments appear to be represented by high angle faulting, establishing 

a mosaic of structural blocks that have been rotated and tilted into a variety of 

orientations. No specific orientation has been observed to the faulting although 

faults are apparent in concentric geometries near the intrusive body and also 

appear to crudely radiate from the intrusive edge. Fault displacements have been 

observed to range from only a few metres to more than 150 metres. 

Although bedding orientations for the area tend to be fault block controlled, each 

with independent orientations, dips generally range from IO to 30 degrees. In the 

fault blocks associated with the Pit #3 resource area dips are typically 20 degrees 

to the east, while within the blocks of Pit #7 & #8 they average 17 degrees to the 

east and northeast respectively. In the Northwest Area, block orientations are to 

the southeast and southwest, with dips ranging from 10 to 35 degrees. 
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3.4 DETAILED GEOLOGY 

Exploration work completed by Manalta Coal Limited in 1992 was performed 

mainly on the north Telkwa coal licences and was focussed on further deljneation 

of the Pits #7 and #8 resource areas, with some reconnaissance work completed 

in the Tenas Creek area on the south side of the Telkwa River (Enclosure 4). In 

the Pits #7, #8, and the Northwest resource areas the seams represented within 

Unit Ill (Seams #2 - 11) are of economic significance. In the Tenas Creek area, 

however, the main seams of interest are those of the Seam #I coal package of 

Unit I. 

The Pit #7-and #8 resource areas have been modelled utilizing the Lynx Mine 

Modelling System. The resultant models are considered to be an accurate 

representation of the geological information obtained to date. The northwest 

extension of the Pit #8 area (the Northwest Area) has not been modelled thus far, 

as additional drilling is considered necessary to accurately determine its geometry. 

Tenas Creek Area, which contains 5 drill-holes, only 3 of which have intersected 

coal units, is also considered to have inadequate drill-hole control to merit 

modelling at this time. No additional work was undertaken within the Pit #3 area 

in 1992, and time did not allow modelling of the deposit within the Lynx system 

during the current year. 

The stratigraphic columns prepared for each of the main resource areas 

(Enclosure 10) clearly illustrate some of the regional variations and trends which 

occur within seam and interseam lithologies throughout the Telkwa Coalfield. 

Some of the more notable trends are as follows: 

- The coal seams within Lithostratigraphic Unit I, collectively referred to as 

Seam #I, are separated from the overlying coals of Unit Ill by up to 140 

metres of shallow marine origin sediments. As such the seams have not 

been intersected by drilling, except on occasion, wittiin most of the 

resource areas drilled to date. The exception is the Tenas Creek Resource 
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Area where the Unit I coals are the represented target of interest. 

Correlation of the #I seams between resource areas is currently unrefined 

and additional information is required to further determine the consistency 

and lateral variability of individual seams. 

- Seam #2 remains consistent throughout much of the property although 

thin partings are apparent’within the Pit #3 and #7 resource areas. The 

seam does, however, exhibit some thickness variability over short 

distances especially within the northwest portion of Pit #8. Seam #2 

Upper, which overlies Seam #2, is thin and developed only within the 

eastern resource areas north of the Telkwa River. Seam #2 Lower, which 

underlies Seam #2, also occurs on the northern side of the river but is 

significant only within the western resource areas. 

- Seam #3 remains one of the most consistent seams in the stratigraphic 

sequence of Unit Ill. It is found throughout the resource areas which 

exploit Unit III, and is consistently split into Seams #3 Lower and Upper by 

a mudstone parting rarely exceeding one metre in thickness. 

- Seam #4 is not developed within the Pit #7 area nor is it found within the 

southeast portion of Pit #8. This seam, and eventually Seam #4 Upper, 

develops westward into Pit #8 and the Northwest Area, and southward into 

the Pit #3 area. The parting thickness between Seam #4 and #4 Upper 

increases progressively in a northwesterly direction. 

- Seam #5 is well-developed throughout the property but splits to become 

Seams #5 Lower and Upper in the western resource areas on the north 

side of the Telkwa River. 

- Seam #5ex is undeveloped throughout most of the property but begins 

to develop within the Pit #8 resource area, becoming increasingly apparent 

on the west side of Pit #8. Within the Northwest Area the seam continues 
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to thicken and represents one of the thickest and best developed seams 

of the area. 

- Although Seam #6 exhibits some variability between Pit #3 and #7, split- 

ting from a single seam in Pit #3 to more than 3 seams in Pit #7, it remains 

consistent, found throughout the resource areas. Throughout Pit #8 and 

Northwest Area the seam is represented as #6 Lower and Upper, 

separated by a parting averaging approximately one metre in thickness. 

- Although generally thin and considered uneconomic throughout most of 

the resource areas Seam #7 is laterally continuous and shows little 

variability throughout the coalfield. The exception is within Pit #7 where the 

seam is commonly absent from the sequence. 

- Seam #8, although present throughout most of the resource areas, 

exhibits considerable variability with respect to seam thickness, oflen over 

short lateral distances. Seam #8, as well as those seams overlying it, are 

not well represented within the Pit #7 area since most of that sequence 

was eroded from that area prior to glaciation. 

- Seam #9, due to its thickness and quality characteristics, is rarely 

considered of economic significance. The seam is characterized by visible 

pyrite banding and as a result has higher than average raw sulphur values 

compared to other seams. Like underlying Seam #8 it often exhibits seam 

thickness variability and lateral discontinuity. 

- Seam #IO is a relatively consistent seam, present throughout most of the 

Pit #3, Pit #8 and Northwest areas. The seam varies in thickness, 

however, oflen over short lateral distances. 

- Seam #II, the roof of which forms the top of Lithostratigraphic Unit Ill, 

is found throughout the Telkwa North resource areas where it is usually a 
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consistent, continuous seam. It does, however, exhibit some regional 

thinning within the northeast segment of Pit #8. 

- Four notable sandstone units have been identified within or proximal to 

the Seam #2 to #II coal seam package. The #2 Sandstone, which 

underlies the #2 and #2 Lower seams represents the thickest, most 

consistent and predictable sandstone unit of the four. Forming the top of 

Lithostratigraphic Unit II, it is a massive sandstone in excess of 10 metres 

in thickness which has been observed to commonly contain pelecypod 

shells or shell fragment horizons within it. The sandstone ‘unit is most 

strongly developed on the resource areas located on the north side of the 

Telkwa River. 

The #3 Sandstone, stratigraphically located in Unit Ill between Seams #3 

Upper and #4, is present throughout the resource areas but remains 

thickest and best developed within the Pit #3 area. The sandstone unit 

thins considerably in Pit #7 and continues to thin becoming siltier westward 

into Pit #8 and Northwest Area. 

The #7 Sandstone is situated stratigraphically within Unit Ill between Seam 

#7 and #8 and is laterally continuous throughout the resource areas on 

both sides of the Telkwa River. The unit commonly is interbedded with 

finer-grained lithologies and is least developed in the Pit #7 area. 

The #I 1 Sandstone, or Unit IV Sandstone as it is sometimes referred to, 

represents the base of Lithostratigraphic Unit IV and usually directly 

overlies Seam #Il. This marine sandstone is regionally correlatable 

across the resource areas, displaying only minor variability. The unit does, 

however, tend to be slightly thinner in Pit #3 than within Pit #8 and 

Northwest Area. 
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3.4.1 Pit #7 Resource Area 

To date 18 drill-holes have intersected the Unit 111 coal measures (Seams 

$2 - 11) within the Pit #7 area (Enclosure 11). Drill-hole spacing for the 

area is currently approximately 125 metres. Enclosure 12 presents a 

summary of all drill-hole seam intersections and average seam thicknesses 

encountered within the Pit #7 resource area to date. Individual drill-hole 

details and seam intersection data is provided within Enclosure 13. 

The coal measures trend in a north-south direction and dip east to 

northeastward until they terminate against a northeast-southwest trending 

near vertical fault. This normal fault exhibits considerable displacement 

(approximately 150 metres) juxtaposing thin coal seams characteristic of 

the #I seams against the Unit Ill coal seams found in Pit #7. The coal 

measures also abruptly terminate to the north where Skeena sediments 

have been intruded by a large Tertiary granodiorite plug. The intrusive 

truncates the sediments at nearly 90 degrees to bedding and extends 

beyond Pit #7, Pit #8 and into the Northwest Area. Small-scale faulting 

has been identified at close proximities to the intrusive contact in other 

areas and is suspected ‘in Pit #7 as well. The coal seams gubcrop to the 

west and south, as illustrated on cross-sections 7A through 7E (Enclosure 

14). Cross-section locations are referenced on the Pit #7 Geology Map 

(Enclosure 11). 

3.4.2 Pit #8 Resource Area 

Current exploration for the Pit #8 resource area is such that 44 drill-holes 

intersect the coal measures of the #2 - #II seam package of Unit Ill, 

providing a drill-hole spacing of approximately 150 metres. Drill-hole data 

has identified that the area consists of two parallel trending fault blocks 

which present a repetition of the Unit Ill coal-bearing sequence (Enclosure 
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15). Displacement on the normal fault separating the two blocks ranges 

from 40 metres near its southeastern end, to 80 metres at its northwestern 

terminus with the Tertiary intrusive body. Several smaller-scale 

displacement faults have also been identified, at close proximities to the 

intrusive body and near the southeastern limits of current exploration in the 

area. The deposit geometry is complicated further by localized occurrences 

of seam thickness variability and some uncertainty as to the limits of the 

deposit at its southeast end. 

The coal seams subcrop to the southwest and are constrained on the 

northeast by the granodiorite intrusive. An area of intense faulting and the 

absence of coal-bearing sediments terminates the Pit #8 resource area to 

the northwest. Indications are, however, that the Pit #8 structure is not 

closed to the southeast where the coal trend may continue. Further explor- 

ation is required. Bedding orientations throughout the resource area are 

generally to the northeast as indicated by area cross-sections 8A through 

8L (Enclosure 18). Cross-section locations are referenced on the Pit #8 

Geology Map (Enclosure 15). Drill-hole seam intersections have been 

summarized within Enclosure 16 and specific hole details are found within 

Enclosure 17. 

3.4.3 Northwest Resource Area 

Indications from drill-hole information and surface geophysics are that the 

coal sequence present within Pit #8 is re-established at mineable depths 

in the Northwest Area (Enclosure 19). The area is, however, characterized 

by north-south trending faults near the intrusive boundary and a thick till 

cover which ranges up to 35 metres. Some thinning of seams #2 through 

#5 appears to exist although the upper seam package continues to be well- 

developed. Additional exploration is required in the area to fully establish 

field limits and the deposit geometry. Seam intercept summaries are within 
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Enclosure 20 and a detailed summary of drill-holes is presented in 

Enclosure 21. 

Bedding orientations within the area’s western fault block range from IO - 

35 degrees to the south-southwest, while near the intrusive body bedding 

dips range up to 30 degrees to the southeast. The cross-section 

generated through the area illustrates the current interpretation of the field 

geometry (Enclosure 22). 

3.4.4 Tenas Creek Resource Area 

The coal measures intersected by 1992 exploration drilling (Enclosure 24) 

are considered to represent the #I Coal Zone of Unit I and may be 

correlatable, although fault displaced, to seams intersected by 1982 drilling 

in the vicinity of Cabinet Creek. Bedding orientations at Tenas Creek, 

based upon dipmeter logs and three rotary drill-holes which intersected 

Seam #I, are 9 degrees to the northeast (Enclosure 23). A summary of 

drill-holes completed in the Tenas Creek area to date, including those of 

Cabinet Creek, is provided within Enclosure 25. Tenas Creek coal-bearing 

sediments are presumed to lie unconformably over Jurassic Hazelton 

volcanic rocks. 
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4.0 COAL QUALITY 

The evaluation of coal quality for the 1992 exploration program is based upon the 

analytical results from core obtained from diamond and rotary drill-holes. The primary 

purpose of the coring program was to obtain sufficient samples of significant coal seams 

for a reliable determination of the raw and clean characteristics of the Telkwa Coalfield. 

Analytical data received from 1992 analyses, as well as those from previous years’ 

analyses, have been compiled and summarized for the Pit #7, Pit #8, Northwest Area and 

Tenas Creek resource areas (Enclosures 13,17,21 and 25 respectively). 

Specific lab analyses were performed by Loring Laboratories Limited of Calgary, Alberta, 

while Tenas Creek reflectance analyses were completed by David E. Pearson & 

Associates Ltd. of Victoria, British Columbia. Most samples collected were representative 

of selected coal lithologies, although some seam roof, floor and parting lithologies were 

also collected and subsequently analyzed. Specific analyses performed were completed 

in accordance with the coal quality flowsheet provided as Figure 4.1. 

Coal in the Telkwa Coalfield vanes from High Volatile A bituminous to semi-anthracite by 

the ASTM classification of coal rank. The vast majority of the area coals, however, are 

a High Volatile A bituminous product with RoMax vitrinite values generally ranging from 

0.80 to 1.00 percent. Within the coal measures of the Skeena G’roup sediments, obser- 

vations are that, coal rank generally tends to decrease slightly for coal units situated 

higher in the stratigraphic column. Localized occurrences of medium-volatile and semi- 

anthracite coals are thought to have resulted from either post-Cretaceous heat sources, 

deeper burial and subsequent uplift of some coal-bearing units, or from localized higher 

heat flux from the pre-Cretaceous basement. Slight increases in coal rank have been 

observed in coals situated at close proximities to the Tertiary intrusive on the northern 

resource areas. 
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4.1 QUALITY CHARACTERISTICS 

Coal quality parameters have been determined from core samples recovered since 

1979 from each of the resource areas identified thus far in the Telkwa coalfield. 

The results presented in this report represent a compilation of all analytical results 

thus far accumulated within resource areas Pit #7, Pit #8, Northwest Area and 

Tenas Creek. Analytical results of 1992 ply samples are presented within 

Enclosure 26 and compiled analytical results for seam composites are available 

for each area, providing details for individual drill-holes, within Enclosures 13, 17, 

21 and 25. 

Analytical results from core extracted in 1992 have provided additional information 

to the existing Telkwa coal quality database. Raw ash values for main seams vary 

widely ranging from 7.85 % to up to 56.22%. A similar variability exists with 

respect to the raw sulphur contents of individual seams, with values ranging from 

0.30% to 7.77%. It has been observed, however, that although the sulphur 

contents between seams may vary, values for specific seams normally remain 

relatively consistent throughout the field. In contrast, volatile matter, fixed carbon 

and calorific values show considerably more consistency between seams. 

Petrographic analysis was performed on one 1992 core sample collected from 

Seam #I in the Tenas Creek resource area. Results of the analysis are presented 

within Enclosure 27. 
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5.0 COAL RESOURCES 

Quantities of in-situ coal have been determined from drill-hole seam intersection 

information gathered between 1979 and 1992. Specific resource areas have been 

identified, each of which represents an independent field within the Telkwa Coalfield. 

Each possess unique characteristics with respect to deposit geometries and all exploit the 

coal measures of either Unit I or Unit Ill. 

Coal resources prepared for this report have been classified according to the Standardized 

Coal Resource/Reserve Reporting System for Canada compiled by the Geological Survey 

of Canada (1989). Due to the nature of the Telkwa deposit, the resource areas identified 

thus far within the coalfield have been classified as complex geological deposits. As a 

result the drill-hole density which currently exists allows the Pit #7 and much of the Pit #8 

coal reserve to be classified as measured, while the Northwest Area is considered inferred 

to indicated. The Tenas Creek prospect has been classified as inferred, as it requires 

additional work to establish field limits, deposit geometry and coal quality characteristics. 

5.1 RESOURCE CRITERIA 

It is the intent of this study to report the total quantity of significant coal occurring 

within resource areas identified or further delineated by 1992 exploration activities. 

Resource areas reported on include Pit #7, Pit #8, Northwest Area and Tenas 

Creek. The reader is referred to previous years’ Assessment Reports for reserve 

estimate details of other resource areas identified on the Telkwa Property. Table 

5.1 presents a summary of the estimated in-situ coal reserve established to date 

for each of the Telkwa Property resource areas. 

Reserve estimates have been prepared based upon drill-hole seam intercept 

information established from geophysical log signatures. Resource areas for which 

geological models were generated (Pit #7 and Pit #8) have had total in-situ 

reserves estimated via the Lynx Mine Modelling System. For the Northwest and 
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Tenas Creek areas, reserve estimates are based upon simpler, more direct 

measurement methods. 

For those areas not computer modelled average seam thickness values were cal- 

culated for each resource area and subsequently the surface area that each seam 

occupied was measured for each area. The resultant reserve estimates for the 

Northwest and Tenas Creek resource areas are based upon the following fomlula: 

R=AxThxSG 

where R = Coal Reserves (tonnes). 

A = Area occupied by a particular seam (m2). 

Th = average seam thickness for a particular resource area (m). 

SG = the Specific Gravity of a particular seam (g/cm3 = t/m3). 

5.1.1 Pit #7 Reserve 

Only significant seams were modelled, and thus ultimately considered 

during the reserve calculations of the Pit #7 resource block. Crtteria for 

seam selection were based mainly upon seam thickness; generally seams 

which exhibited thicknesses of 0.50 metres or greater were included in the 

volume calculations. Partings with thicknesses exceeding 0.30 metres 

were considered separable and were not included as part of the seam 

package. Seams utilized in the reserve calculations, which are equivalent 

to those modelled, include: 

- Seam2 

- Seam 3L 

- Seam3U 

- Seams 5 and 5R 

- all of the Seam 6 coals 

35 



* 
. 

Seams overlying the #6 coal package were not considered as they were 

intersected only with one drill-hole and are in turn not adequately 

represented within the field. The total in-situ coal reserve thus calculated 

for Pit #7 is 4,327,OOO tonnes. 

Table 5:l Estimated In-situ Geological Coal Reserve; Telkwa Property 

1992 in-situ Coal Resew& 

Resource Area 
Geological 

Reserve 
(M. tonnes) 

Confidence 

Level 

elkwa North: Pit #7 Area ------- 4.33 _--___ Measured 
Pit #8 Area _---- 14.25 --- Measured 

Northwest Area ---____ 11.06 ___-___ Indicated & Inferred 
29.64 

elkwa South: Pit #I ,2 Area ___-__ 3.37 * --- Indicated 
Pit #3 Area ___-_ 12.86 * --- Meas - 80%; Ind - 20% 
Pit #4 Area ____- 0.56 * --__-__ Inferred 
Pit #5 Area -- ----- 0.34 * ------- , Inferred 
Pit #6 Area ____-__ 1.80 * ------. 

18.93 
Indicated 

Cabinet Creek ____ ___ 3.71 * _-_-_ Inferred 
Tenas Creek ____-__- 8.69 -______ Indicated & Inferred 

12.39 
J 

Telkwa Properti Total: 60.96 Million tonnes 
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51.2 Pit #8 Reserve 

Pit #8 represents a more complex geological deposit than does Pit #7, 

consisting of two main fault blocks and several smaller fault zones that 

exhibit minor displacement. In addition the Pit #8 resource area is 

considerably larger, within which the entire Unit Ill coal package is well 

represented. Criteria utilized for reserve estimate calculations were 

equivalent to those of Pit #7. Seams considered in the reserve 

calculations, which are equal to those which were modelled, include: 

- Seam2 

- Seam 2L where present in significant thicknesses 

- Seam 3L and 3U 

- Seam4 

- Seam 4U when significant thicknesses were attained 

- Seam 5 (which splits to become 5U and 5L westward) 

- Seam 5ex where present in significant thicknesses 

- Seam 6L and 6U 

- Seam 7 in areas where thicknesses met the desired criteria 

- Seam 8 in areas where thicknesses met the desired criteria 

- Seam 9 in areas where thicknesses met the desired criteria 

The reserve estimates are inclusive of all modelled coal seams northwest 

of the faults situated near the southeast limit of the area (6059000 I 

617600; Enclosure 15). They do not speculate upon coals which are 

present southeast of the faults or which may exist beyond the current limits 

of geological control. The total in-situ coal reserve thus far established for 

the Pit #8 resource area is 14,254,300 tonnes. 
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51.3 Northwest Area 

Drill-hole seam intersection summaries for Northwest Area are found within 

Enclosure 20 while the tabte within Enclosure 28 lists average specific 

gravities for each of those seams encountered. Seam surface areas were 

planimetered from the area geology map (Enclosure 19) specifically for the 

western fault block. .The eastern block adjacent to the intrusive body was 

not considered for the reserve calculations as interpretations in this area 

are based solely on one drill-hole that intersected the coal measures. 

Significant folding has not been observed within the western block and 

bedding dips average 22 degrees. As a result drilled seam thicknesses 

were not corrected for true thickness and therefore bedding dips were also 

not considered during the seam surface area calculation. 

The total in-situ coal reserve for the current explored limits of the Northwest 

Area has been estimated at 11,058,868 tonnes for all seams considered 

mineable. Additional work is considered necessary to further delineate field 

limits, deposit geometry and ultimately bring the coal reserve to a 

measured level. 

51.4 Tenas Creek Area 

The Tenas Creek resource area contains limited drill-hole information and 

has in turn had its coal reserve classified as inferred. Until such time that 

the field’s geometry and limits are further established the area’s coal 

reserve estimate has been calculated based upon that area which extends 

to 200 metres beyond the current limit of drill-hole control. 

Tenas Creek drill-hole seam intersection summaries are provided within 

Enclosures 24 and 25. An average specific gravity of 1.43 was used for 

the #I Seam, based upon analytical results from the sole core-hole in the 

38 



area. Bedding orientations for the Tenas Creek deposit are calculated at 

9 degrees to the northeast. 

The total inferred in-situ coal reserve thus far identified for Tenas Creek 

Area is 8,666,400 tonnes, based upon the main seam of interest, Seam #I/ 

#I Upper. Like the Northwest Area additional exploration work is required 

to delineate field limits and deposit geometry. 
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6.0 COSTS INCURRED 
/ 

Details of costs incurred during the 1992 exploration program are provided within the Cost 

Summary Report (Enclosure 29). The summary presented represents the total expend- 

itures to date relating to.the Telkwa Project 1992 exploration activities. 
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7.0 SUMMARY 

The Skeena Group of sediments of the Telkwa Coalfield is an erosional remnant of Lower 

Cretaceous sedimentary rock deposited along the southern flank of the Bowser Basin. 

Throughout the Lower Cretaceous sedimentation occurred during which time deposition 

was influenced by two regressive / transgressive episodes. As a result the stratigraphic 

sequence is divisible into four lithostratigraphic units, Units I through IV. The lithologies 

within Units I and III are representative of the regressive episodes and, in turn, the periods 

of significant peat development in the Telkwa area. The coals within Unit I, collectively 

referred to as Coal Zone 1 are separated from the Unit Ill coals by as much as 140 metres 

of mainly marine sediment. Coal seams #2 through #II, represented in Unit Ill, 

collectively contribute 20.5 metres of coal to the Unit’s 85.0 metre average thickness. 

Since deposition the Skeena Group sedimentary package has been modified by faulting 

and minor folding resultant from continental stresses that persisted throughout much of 

the Upper Cretaceous and Tertiary. In addition, during the Eocene of the Tertiary Period, 

an igneous body intruded the Skeena sediments, further disrupting and faulting the 

sedimentary package. As a result much of the area is characterized by high angle 

faulting, breaking the area into a mosaic of structural blocks that have been rotated and 

tilted into”a variety of orientations. Resource areas Pit #7. Pit #8, Northwest Area and 

Tenas Creek Area are each representations of such fault blocks. 

Several resource areas have been identified in the Telkwa area and since the early 1900s 

the area has been sporadically mined, exploiting the Unit I and Unit Ill coals. It was not 

until the late 1960s however, that drilling as a means of identifying potential resource 

areas was utilized. Between 1979 and 1989 Shell CanadafCrowsnest Resources 

completed several exploration programs, completing 263 drill-holes and highlighting 

several resource areas, most of which are located on the south side of the Telkwa River. 

The Telkwa Property coal licences have been held.by Manalta Coal Limited since May 

1st 1992 and since that time Manalta has completed one exploration program on the 

property. While several areas of potential economic interest were identified by the 
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property’s previous owners, 1992 exploration activities were focused on further delineation 

of the Pit #7 and Pit #8 resource areas, and reconnaissance exploration of the Northwest 

and Tenas Creek areas. Between mid-August and mid-October Manalta Coal completed 

43 drill-holes, 3.6 kilometres of surface geophysics and an airborne magnetic survey 

review. The majority of work undertaken by Manalta in 1992 was completed on the north 

side of the Telkwa River in resource areas Pit #7, Pit #8 and Northwest Area. Four of the 

43 drill-holes, one of which was cored, was completed in the Tenas Creek resource area 

on the south side of the Telkwa River. Coal samples were collected from all cored drill- 

holes for subsequent coal quality analysis as were rock samples from 6 representative 

cores for Acid Rock Drainage analysis. 

The vast majority of the Telkwa area coals explored to date are a High Volatile A 

bituminous product by ASTM classification of coal rank. Medium Volatile bituminous as 

well as occurrences of semi-Anthracite coal are also known to exist. While the majority 

of Telkwa coals are relatively consistent with respect to raw calorific value, volatile matter 

and fixed carbon values, variations in raw ash and sulphur values have been observed 

between seams. Sulphur content variations between some seams is attributed to periodic 

infiltrations of marine water into the developing peat swamp, while inundations are thought 

to have terminated development of some of the coal seams. 

Resources calculated for the Pit #7 and Pit #8 Resource Areas by Manalta Coal Limited 

were completed using computer models constructed via the Lynx Mine Modelling system. 

For ‘Northwest Area and Tenas Creek Area manual methods for reserve estimates were 

utilized. Estimated in-situ geological coal reserves for the four resource areas detailed in 

this report total 38.33 million tonnes. In-situ reserves for all resource areas identified thus 

far within the Telkwa Property limits are estimated at 60.96 million tonnes. 
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8.0 CONCLUSIONS 

Significant reserves of High Volatile A bituminous coal have been identified within the 

Telkwa Coal Property limits currently held by Manalta Coal Limited. While the primary 

value of Telkwa coal is as a thermal product, some of its properties allow it consideration 

as a low grade coking coal. The majority of the coal reserve identified thus far within the 

property licences is represented by Seams #2 through #I 1 of Unit Ill, most of which has 

been identified within resource areas Pit #3, Pit #7, Pit #8 and Northwest Area. 

The coal reserve identified to date is known to lie within individual fault blocks, or 

Resource Areas, each with independent field limits and deposit geometries. Results from 

the 1992 exploration program have aided in further definition of the geology of the Pit #7 

and Pit #8 resource areas, providing additional coal quality information and allowing the 

coal reserve within them to be classed as measured. While the structure encompassing 

Pit-#7 Resource Area is closed, Pit #8 field limits have not yet been established at its 

southeastern end and as a result additional exploration in this area is required. The 

resource areas identified as Northwest Area and Tenas Creek Area were previously 

unexplored and, in 1992, were identified and partially delineated by the year’s exploration 

activities. Additional exploration in both areas is required to fully evaluate their geometries 

and resource potential. 
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1.0 INTRODUCTION 

This report presents the results of a geophysical survey in the vicinity of Telksva, British 

Columbia. The general .location of the site is illustrated in Figure 1. 

The objective of the survey was to map.changes in physical properties of the subsurface 

associated with variations in structure and rock type. Variations in geology were expected to 

include coal subcrops and intrusive volcanics‘ (Hazelton Volcanics). In order to address this 

objective, a combination of electromagnetic induction, direct current resistivity and magnetic 

techniques were employed. 

On-site activities have been performed in accordance with Man&a Coal Ltd. Purchase Order 

Number 5114, dated August 25, 1992. 
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2.0 LOGISTICS AND DATA ACOUISITION 

The geophysical surveys were conducted between September 14 and 20, 1992. The crew 

consisted of a professional geophysicist and a geophysical technician from Geo-Physi-Con Co. 

Ltd. An additional person was hired from the Smithers, BC area to assist with a portion of the 

data acquisition. 

The geophysical surveys were performed over’a grid prepared by Manalta Coal Ltd. personnel. 

Four crosslines and one baseline, totalling approximately 3.5 line kilometres, were slashed and 

chained. Electromagnetic induction and magnetic surveys were performed over the entire grid. 

Direct current resistivity data was acquired along the four crosslines. 

2.1 Electromagnetic Induction CEM) Methods 

The electromagnetic induction method uses a time varying magnetic dipole source to induce 

current flow in the ground. This current flow induces a secondary magnetic field which is 

sensed by a similar receiver dipole. The measured amplitude and phase of the secondary field 

is related to the conductivity distribution in the subsurface. The equipment used was the I&x- 

Min I-10 horizontal loop EM system. The basic principles of operation of this system are 

2 



summarized in Appendix A. The corresponding Manufacturer’s specifications are given in 

Appendix B. 

2.1.1 MasMin I-10 Horizontal Loop EM (HLXMj 

The Max-Min I-10 system consists of a transmitter and transmitter coil connected by a flexible 

reference cable at a receiver and receiver coil. Depth of penetration of the system can be varied 

by altering either the transmitter-receiver coil’ geometry, or the operation frequency. 

Max-Mm I-10 data were recorded with the transmitter and receiver loops in horizontal coplanar 

configuration. Transmitter-receiver coil separation was 50 metres. This configuration enabled 

sufficient resolution while minimizing noise due to variation in transmitter-receiver coil 

separation. Measurements at four different frequencies of operation (1760 Hz, 7040 Hz; _ 

14080 Hz and 56320 Hz) were digitally recorded and subsequently downloaded into an IBM-PC 

compatible computer. 

2.2 Direct Current Profiliie (DCR Method 

The DCP method involves driving current into the ground through a pair of current electrodes. 

The resulting current distribution in the earth is mapped by measuring the voltage across a 
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second pair of potential electrodes. The basic principles of the DCP method are summarized 

in Appendix A. 

The survey used a 20 metre station interval with the measurement array 6riented along the 

direction of the survey line. At each station, measurements were made to four different effective 

depths of exploration using Schlumberger array configuration. Table 1 lists the current potent& 

electrode separations and an estimate of the effective depth of exploration for each of the four 

configurations. 

TABLE 1 

DCP Measurement Arrays 

Current Electrode 
Seuaration 

0-4 _ 

20 

60 

100 

140 

Potential Electrode 
Semration 

(4 

2 

20 

20 

20 

Estimated Effective 
Deuth of Exoloration 

(ml 

5 

15 

25 

35 
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DCP data was recorded with the Scintrex RAC-8 Low Frequency resistivity system. The 

Manufacturer’s specifications are listed in Appendii B. 

2.3 Mimetic Method 

Total field magnetic measurements were recorded with ti Omni EDA IV proton precession 

magnetometer. Measurements were taken at 10 metre intervals along the survey lines. 

The .tie-line survey method was used to correct the data for the time varying component of the 

earth’s magnetic field. 

The basic principles of the magnetic method. are summarized in .Appendix A. The 

Manufacturer’s specificati6ns for the Omni IV proton precession magnetometer are given in 

Appendii J+ 

3.0 DATA PRFSElNTATION 

In general, the 7040 Hz, HLEM data best iUustrates the position and relative magnitude of the 

HJLEM conductors at this site. HLEM profiles illu#.rating this data on an individual line basis 
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are presented in Figures 2 to 6. In addition, the 7040 Hz data has been presented as an HLEM 

profile map in Figure 7, illustrating the relative positions of the survey lines. Corresponding 

conductor labels between the survey lines indicate interpreted line to line continuation of 

conductor axes. 

HLEM data profiles ilhtstrating the 1760, 14080 and 56320 Hz data are presented in 

Appendix C (Figures Cl to C15). 

The DCP measurements have been converted to apparent resistivity using mathematical relations 

incorporating measurement array .geometty. The apparent resistivity is the total resistivity 

~measured at ground surface ‘due to the combined effect of subsurface layers of various 

thicknesses and resistivity within the effective exploration depth of the survey array used. 

Direct current profiles of apparent resistivity for each of the four measurement arrays have been 

plotted on a logarithmic scale versus array midpoint station location along Lines 1 South, 2 

South, 3 South and 4 South in Figures 8 to 11. 

Total field magnetic data has been presented as data profiles in Figures 12 to 16. Magnetic 

intensity, measured in gammas, has been plotted versus survey station locations for the five 
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survey lines. In addition, the total field magnetic data has been presented as a contour map 

(Figure 17) to further illustrate the distribution of magnetic intensity at the site. 

4.0 REsuLti 

4.1 Lie1 South 

HLEM data profile (7040 Hz) along Line 1 south is shown in Figures 2 and 7. A moderately 

strong conductor, identified as ‘A, is evident at approximately Station O-b30 Past. Small 

variations in the HLEM profile are evident at Stations Of30 West, 1+20 Past, and 2+20 Past. 

These locations are in the vicinity of roads intersecting the survey lines. The slight anomalous 

HLEM response in these areas is likely a result of variations in transmitter-receiver coil 

separation as the road cut was traversed. 

Line 1 south DCP data, illustrated in Figure 8, shows a region of anomalously high apparent 

resistivity east of Station 3+50 East. This resistivity anomaly is evident in all four array modes, 

indicating a depth of up to 35 metres, A somewhat smaller increase in apparent resistivity west 

of Station 0+50 West is evident predominantly in the 20, 60 and 100 metre current electrode 

separation dam (effective depth of exploration of up to 25 me&s). 
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In general, the total field magnetic data, presented as a data profile in Figure 12 along Line 1 

South, shows an increase in magnetic intensity from west to east. This may indicate a reduction 

of overburden thickness in this direction. 

A relatively large magnetic anomaly is evident to the east of Station 3+50 Fast. An ares of 

low magnetic intensity is apparent to the west of Station O-t-50 West. 

The coincident HLEM (conductor A), DCP and magnetic anomalies at the east end of Line 1 

South (centered at approximately Station 4+00 West) likely map the west edge of the Hazelton 

Volwnics. Increased apparent resistivity and magnetic intensity are generahy characteristic of 

igneous rocks. The HLEM conductor A may be a response to the conductivity contrast at the 

contact between the two different rock types and/or to conductive material (eg. clays) that may 

be present at the contact. 

The increase in apparent resistivity and a corresponding decrease in magnetic intensity west of 

Station 0+50 West may indicate the presence of coal in this region. No corresponding 

anomalous HLEM’response is, apparent. 
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4.2 Lie 2 South 

The 7040 Hz HLEM data profile for Line 2 South is presented in Figures 3 and 7. The HLEM 

protiles along Line 2 South are similar to that along Line 1 South, with conductor A being the 

most prominent feature. Other, somewhat smaller variations are evident in the data, as 

illustrated in Figure 3. The we&conductor at l-!-40 West is coincident with an intersecting 

road and is likely a result of variations in transmitter-receiver coil separation. The weak 

response at Station 2+80 East may be due to two weak, parallel conductors, or to a single weak, 

relatively wide conductor (see Appendix A, Figure A). 

Line 2 South DCP data, illustrated jn Figure 9, has identified regions of anomalously high 

apparent resistivity at both the east and west ends of the. survey line. The anomalies are most 

apparent in the arrays resulting in the greateat exploration depths (25 metres and 35 met&. __ 

Total field magnetometer survey results, shown in profile for Line 2 South in Figure 13, 

illustrate a gradual increase in magnetic. intensity from west to east. This may indicate decreased 

overburden from west to east. A slight reduction in magnetic intensity is evident at the west 

extent of the line. The low magnetic intensity shown at the east end of the line may be only a 

portion of an anomalous magnetic response which may extend east beyond the limit of the 

survey line. 
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Coincident anomalous DCP apparent resistivity and HLEM conductor A at the east end of Line 

2 South (east of Station 4+00 Fast) may indicate a rock contact (west edge of the Hazelton 

Volcanics). Anomalous magnetic response is also evident in this region. 

Increased apparent resistivity with a coincident reduction in magnetic intensity west of 

approximately Station 1+50 West may indicate the presence of coal. 

4.3 Lime 3 South 

The 7040 Hz HLEM data profile for Line 3 South is presented in Figures 4 and 7. Conductor 

A, at the eastern extent of Line 3 South, appears to be the most prominent feature along the 

survey line. A somewhat weaker HLEM anomaly at Station 3+80 East, is likely due to 

variations in transmitter-receiver coil separation as a result of traversing a relatively steep 

embankment at tis location. A weak conductor, centered at approximately Station 2+80 Fast, 

may be due to a weak, relatively wide conductor, or to the combiied effect of two separate 

conductors. 

Line 3 South DCP data is presented as a data profile in Figure 10. High apparent resistivity is 

evident in all four array configurations east of Station 4fOO Fast. Increased apparent 

resistivities are evident extending east of Station 3 f 10 Fast in the array configuration yielding 
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the shallow effective depth of exploration (5 met@, indicating a greater lateral extent in the 

shallow data. A slight increase in apparent resistivity is also evident between Stations I+80 

East and O-t-70 West. 

A relatively large magnetic anomaly is evident to the east of Station 3+80 Fast as illustrated in 

Figure 14. A gradual increase in magnetic intensity from west to east may indicate a decrease 

in overburden in this section. 

Coincident HLEM conductor A, increased apparent resistivity and a relatively strong magnetic 

anomaly at the east end of Line 3 South (at approximately Station 4-f-20 East, extending to the 

eastern limit of the survey line) may indicate the occurrence of the Hazelton Volcanics. 

The slight increase in apparent resistivity between Stations 1+80 East and 0+70 West, evident 

predominantly in the 5 metre depth of exploration data, suggests a relatively weak resistor within 

approximately 5 metres of ground surface. This is likely due to variations in soil type. 
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4.4 Line 4 South 

Tbe axis of conductor A is centered just beyond the eastern limit of Line 4 South (Figures 5 

and 7). Several weaker HLEM conductors have also been identified along Line 4 Southin 

Figure 5. 

Results of the DCP survey along Line 4 South (Figure 11) indicate very little apparent resistiv&y 

variation along the extent of the line. Increased apparent resistivity between Stations 2+70 East 

and 4+50 East may indicate a coal subcrop and/or variations in soil type. A slight increase in 

apparent resistivity, in the 5 metre depth of exploration data only, is evident at the east end of 

the survey line (east of Station 5+50 East). Apparent.resistivity decreases slightly between 

Station 0+50 West and the west end of Line 4 South. 

Total field magnetometer results along Line 4 South (Pigure 15) identifies a relatively large 

magnetic anomaly at the west end of the survey line. The cause of this anomaly is unknown. 



4.5 Baseline 

Results of the HLEM and total field magnetometer survey along the Baseline are illustrated in 

Figures 6 and 16, respectively. The HLEM results are further ilhrstrated in the HLEM Profile 

Map (Figure 7). 

A relatively strong HLEM conductor at Station 2+85 South has been identified in Figures 6 

and 7. Geological mapping has suggested the occurrence of a northeast - southwest striking fault 

in this region. Continuation of this fault is not readily evident on either of Lines 1 South or 2 

South along the proposed strike. This is most likely due to the acute angle at which the fault 

is expected to intersect survey Lines 1 South and 2 South, A somewhat weaker conductor has 

been identified at Station 4+40 South. In addition, the HLEM response signature at the west 

end of the Baseline suggests that the axis of a conductor may occur just beyond the southern _ 

limit of the- survey line. 

Results of the total field magnetometer survey @gure 16) indicates a minimal variation in 

magnetic intensity along the Baseline. An area of slightly lower magnetic intensity of relatively 

limited lateral extent centered at Station 5+25 South is coincident with an access road. The 

survey line intersects the road at an acute angle such that several magnetic measurements have 

13 



been taken on the road. Thus, variations of soil type may be the cause of the variant magnetic 

intensities within this region. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

The geophysical surveys in the Telkwa, BC region have identified several areas where additional 

testing should be considered. It is suggested that the following regions be tested by drilling 

and/or correlated with geological mapping which may exist: 

9 The eastern regions of any or all of lines 1 South, 2 South and 3 South 

where coincident HLEM, DCP and magnetic anomalies exist, suggesting the 

presence of the Hazelton Vokanics. 

ii) The western regions of Lines 1 South and/or 2 South where coincident 

increases in apparent resistivity and decreased magnetic intensity may 

indicate the presence of a coal subcrop. 

iii) In the vicinity of Station 2+85 South along the Baseline to verify the 

occurrence of faulting. 

14 



iv) The western limit of Line 4 South to determine the cause qf the anomalous 

magnetic intensity in this region. 

VI The region between Stations 2+70 East and 4+50 East along Line 4 South 

to determini the cause of the increased apparent resistivity. 

The present geophysical survey results should be further correlated with all available geological 

information for this area to enable a more detailed and complete geological interpretation. 
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APPENDIX A 

GEOPHYSICAL METHODS 

A.1 HORIZONTAL LOOP ELECTROMAGNETIC INDUCTION CRLEM) METHOD 

In the JSEM (Max-Mm) method, eddy current flow is induced in the ground by the time 

varying magnetic dipole transmitter. The eddy current flow, in turn, induces a secondary 

magnetic field which is sensed by a similar receiver dipole. 

In the HLEM method eddy currents in adjacent layers can be mutually interacting. Thus there 

is no simple relationship between apparent conductivity and the conductivity thickness 

characteristics of the ground. Further, calibrations to compensate for the primary field are 

usuaIly undertaken over ground of finite conductivity so that absolute calibration of the 

measurement equipment is impossible. The HLEM measurements are suited for locating zones 

of anomalously high conductivity rather than measurement of absolute conductivity levels. 

The Max-Mm (HLEM) instrumentation allows measurement using differing intercoil spacings 

(usually 30 to 100 me&s) and different operating frequencies (400 hertz to 56 kilohertz). 

Exploration depth is generally in the order of 50 to 80 percent of the intercoil spacing. The uses 

of a range in frequencies generally allows observed anomalies to be quantatively placed at either 

shabow or larger depth. 



HLEM measurements will observe negative (phase reversed) and large anomalies in both the in- 

phase and quadrature components over subsurface conductive bodies. Figure A shows examples 

of HLBM response across conductive bodies of various geometries. Over dipping bodies the 

maximum gradient in HLEM data generally lies to the down dip side. However, other factors 

such as the depth to the conductor, frequency of operation, and ratio of intercoil spacing to 

conductor width’also affect the relative geometry of the observed in-phase and quadrature phase 

anomalies. 

HLEM survey are usually oriented so that measurements are obtained along a line perpendicular 

to the anticipated strike of the conductive target. In areas of uneven terrain, small spacing errors 

and loop tilt discrepancies can cause noticeable measurement errors, especially for the in-phase 

component of the field; Measured data are plotted versus intercoil mid point along survey lines. 

The HLEM has greatest application for locating steeply dipping and relatively conductive 

structures such as faults or shales bounding coal subcrop. It is generally not useful for 

determining the conductivity-thickness characteristics of a layered earth. 
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A.2 DIRECT CURRENT PROFILING METHOD 

Both coal and igneous rocks are generally characterized by-relatively high resistivity. This 

resistivity contrast, in comparison to surrounding rock, enhances the abiity to directly detect the 

presence and depth to the coal or igneous intrusion withinthe upper 30 metres of the subsurface 

using surface based direct current techniques. Direct current protiling is used to delineate the 

lateral boundaries between near surface. materials of contrasting resistlvity. 

In the example of the present survey, coal and igneous rock is expected to be considerably more 

resistive than the surroundmg material. 

Operation of the system in the Schlumberger configuration is illustrated in Figure B. Current 

is driven into the ground through one pair of electrodes (I, and I,). The potential difference 

established in the earth by this current is measured with a second pair of electrodes (P, and P,). 

To study the variation in resistivity with depth, the spacing between the current electrodes is 
_ 

varied. Figure B shows schematically the distribution of current flow at two electrode spacings. 

At close electrode spacing (Figure B2), the currents dominantly flow near the surface and the 

potential field is virtually not influenced by deeper strata. With increase spacing, part of the 

current flow is located in deeper layers, and the potential measured is influenced by the 

resistivities of these layers. 

The potentials measured are converted to apparent resistivity using geometric characteristics of 

the measurement array. The apparent resistivity is the resistivity monitored at ground surface 



due to the combined effect of subsurface layers df various thickness and resistivity within the 

exploration depth of the measurements used. For a subsurface exhibiting homogeneous 

resistivity, the apparent rcsistivity deriyed from resistance measurements for any array 

configuration would be identical and equal to the resistivity of the subsurface. Variation of 

apparent resistivity with depth or exploration (current electrode separation) indicates the presence 

of subsurface strata characterized by contrasting el&rical resistivities. 
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A.3 TOTAL FIELD MAGNETOMETER METHOD 

Portable total field magnetometers are used to measure the strength of the ambient magnetic field 

at each station along a survey line. The magnetic field includes a component due to the earth’s 

main magnetic field, a time-varying component due to magnetic storms and daily variations in 

ionsphere currents, and a variable due to local subsurface magnetism. 

Compensation of diurnal variations in the earth’s magnetic field is achieved by utilizing a 

continuous reading base station magnetometer, or by reestablishing a predetermined location 

at regular intervals throughout the survey. 

Subsurface magnetic sources include magnetic rocks and any buried ferrous metallic objects. 

In general, basic igneous rocks have the highest magnetic susceptibiity. Coal generally has a 

very low magnetic susceptibiity. 

. 

The proton (or nuclear precession) magnetometer utilized the precession of spinning protons in 

a sample of hydrocarbon liquid to measure total magnetic intensity. The protons, or 

hydrocarbon nuclei, within the sample are polarized normal to the terrestrial field by means of 

a current through a surrounding coil. Upon sudden removal of the polarizing field, the protons 

precess about the direction of the earth’s magnetic field at an angular velocity (the Larmar 

precession frequency) proportional to the magnetic field sttength. The precessing protons, being 



moving charges, induce a voltage in the same coil used to p&rLze them. The total magnetic 

field is then determined from a relation between the Larmar precession frequency and the 

gyrometric ratio of the proton. 

The advantages of the proton magnetometer over the other types include its high sensitivity, its 

lack of mechanical parts in its detector klement, and the fact that it has no orientation or 

Ievelling requirements. Depth of exploration is limited only by the size of the magnetic source. 

Typical magnetic anomalies for a varieb of geologic bodies Fe illustrated in Figure C. 
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The MaxMin I ground EM System is designed for mineral and water explora- 
tion and for geoengineering applications. It is an expansion of the highly popular 
MaxMin II and,III EM System concepts. The frequency rangeis extended to 
seven octaves from four. The ranges and numbers of coil separations are 
increased and new operating modes are added. The receiver can also be used 
independently for measurements with powerline sources. The advanced spheric 
and powerline noise rejection is further improved, resulting in faster and more 
accurate surveys, particularly at larger coil separations. Several receivers may 
be operated along a single reference cable. 

Mating plug in data acquisition computer and cassette unit are available for 
.use with tHe MaxMin I for automatic digital data acquisition and processing. 
These units are covered in separate data sheet. 



-..- ______ -. 

MAXMllN I SPECIFICATIDNS: 

Frequencies: 

Modes: 

Coil 
separations: 

Parameters 
measured: 

Readouts: 

Ranges of 
readouts: 

Readability: 

Repeatability: 

110. 220.440. 880. 1760.3520. 
7040 and 1.4080 Hz. olus 50/60 Hz 
powerline frequency [&iver onV]. 

MAX 1: Horizontal loop mods manemit- 
ter end receiver coil planes horizontal 
end coplanar]. 

MAX 2: Vertical coplanar loop mode 
msnsmitter and receiver coil planes 
vwtbl and coplanar]. 

MAX 3: Vertical coaxial loop mods 
~rsnsmitter and receiver coil planes 
vertical and coaxial]. 

MIN 1: Perpendicular loop mode 1 
[Transmitter coil plane horizontel end 
receiver coil plane vertical]. 

MIN 2: Perpendicular loop mode 2 
[Transmitter coil plane vertical end 
receiver coil plane horizontal]. 

12.5. 25. 50. 75. 100. 125. 150. 
200.250.300. &400 mewss [stand- 
al-d]: 
10.20.40.60,80.100.120.160. 
200,240 &320 m&es [selected with 
grid switch inside of receiver]. 

50.100.20d. 300.400.500.600. 
800. 1000. 1200 6’ 1600 feet 
@extct; ,yith grid switch inside of 

In-Phase and quadrature components of 
the sewndary magnetic field. in % of 
primary [transm’hted] field. 

field amplitude end/or tit of 50/60 Hz 
powerlime field. 

Analog direct readouts on edgewise 
panel meters for in-phase. quadrature 
and tilt, end for 50/60Hz amplitude. 
[Additional digital LED readouts when 
using the OAC. forwbichinterfsdngsnd 
oont~ls ere pmtidsd for plug-in]. 

Analog in-phase and quadrature scales: 
0*4%. 0*20%. OilOO%. switch 
activated. Analog tilt SC&: 0+75% 
grade. [Digital in-phase and quad. 
Of102.4%]. 

Analog io-phase and quadrature 0.05% 
to 0.5%, analog tilt 1% grads. [Digital 
io+hase end quadrature 0.1 %]. 

1tO.05% to * 1% norm&y. depending 
an frequency, coil separation & condi- 
tions. 

Signal 
filtering: 

Powerline comb filter, continuous 
spherics noise clipping. autoadjusting 
time constant and other filtering. 

Warning Receiver signal and reference warning 
lights: lights to indicat& potential errors. 

survey depth: From surface down to 1.5 times coil 
separation used. 

Transmitter 
dipole 
moments: 

Reference cable: 

Intercom: 

Receiver 
power 
supply: 

Transmitter 
power 
supply: 

Transmitter 
bE&ttery 
charger: 

Operating temp: 

Receiver weight: 

Transmitter 
weight:. 

Shipping 
weighe: 

Stand&-d 
spares: 

110Hz:220Atmz 176OHzzl6OAtm* 
220 Hz: 215 Atm* 352OHr: 8O&nF 
440Hz:210Atm~ 704OHz: 4oAtm~ 
880 Hz: 2W Atmz 14080 Hz: 20 Atm* 

Light weight unshielded 4/2 conductor 
teflon cable for msximum temperahrre 
range and for minimum friction. Please 
specify cable lengths required. 

Voice communication rmk pmvided for 
operators via the reference cable. 

Four standard 9V batteries [O.Wh. 
alksline]. Life 30 hrs continuous duty, 
less in cold weathec Rechsrgeab!e ba& 
tsry and chdrger option avsilable. 

Rechargeable sealed gel type lead acid 
12V-13Ah batteries [4x6V-6’/2Ah] in 
canvasbelt. 0ptional12%8Ahfightduty 
belt pack available. 

For 11 O-l 20/220-240VAC. 50/60/ 
400 Hz end 12-15VOC supply opera- 
tion, automatic float charge mode. 
three charge status indicator lights. 
Output 14.4V-1.25A nom. 

-40 to +60 dsg.C. 

8 kg, including the two integral fsrrite 
cored antsnnas [9 kg with data aa!. 
cw4 
16 kg with standard 12Wl3Ah battery 
pack. 
14 kg with light duty 12VSAh pack. 

59 kg plus weight of reference cables at 
2.5 kg per 100 metres plus other 
optional items if any. 

One spars transmitter battery peck. 
one spare transmitter battery chargsr, 
twcl spare transm~kter retractile art 
nscting cords, one spare set retiir 
batteries. 

Spedfic-etions subject to chenge without notXcetion. 

APEX PARAMETRICS LIMITED P.O. Box 1318. Uxbridge 
Ontario. Csnada LOC 1 KO 

Telephones: 416-64C-6102 
416-652-5975 Cables: APEXPARA mi=iordm Telex: 06866625 APD(PARA UXB 



Tectmical 
Description of 
RAC-8 
Low Frequency 
Resistivity System 

CompleteSystem 

Measurement Range .OOOl to 10.000 ohms 

Accuracy In range .OQOl to .0003 ohms, ~5% 
In range .0003 to 10,000 ohms, ~2% 

operatingiange -10” to +50-c 

Operating 

Total Weight 11.8 kg 

Receiver 

Range .OOOl to 1.0 volt 

lnjmt iinpedance 10 Megdhms 

instrument Noise Less than 0.3 microvolt rms (about 
1.5 microvoks peak-to-peak) on most 
sensitive range with input shorted. 

Band Width ~0.185 Hz 

Poweriirie Noise Rejection An applied 50 or 60 Hz disturbance 
150 times (43.5 dB) greater than a 
normal input signal will not at the 
reading at any range. Both the signal and 
disturbance on the h-tout should never 
exceed 3 V peak to ieak in order to 
maintain accuracy 52%. When order- 
ing an RAG& the purchaser should. 
specify the frequency of powerffnes in 
the proposed survey area. For universal 
operation. a filter for the other frequency 
isoffered as anoption. _. 

A common mode voltage (applied be- 
tween case and shorted “INPUT’ ter- 
minals) of 1 volt peaklo peak for a 5 HZ 
square-wave. or 7 vdts peak to peak 
for a 50-60 Hz sine wave will not affect 
reading on any range. 

Common Mode Noise Rejection 

Power supply 

Dimensions 

Weight 

Transmitter 

Two 6V-1 Ampere-hour Globe GC 
610-l internally mounted, sealed lead 
acid accumulators. Connector provided 
for external charger. Batteries provide 
over 100 hours of operation in geld work 
on a 25% dutycycle. . 

268mmxt90mmx95mm 

3.2 kg 

output current Levels 

Current Stabllizatlon 

_- 
0.1. 1. 10. 100.333 mA. switch 
selactable 

0.5% 



output Voltage Maximum 1000 V peak-to-peak. Actual 
output voltage depends on the current 
level and load resistance. 

output Power Maximum 80 W 
._ 

Operating Frequency 

Operating Position 

5 Hz square-wave 

Transmitter must be operated vertically 
within ~30” maximum. For transportation 
this is not required and instrument can 
be stored in any position. 

Protectlo” Automatic circuit breaker turns off when 
the load on the”OLJTPUT’terminals 
is interrupted, or if it is shorted while 
voltage is set over 60 V. 

Load Precautions Not.pore than one fully wound reel of 
wire (1000 m. inductance ~0.2 Henry) 
can be in series with the transmitter 
load. in order not to affect measuring 
accuracy. With large electrode separa- 
tions (several km) no reeled wire should 
be in the transmitter circuit. particularly 
if a high current level is required, to 
prevent inductive surges. 

Power Supply The power supply is composed of two 
independent battery sets mounted in 
a common detachable compartment. 
which is attached to the bojtom of the 
transmitter housing. 
Set No. 1: Two 6 v- 1 Ampere-hour 
Globe GC610-1 sealed lead-acid accu- 
mulators providing a supply for electronic 
circuits of the constant current regulator. 
Capacity is sufffcfent for over 100 hours 
of operation in the field. 
Set No. 2: Two 6 V-6 Ampere-hour 
Globe GC660-1 sealed lead-acid accu- 
mulators providing-a main power supply 
with 60 W maximum. This battery set 
limits actual field work duty of the insfru- 
ment to maximum 40 hours. 

Wennerafmy depth sounding using RAG6 In 
slectdcalty noisy industrial area near sclntrex 
plant In &ncord, ontado. The section Is 
Inlerpfekdasa3 layer&se with p, = 158. 
p2 5 290 end ps = 55 ohm-meters.l’he 
upperlayerls26mof lopsollfollowedby72m 
al tin ov6flYlng shale. 



Four Magnetometers : in one 

Self Correcting for Diurnal Variations. 

Reduced lnstrutientatioti Requirements . 

25% Weight Reduction 

User Friendly Keypad Operation 

Universal computer Interface 

Comprehensive Software Packages 



The OMNI IV microprocessor- 
based “Tie-Line” Magnetometer 
incorporates a number offea- 
tures designed to facilitate the 
storage, reduction and presenta- 
tion of total field magnetic data. 

Major Benefits 

l Four Magnetometers in One 
The OMNi IV has been designed to 
operate in four different opera- 
ting modes: 
1.. As a self correcting or tie-line 

magnetometer (see page 3) 
2. As a portable field magne- 

tometer (see page 4) 
3. As a recording base station 

magnetometer (see page 5) 
4. As a true simultaneous 

gradiometer. (See page 61 

The standard OMNI IV incorpor- 
ates the Portable field magneto- 
meter with “tie-line” capability, 
and the system may tie upgraded 
to include the base station 
and/or the gradient con- 
figuration. 

All ofthe data collected in any 
one of these four operating 
modes is stored and protected in 
a solid state memory. 

? Self Correcting for Diurnal 
Variations 
When used in the “tie-line” 
mode, the OMNI IV automatically 
corrects itself for variations in 
the earths magnetic field. By 
tieing back into one tie-point or 
tie-liners) on the grid over the 
day or over the duration of the 
survey, the OMNI IVautomatically 
calculates and applies the drift 
measured to the data stored. 
Data is corrected using the linear 
interpolation method. 

l Reduced lnstrumentatlon 
Requirements 
Only one OMNl IV is needed to 
measure, store total field and 
gradient data and automatically 
correct the total field magnetic 
data. when in the tie-line mode. 

- 

The flexibility of the OMNl IV al- 
lows the user to purchase one 
console and through the use of 
different sensors or software 
create their choice of four dif- 
ferent magnetometers. 

l 25% Weight Reduction 
The OMNI IV has been designed so 

. that it is 25% lighter than EDA’s 
existing PPM-3501375 OMNIMAG 
units for a total weight of 4 kg. 
This weight reduction has been 
achieved by the design of a 
smaller console and by the use of 
a lighter rechargeable or dispos- 
able powersource. 

Universal Compm 
Interface 
Asimple, low cost, com- 
munication interface between 
the OMNI IV or OMNIMAG Series 
and any microcomputer is now 
available. This communication 
interface provides the necessar 
handshake requirements for tht 
OMNI IV to dump directly into ar 
microcomputer with ASCII code, 
into any standard parallel printe 
or into many available serial ma! 
netic tape recorders. 

Comprehensive Software 
Programs 
HP85 and CPlM software pack- 
ages for most computers such a 
IBM PC, APPLE, KAYPRO. OSBORNE 
etc. are available to enable the 
user to edit the data, obtain line 
profiles and create plot files. 

Many filtering programs are of- 
fered for further data analysis 
such as the Fast Fourier Trans- 
form, the Frequency Domain 
Filters or the Upward-Downwarc 
Continuation. Additional pro- 
arams are also available to trans 

l User Friendly KeyDad 
Operation 

. 

The OMNI IV incorporates two 
keypads; one for programming 
the unit for time and grid co.or- 
dinates and the other for the.re- 
cording of data. Once the OMNI IV 
has been programmed for the 
days survey, the operator need 
only use the recording keypad 

-for data storage. Recording of 
data is accomplished by pressing 
only 2 recording keys sequen- 
tial1y.A “Clear’ data key has been 

I 

_-...- ~~~~ 
incorporated to edit the pre- fer the data from micro- 
vious reading stored in memory. computers to mainframes. 
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1 i As a Self Correcting, 
We-Line” 
Magnetometer... 

._ 

my survey can now be run and’ 
corrected automatIcally with only 
one OMNI Iv. 

The OMNI IV is able to store “looping” 
or “tie-line” data. This data is stored in 
a sepamte memory at the beginning 
of each survey. Total field readings 
are then subsequently stored in a 
secmxi memory along with the field 
readings of the tie-POintKl. At the 
end of each survev day, these two 
memories are merged to auto- 
matically correct the total field data 
for diurnal variations. 

Features 
me OMNI N in the”tieline” mode can: 
. Store “looping” or “tieline” data 

3 ways: 
- using one’“iooping” base point, 
- using one “tk4ne” comprised of 
a number of tie-points, or 

-using multiple’Yie4ines”. 
. Store up to 100 tiepoints in one 

survey area or divide these points 
y~dtensions of survey areas as 

l Store t&points or tielines for me 
duration of thesukvev. 

l Calculate the drift between 
established tie-points. to readily 
see variations in me earths 
magnetic field. _ 

Key Benefits .. - 
Eliminates.ManUal 
Correction of Data 
Diurnal corrections, using me tie-line 
method, can be done automatically 
by the OMNI lV, eliminating hours of 
manual and tedious calculations. COr- 
rected data can then be dlrecby 
transferred to a computer for 
further data processing. 

Flexibility of “Tie-Line” 

The OMNI N “tk?-!ine” system offers 
the operator the flexibility of 
choosing me most appropriate tie- 
line method bestsuited for me 
urtvey, depending upon the size and 
character of the grid. me operator 
can choose from: 
-a single base point. 
-a single tie-line, . 
- multiple tieiines,;or 
-a random scattering of tie-points. 

“Looping” Method 

l+WN 

-O+MN 

o+sos 

1+oos 

!? Tieingbacktobasepoint L’+ocE 
ease Point 

lZ+OOE 

Base Line 

- DirecUon of Travel 

“Tieline” Method 

Ll+oOE U+WE 

@ 

SO Setting Up TieLineand Uelng back to base Point 
T&Point -oirectIonoftmvel 

RedUCX?d Instrumentation 
Requirements 
me self-correcting “tie-line” feature 
of the OMNI N can remove base 
station requirements from some 
surveys. 

Tie-Line Capability in 
Gradient Mode 
me We line” capabilitv is alS0 appiic- 
able when used as a gmdlometer. 
me operator can therefore obtain 
corrected total field data without re- 
qu;qut~ a base Station magneto- 

Programmable Datum 

The OMNI N can be programmed to 
automatically remove a designated 
datum from field data. RemOVal Of 
this coarse, background VaIUe 
facilitates plotting and inteerpretation 
of data. 

Automatic Drift 
Calculations 
The OMNI N can autOmatiC%Y 
calculate me desired diurnal drift 
measured between ConSeCUtiVe tie 
point readings. 

bata Recall 
‘lie-line” data can be recalled. even if 
stored on different davs. 



2. As a Pot-table Field Unit... 

me OMNI iv isa portable proton 
precession magnetometer that 
measures and stores in memory the 
earths maghetic field at the touch of 
a keV. it identifiesand stores the 
location, time of each measurement, 
computes me statistical error of me 
reading and stores the clecav and 
ftrgtr;g;P mesrgnal becng 

Featu&. I 

l Packaged in a compact, lightweight 
and rugged housing. me OMNI iV 
measures and stores the following 
set of information: 

- total field magnitude 
-time of measurement 
-grid coordinates 
-direction of travel 
-statistical error of readings 
-signal strength and rate of decay 

l Users have a choice of three data 
storage modes: 

-spot record 
- multi record 
-auto record 

l Data stored in memory is 
cOmpleteiV protected by a lithium 
battery. 

*Each reading Is automatically 
assIgned a record number which 
can also be used to identify 
readings measured off me grid. 

*More than one reading can be taken 
at one point without updating the 
current station number. 

-Characters shown on the LCD displav 
are highly visible. 

Key Benif its 

Increased Productivity 

Survey productivitv is signiFicantlv 
increased with the OMNI IV because: 

- a measurement can be read and 
stored in only 3 seconds. 

-data is highly repeatable. A 
second measure’ment is usually 
not required. 

- the statistical error is calculated 
For each measurement PrOViUing 
an indication of whether an ad- 
ditional reading may be required. 

-me 0MNl iV is up to 25% lighter 
and smaller. 

This pen-nits the operator to cover 
more ground and gather more data 
man would be otherwise possible. 

Simplified FieldworK 

The OMNI N makes surveys easier to 
conduct because: 

-me need to write clown field data 
is eliminated. Time, Field measure 
merit, grid coordinates, etC, are 
simultaneously stored when any 
one of the three record kevs are 
pressed. pressed. 

- the operator has the abilitv to - the operator has the abilitv to 
clear the unwanted last reading clear the unwanted last reading 

- me difference between the cur- - me difference between the cur- 
rent reading and me previous one rent readina and me orevious one 
is calculated autOmatically 

- me coarse magnetic fit - me coarse magnetic field value 
or datum can be removed from or datum can be removed from 
me Field data to simplify plotting me Field data to simplify plotting 
of the Field results of the Field results 

- diurnal corrections are auto- 
matically calculated. 

System Flexibility offers the Following 
choices: 

- if the OMNI N is used as a field 
maonetometer or as a gradio- 
meter, the total field data can be 
corrected bv itself using the “tie- 
line” or “lqoping” capability. 

- if the OMNI IV is U&U as a Self- 
recording base station. it will 
correct the total field data in: 

a. another OMNI IV, USed as a field 
magnetometer 

b. another OMNI IV, used as a 
gradiometer 

c. an OMNIMAG PPM-350 
CL an OMNiMACi PPM-375. USed as a 

Field magnetometer 
e.an OMNIMAC PPMdM) Vertical 

Crad.iometer 

Unparallelled Repeatability 
of Data 
me OMNI IV provides users with 
unparallelled data repeatabiiity.This 
is a result of four leadingedge design 
Features that eliminate the need For 
taking multiple reading% 

- Patented Signal Processing 
TechniQue - 

_ constant Energy Polarization that 
maintains equal energy to the 
sensor 

- Processing sensitivity to + 0.02 
gamma 

- Automatic FineTuning which uses 
me previous reading as the base 
For the next 

other Benefits 
. Error Analysis 

This unique feature is a great time 
saver because the CalCulatiOn of 
the statistkal error of each 
reading lets the operator make an 
on-the-spot decision whether that 
reading should be Stored-Or not. 

l Higher Gradient 
Tolerance . 
Higher tolerance to local gradient 
of up to 6M)o gammas per meter 
uield proven), is possible tlue to a 
aatented sisnal processing-. 
method ana to a miniature sensot 
desian utilizing a hishlv optimizec 
sensor geometry 

l Complete Data Pro+ctiot 
Field data S.tOred in memory iS 
totally protected for a number of 
Vears by the lithium backup bat- 
tery. mis battery also provides 
power to the real-time clock. 

l Data ReG3lI 
Readings can be recalled either b! 
record number or in SeQuence. 

l Decimal Spacing 
A decimal digit is provided for 
intermediate station intervals Of 
12.5 meters; 

l Power Supply versatility 
Users can choose From: 
- non-magnetic rechargeable 

sealed lead-acid batten/ Cart- 
ridge or belt 

_ nickel cadmium (NiCacll battery 
cartridge or belt 

. disposable alkaline batten/ 
cartridge or belt 
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As a &ase Station 
1, Magnetometer. _ . 

, memory the daily fluctuations of the 

4 earths magnetic field. The OMNI IV 
will automatically correct total field 
data of other OMNI IV or OMNFMAG 

,. Series units in just a few minutes. 

Y Features 
q 

ii 

meOMNI Nin the base station mode 
can: 

l AUtOmatiGTllV correct magnetic 
fiekl data for both diurnal varia- 
tions and reference fieldvalues. 

1 
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.- - magnitude of total field 
- difference from me reference 

field value 
;;z~rce from me previous 

sequential record number 

* store up to 5,ooO sets of.readings. 
the equivalent to approximatelY 
14 hours of continuous unat- 
tended monitoring at a 10 second 
sampling interval. Cycling time be 
tween S seconds and 60 minutes in 
I second incrementS can be 
programmed by the operator. 

. SimultaneouslV outnutS dam in a 
digital or ASCII format to a choice 
of data collection unitSat the 
same time as it is being stored in 
memory 

Key Benefits 
Automatic Diurnal 
Corrections 
The OMNI IV in me base station mode 
will automaticallvcorrect total field 
data stored in: 
-another OMNI IV, used as a field 

magnetometer or as a gradiometer 
-a PPM-350 Total Field Magneto 

meter 
-a PPM-375 Portable/Ease StatiOn 
-a PPM-500 Vertical Gradiometer 
mis is ideal where close, detailed 
monitoring of the earths magnetic 
field is required. 

w&yammable Reference 
.: 

me reference field can be Pro- 
grammed bV the operator. The OMNI 
iv men calculates automatically me 
drift in the magnetic field for even/ 
reading. If at the end of the first 
survev dav me orooer reference field 
has not been eriteied. meoperator 
can reselect a new oneand the drift 
can be automatically reptculated. 

wtomatic drift Calculation 

The OMNI N’calculates aUtOmaticallv 
:he difference between each reading 
md its programmed reference field. 
This can be uresented in either digital 
mdlor profile plot format. It can alSO 
3e simultaneously output to a com- 
oatible printer for visual Verification 
of me field’s activity. 

calculates Differential Field 
Variations 

i’he OMNI N also calculates to 0.1 
gamma. me difference between the 
krent’reading and the previous 
one. mis assists me operator in 
ascertaining the degree of activitv 
that is occurring i.e. magnetic storm 
or active conditions. 

Pmable Cycling 

me OMNI N can be programmed t0 
cycle at anv interval, in one second 
increments from 5 seconds to 60 
minutes. 

Othe; Benefits 
0 Stores & Prints data 

Simultaneously 

The OtiNl IV can record and Print 
out data simultaneouslv. Data is 
retained in membt’v. 

l r@+il Real Time Clock 

meal time clockscan be svnchro- 
nized to the nearest second when 
using me OMNI IV with any other 
.OMNI IV Or OMNIMAG Unit 



4. AS a True GtXiiOineter... 
The OMNI Iv provides the ooerator 
with an accurat 
both the totaf 
field and the 
gradient of the 
total field. 
It readsand 
StOreSme 
measurements 
of both sensors 
simultaneousiy 
to calculate the 
true gradient 
measurement 
The standard 
0.5 meter 
gradientsensor 
staff, shown 
here! is made 
poarble bv this 
simultaneous 
measurement 

Features 

e meansofineasuring 

The OMNI Nin the gradient mode 
provides: 
l A V&Jai readout and storage of the 

following information In an 
absolutely secure memory: 
- thegmdientof me total field 
-me total magnetic field 

magnitude of upper sensor 
-the time of measurement 
- the grid coordinates where the 

measurement is taken 
-thestatlsd~3errorof total field 

reading of lower gradient sensor 
-the signal strength and decay 

rate measurement.of lower 
gradient sensor 

l A simultaneous,~ not sequential, 
measurement of both sensors 

l A choice of sensor lengthsand 
configurations: 
-standard 0.5 metersensor 

separation mounted on staff 
- optional one metersensor 

separation mounted on staff 
-optional horizontal gradient 

93lSOl-S 
The staff length can be adjusted to 
achieve desired height of sensors 
iiOm the ground. 

l A choice of three data storage 
modes: 
-spot record, for readings without 

grid coordrnates 
- mUlt&COrd. for many readings 

at one station 
-auto record, for automatic ua- 

date of station number. 

Key Benefits 
Reads Both Sensors 
Simultaneously 
The OMNI IV reads both sensor3 
simultaneouslyand not sequentially. 
This type of measurement removes 
the effect of diurnal variations and 
magnetic storm interferences from 
the data. This is a true gradient 
measurement 

Improved Productivity 
The need to take only one 
simultaneous gradient measurement 
instead of two sequential measure- 
ments cuts reading time substantiallv. 

lmprov& Data During 
Magnetic Storms 
Gradient surveti can be conducted 
during magneticstorms resulting in 
no lost sunfey time. mis is another 
benefit of thesimultaneous measure 
ment of born sensotx. 

No Diurnal Corrections of 
the Gradient Required 
The effect of diurnal magnetic 
variations on the gradient measure- 
ment is cancelled due to this simulta- 
neous measuring technique. me 
total field measurement of the top 
sensor cari be self-corrected by the 
OMNI h/when used with the “tieline” 
mode or with another OMNI iV in me 
base station mode. 

Eetter Resolution of Total 
Field Anomalies 
The OMNI N In the gradient mode 
more sharplvdefines themagnetic 
responses determined by total field 
data. aoselv spaced anomalies are 
individually delineated rather than’ 
being Identified coliectively under 
one broad magnetic response. 

Direct Delineation of 
Vertical Contacts 
The OMNI IV Is an Ideal contact map- 
ping tool especially in vertical to 
near-vertical contact or fault zones. 
These Vertical contacts are expressed 
at the zero line of gradient contour 
or profile values. Vertical dykelike 
bodies can also be mapped effectively. 

- 

Enhances Near-Surface 
Anomalies 
shallow, near-SUrfaCe sources (high{ 
frequency anomalies1 are 
emphasized relative to deeper 
responses (lower frequency 
anomaiiesl. This can provide an on- 
thespot approximation of the dep 
of me anomalous source. 

Automatically Removes 
Regional Gradient 
The gradient measurements ability 
differentiate between higher and 
lower frequency responses effect- 
ively removes background regional 
oradients from anomalous residual 
~KPOIUK. 

Gradient and Total Field 
Readings Stored 
Simultaneously 
Data is enhanced by the abilify of tt 
OMNI IV to simultaneously record in 
memory both the gradientand tot 
field measurements as well as the 
statistical error. Both tvpes of data 
offera unique alternative in me 
interpretation of magnetic field da 
i.e. gradient vector diagrams, dip ar 
strike length of body, etc. 

The OMNI N can Cycle automatically 
every 5 seconds in the gradient 
mode. This option can be used in 
stationan/ or mobile applications. 

Adjustable Sensor Hejghts 
The OM& Ngradientsensor iS 
mounted onto a sectional aiUminUn 
staff in which sections can be adder 
orsubtracted. This enables the 
operator to adapt the OMNI lV to rot 
ground noise conditions, terrain 
effects and survey logistics. In doin$ 
so, near surface effects can be 
selectively emphasized or dimlnlshs 
depending upon me SurveY target 

choice of Se&r separatio 
me Use of the 0.5 meter standard 
and/or 1.0 meter optional sensor 
separation provides UnlqUe interprf 
rative InformatIon especlallv useful 
near surface anomalous conditions 
i.e. determining IF the field has 
curvature or is linear. 



&a Output Options 
he OMNl IV UfliVeISal com- 

%unications interface enables the 
Aser to output and analvze data 

g12z.a numberofophonsand 

7 
Any Computer with RS 232C 

he OMNI IV can transfer uncorrected 
%r corrected field data into any 
jomputer with an R5 232C port 

hmugh the EDA universal cqm- 
nunications interface. Computers 

Xv&h collection packages induding 
‘either”XON XOFF’ 0r”ENQIACK” 

‘xmmunication protocol forma& are 
also compatible. 

‘Data transfer from the field to the 
-dfrice is also possible through Me use 

of an optional modem interface. 

I 

Co~kggensjve Software 

Once the OMNI IV data has been 
transferred to a microcomputer, it 
can be further analyzed through a 

.,number of availablesoftware 
pacfcages: 

Ll 
l 

1. a CPlM Software package 
adaptable to manv 
microcomputers such as the IBM 
PC, APPLE. KAYPRO, TR8, OSBORNE, 
etc... This package enables the user 
to edit the data. obtain true line 
profiles and create plot files. 
The above CPlM SOMNare package 
is also aVailable plus theadded 
capability of merging the base 
station data of GEOMETRIC3 C856 
with me OMNI N to calculate 
diurnal Variations. This enables 
users to increase me flexibility OF 
their existing magnetometers. 
An HP 85 software package mat 
edits me OMNf Ndata, provides 
true line profiles and creates plot 
files. The package also pennitS me 
use of me c856 together with the 
OMNI IV to calculate for diurnal 
Variations. 
A Fast FourierTransform program 
is available where space or time 
domain data Is VanSfOmed to the 
frequency domain. From me 
examination of a power spectrum, 
fi;iFey.aV be customized to each 

Ufle Profile Fi’0ItI HP-85 

5. A Frequencv Domain Filter 
program is also available. The multi 
pass filter program allows user 
control of the turn on/off 
frequencies and filter decav rates. 
mese filters are useful for per- 
forming regional/residual 
seoaration or filtering of noise 
from data. T 

6. me UowardOownward 
-- Contkiuation program computes a 

2dimensional upward or down- 
ward continuation tranSfer 
function and,applies me operator 
to the input arrav in the Wave 
number domain. 

7. A Micro-t@MainframeCOmPUter 
program enables the user to 

.transfer me data from his field 
computerto a main frame where 
additional computation will be 
done. 

Profile Pld Out&s 
me OMNI .N can plot data as a profile 
through a printer. The Operator can: 

-select and program any gamma 
scale best suited for data 
presentation 

-output the digital or Plot fOrmatS 
simultaneouslv or separately 

- choose a 40.80, or 132 character 
printer paper width 

- olot both the gradient and 
corrected total field data 
simultaneouslv 

-transfer data plots to a printer as 
it is being stored In memory. This 
is ideal in base station 
applications. 

Many Digital ReCUrder 
Options 
The OMNI IV IS compatible wim manv 
digital recorders with serial interfaCe, 
such as MFE 2500. through 10 
communications interface. 
EDA’s digital recorder, the OCU-200, 
can store 21 .OOO readrngs and has a 
“read-after-write” capabllitV. 

Variety of Printer Options 
The OMNI IV can transFer data into anv 
printer wim a standard parallel 
tCentronlcs) interface, such as the 
Epson printer, mmugh its 
communications interface. 
me OMNI IV data can also be 
transmitted through two EDA 
printers: 

-me oCUO40, which is a small 40 
character AC only thermal printer. 

-me OCU-400, which is a 
ruggedized 40 chamcter thermal 
printerthat is used either with its 
internal rechargeable batteries, a 
12 Volt DC power supplv option or 
an AC power source. 

with me external 12 voit oc power 
s~pplv option linked directly to the 
DCUdM3. data transfer and charging 
of Internal batteriescan be done 
simukaneouslv. mere is now no 
dependence on a generator or AC 
powersource for data transfer or 
battery charging. This is ideai where -’ 
AC power is not available or where a 
back-up powersourceisrequired. 

Da& Output CapabilitiGs 
The OMNI IV 0Um~tS data in a 
choice of formats, depending 
upon the operating mode: 

-corrected total fleld data 
- uncorrected total field data 
- base station data 
- gradient field data 
- corrected tie-line data 
-tie-My data 

Grid coordinates of the data can 
be outputwith their designated 
compass btiring, using N, S, E, W 
aescriptors. 
Direction of travel along each grid 
line is programmable and will be 
reflected with or without a minus 
sign t-9. i.e. travelling soum or west 
Is negative 1-I. travelling north Or 
east is positive. 
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1.0 INTRODUCTION 

Results of airborne magnetometer surveys over the Telkwa, British Columbia area have been 

reviewed to determine if this data provides a cost effective method of evaluating the extent of 

Hazclton Group volcanics in tire region of the Manalta Coal Ltd. licences. Those licences which 

contain only Hazelton Group volcauics present limited economic potential for Manalta Coat Ltd. 

in this region. 

2.0 SITE. GEOLOGY 

The Geological Survey of Canada Geological Atlas Map 1424A (Parsnip River, B.C.) indicates 

that the bedrock in this region consists of the Hazelton Group volcanics and Tertiary intrusives. 

These rock types generally exhibit high magnetic susceptibility. 

3.0 AIRBORNE MAGNETIC MFTFIODS 

In the airborne magnetic method, total magnetic field measurements are collected by a magnetic 

detector mounted witbin an aircraft, or in a small streamlined cylinder (bird) which is towed 

some distance behind the aircraft. The aircraft is flown along a series of preselected, parallel 

1 



lines, preferably oriented perpendicular to the main geological trend in the area. Flight altitude 

is kept as constant as possible. 

The sensitivity of airborne magnetometers is generally greater than those used in ground 

exploration in order to obtain valid measurements several hundred metros above ground surface. 

In general, the advantage of airborne magnetics results from the great speed of surveying which 

translates into reduced cost per survey line-mile. Large areas within Canada have been flown 

by government agencies, the processed results of which are publicly available at a nominal cost. 

In addition, airborne magnetic measurements can be made over terrain which may be 

inaccessible for ground geophysical methods. 

The disadvantages of airborne geophysical techniques include reduced resolution in comparison 

to ground methods, and uncertainty of the exact position of the aircraft during the survey which 

results in some discrepancy as to the exact location of magnetic anomalies. 

Although present day navigation equipment virtually eliminates aircraft location inaccuracies, 

variations in the horizontal positioning of data collected in the past may be up to 50 ft. for flight 

altitudes of 1000 ft. 

2 



4.0 RESULTS OF THE TELKWA AIRBORNE MAGNETOMETER SURVEY 

The results of the airborne magnetometer survey performed in 1967 over the Telkwa, B.C. area 

are presented in the Province of British Columbia Department of Mines and Petroleum 

Resources/Department of Energy, Mines and Resources Geological Survey of Canada 

Aeromagnetic Series Map 5310G (Appendix A), Flight lines, oriented east-west, were flown 

at an altitude of 1000 feet above ground level. 

In the immediate vicinity of the Ma&a Coat Ltd. licences, several prominent magnetic 

anomalies have been identified (Figure 1). Anomaly A occurs in the vicinity of Man&a Coal 

Ltd. licences C.L. 8426, C.L. 8423 L250, C.L. 8424 L249, C.L. 8427, C.L. 5839 and 

C.L. 8428. 

Airborne magnetic anomaly B occurs in the vicinity of Manaha Coal Ltd. licence C.L. 3880 

L331, aIong the Tekva River. 

Anomalies C, D and E appear to occur outside the limits of the hcences. 

An area of slightly lower magnetic intensity, centred within licences C.L. 4262 L627 and C.L. 

4282, may be associated with a region devoid of Hazelton Volcanics, as identified by Manalta 

Coal Ltd. geology maps. 
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Within the general area, a regional trend shows increased magnetic intensity towards the 

northeast. 

There may be some question as to the exact location of the anomalies due to possible variations 

in the flight lines during the survey. 

5.0 GROUND GEOPHYSICAL PROGRAM 

In September, 1992 a ground geophysical program was conducted in an attempt to map the edge 

of the Hazelton Group volcanics and coal subcrop witbin Manalta Coal Ltd’s coal licence 4271 

in the Telkwa, British Columbia area. As summarized in a report submitted by 

Geo-Physi-Con Co. Ltd. entitled “Ground Geophysical Surveys, Telkwa, British Columbia” 

(October, 1992), the extent of the Hazelton Group volcanics has likely been defined by the direct 

current profiling horizontal loop electromagnetic and total field magnetometer methods. 

Results of the ground geophysical program have been combined with the airborne magnetic data 

and presented in Figures 2 to 4. No direct correlation between these two data sets is readily 

apparent. 



Regions of anomalously high magnetic intensity, as identified by the airborne magnetic data 

map, likely identify the occurrence of Hazelton Group Volcanics. Two of the anomalies appear 

to occur within the boundaries of the following current Manalta Coal licences: 

C.L. 8426 

C.L. 8423 L250 

C.L. 8424 L249 

C.L. 8427 

C.L. 5839 

C.L. 8428 

C.L. 3880 L331 

It is suggested that these areas be evaluated further by a drilling program or by a comparatively 

cost effective ground geophysical program to further determine the need to maintain these 

licences. 

The boundary of the Hazelton Group vokanics, as ide&ified by geological mapping and a 

ground geophysical program (Gee-Physi-Con C. Ltd., September 1992) within coal licence 

4271, has not been clearly defined by the airborne magnetic data. The ground magnetic 

anomalies which have defined this boundary are generally in the order of 50 gammas. This 

.5 



magnitude is likely too small to have been detected at altitudes of 1000 ft. above ground with 

the instruments used in the 1967 airborne survey. 

In conclusion. the airborne magnetic method is capable of identifying areas of anomalous 

magnetic response indicative of the Hazelton Group volcanics. However, without accompanying 

ground geophysics, regions of this geological structure may be left undetected. 

Respectfully submitted, 

GEG-PHYSI-CON CO. LTD. 
.’ 

per: 

Marlc&wman, P.Geoph. 
Project Geophysicist 

reviewed by: tip& 

Michael Pesowski, P.Geoph. 
Senior Geophysicist 

Calgary, Alberta 
December 1992 

-92-55 
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Sfl Sf2 RG'N CG 
.______- _---_--- ---- -- 

2.25 A 

1.40 A 

11.20 A 

16.76 A 

9.30 A 

13.71 A 

6.20 A 

5.70 A 

9.70 A 

43.70 A 

7.60 A 

a.20 A 

2.50 A 

a.99 

a.40 

35.05 

21.60 

6.10 

5.00 

62.48 

la.49 

25.70 

30.48 

61.60 

29.80 

53.95 

46.35 

as.98 

42.80 

30.90 

12.20 

9.76 

5.60 

15.90 

9.80 

21.10 

30.90 

26.41 

59.00 

3.70 

6.10 

59.64 

7.30 

.47.00 

10.35 

49.67 

6.70 

23.65 

51.66 
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0050 Ta2D232 6053798.85 621777.74 

0051 T82D233 6054270.42 619255.17 

0052 Ta20234 6054453.39 619710.37 

0053 1820235 6053794.11 622069.14 

0054 Ta20236 6054777.58 619821.53 

0055 7820237 6054858.19 619986.87 

0056 Ta2D238 6053803.16 621608.64. 

6057 Ta20239 6055035.62 620020.20 

0058 Ta20240 6055453.58 62D033.61 

0059 Ta20241 6053154.82 621253.79 

0060 T820242 6055016.50 619768.95 

0061 Ta20243 6053109.17 621396.46 

0062 Ta20244 6052607.78 621533.20 

0063 Ta20245 6053094.32 621649.97 

0064 Ta20246 6052344.83 621653.55 

0065 T820247 6053110.32 621870.18 

0066 Ta20248 6052041.16 621840.70 

0067 Ta2D249 6053128.79 622109.17 

,006s Ta2D250 6052083.16 622070.54 

0069 Ta20251 6052867.54 621583.54 

0070 Ta2D252 6052072.79 622346.72 

0071 Ta20253 6052593.21 622276.53 

0072 Ta2D254 6053837.00 622466.50 

0073 Ta2D?55 6053462.10 621656.66 

0074 Ta2D256 6052584.50 622016.71 

0075 Ta20257 6054640.00 621141.42 

0076 Ta2D258 6054415.00 621393.10 

0077 Ta20259 6054413.16 621075.47 

0078 Ta20260 6055019.04 621019.53 

0079 Ta2D261 6054451.29 619536.20 

0080 Ta20262 6055043.21 620789.04 

0081 T820263 6055520.00 620745.00 

0082 Ta20264 6055487.00 621256.86 

0083 TafD265 6054627.29 619688.00~ 

0084 Ta20266 6055282.00 620670.00 

0085 T820267 6054091.28 619565.22 

0086 Ta2026a 6054396.83 621643.42 

0087 Ta20269 6052240.00 620775.00 

0088 Ta20270 6052615.00 620525.00 

0089 TaZD271 -6054751.54 621651.13 

0090 Ta2D272 6055142.00 621633.00 

0091 Ta2R203 6047868.00 620675.00 

0092 Ta2R205 6048358.00 620667.00 

0093 Ta2R206 6048779.00 620279.00 

0094 Ta2R207 6049330.00 620137.00 

0095 Ta2R209 6053886.04 619618.16 

0096 TaZR211 6062132.00 615560.00 

0097 Ta2R212 6061020.00 615370.00 

0098 Ta3D301 6054146.91 .620956.24 

0099 Ta3D302 6054151.04 620895.38 

0100 Ta30303 6054151.61 620835.13 

0101 Ta30304 6054148.99 620924.04 

0102 Ta30305 6054153.50 620775.99 

0103 Ta3D306 6054143.56 621111.70 

0104 Ta3D307 6054130.70 621230.95 

0105 Ta3D30a 6054128.22 621353.72 

779.10 358.50 10.99 

770.20 130.00 130.00 

751.20 209.40 21.31 

782.90 270;30 9.70 

733.10 178.90 15.20 

730.10 151.00 28.11 

783.60 191.00 15.80 

725.60 159.40 13.38 

711.20 85.60 19.50 

816.60 115.00 4.60 

732.50 133.00 24.90 

828.50 148.50 5.30 

838.80 151.40 41.70 

859.10 227.00 9.20 

840.30 163.67 70.12 

860.20 258.60 9.10 

852.20 282.50 92.10 

867.50 264.30 10.40 

867.80 172.50 40.30 

871.90 355.70 8.67 

887.00 373.98 32.41 

903.30 361.40 10.29 

785.30 249.00 28.79 

802.30 200.00 7.04 

890.30 291.60 9.93 

i-28.50 78.30 12.50 

744.08 121.90 11.20 

747.10 87.17 6.10 

696.50 153.31 6.10 

755.40 221.58 49.22 

689.90 139.29 50.90 

680.00 61.00 61.00 

688.90 200.00 12.20 

737.30 279.10 16.40 

688.00 96.14. 62.50 

762.25 250.00 33.83 

745.20 300.60 6.78 

814.00 96.00 96.00 

804.50 120.70 94.50 

721.60 222.00 3.90 

707.50 121.92 6.10 

921.00 231.00 9.37 

955.00 208.00 24.00' 

979.00 236.00 11.90 

962.00 207.50 9.00 

765.20 150.00 24.00 

991.00 147.00 6.00 

907.00 264.00 6.00 

756.90 72.23 4.47 

753.40 47.85 4.27 

749.80 50.90 5.18 

754.90 60.05 5.48 

744.00 57.00 14.94 

760.10 87.48 5.49 

763.40 111.56 6.40 

762.00 93.57 a.53 
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0106 T83D309 6054146.39 621015.91 

0107 T83D310 6054136.31 621170.29 

0108 T830311 6054137.65 621140.29 

0109 T83D312 6053953.25 620924.49 

0110 T83D313 6054260.08 620909.65 

Olll T83D314 6054636.91 621010.90 

0112 T83D315 6054505.98 621254.00 

0113 T830316 6054904.29 621086.78 

0114 T830317 6054895.25 621290.25 

0115 T830318 6055279.67 621015.92 

0116 T830319 6053932.07 621256.17 

0117 1830320 6053967.33 621517.13 

0118 7830321 6053622.96 621505.13 

0119 T83D322 6053965.56 621669.98 

0120 T830323 6053964.75 621903.36 

0121 T830324 6053643.33' 621221.92 

0122 T83D325 6053299.16 621242.90 

0123 1830326 bb53440.50 621075.25 

0124 T83D327 6053289.00 621075.12 

0125 T83D328 6052893.00 621385.20 

0126 T830329 6052611.75 62lT18.23 

0127 T830330 6052878.71 622027.34 

0128 T830331 6052334.66 621888.74 

0129 T830332 6053452.43 622160.66 

0130 ‘1830333 6053269.95 621759.41 

0131 T830334 6053612.21 621772.34 

0132 T830335 6053280.35 621502.15 

0133 T83D336 6054614.08 621381.66 

0134 T830337 6054499.75 621528.87 

0135 T83D338 6054420.45 621894.21 

0136 T830339 6054764.62 621806.99 

0137 T83D340 6054269.91 621808.38 

0138 T830341 6054283.10 621517.66 

0139 T830342 6054267.66 621268.28 

0140 T830343 6055301.79 621342.27 

0141 T83D344 6055431.58 621624.49 

0142 583034s 6053978.86 619639.05 

0143 T83D346 6054201.69 619416.16 

0144 T830347 6054197.87 619647.63 

0145 7830348 6054622.79 619913.93 

0146 T830349 6054660.33 620148.38 

0147 T83D350 6054789.78 620931.49 

0148 T83D35.l ,6054756.21 621259.18 

0149 T83D352 6054110.00 621890.00 

0150 T83D353 6054836.00 621108.00 

0151 T83D354 6055913.37 622890.41 

0152 T830355 6055411.37 622898.28 

0153 T830356 6055887.17 622453.74 

0154 T830357 6055647.72 621641.53. 

0155 T83D358 6055463.06 622403.53 

0156 T83D359 6055394.79 621855.85 

0157 Ta3036i 6054759.74 622190.14 

0158 7830361 6055643.62. 621882.97 

0159 T830362 6054459.18 622094.53 

0160 T830363 6055138.93 621886.45 

0161 T830364 6055145.15 622617.92 

759.90 69.19 8.84 

762.10 90.52 9.45 

760.70 20.42 3.35 

764.90 59.44 3.96 

750.60 66.14 6.71 

723.90 60.00 9.14 

735.00 81.38 9.45 

712.80 84.43 4.88 

713.70 108.81 3.05 

684.60 114.91 10.97 

772.40 75.29 5.49 

772.00 148.44 5.79 

790.10 124.06 4.57 

768.80 178.90 6.00 

769.70 144.20 6.00 

788.50 60.05 7.50 

803.10 66.14 6.00 

792.80 84.43 7.62 

794.10 100.90 9.75 

832.60 87.40 4.88 

863.50 193.85 1.22 

895.60 175.87 I.22 

858.30 185.01 11.08 

816.50 164.59 20.12 

824.50 184.00 10.60 

790.60 107.00 10.05 

810.60 127.00 4.17 

727.70 111.00 7.80 

733.30 107.00 6.71 

742.30 215.00 7.08 

720.60 114.90 6.00 

753.20 187.40 7.01 

754.50 167.70 9.14 

757.50 130.40 6.10 

698.50 172.80 9.66‘ 

694.30 148.30 2.60 

763.50 134.10 26.10 

766.80 126.40 70.10 

760.10 104.50 21.34 

731.10 132.80 24.72 

717.40 129.20 19.50 

715.10 62.50 9.14 

721.40 111.90 7.62 

762.00 148.40 6.71 

720.30 142.30 6.93 

660.90 162.80 15.20 

685.70 110.00 18.00 

670.40 127.00 10.00 

686.80 112.70 14.90 

684.80 108.50 9.00 

694.40 136.80 10.00 

722.30 165.70 10.00 

684.50 154.50 4.00 

740.90 189.00 9.00 

704.00 150.50 15.00 

692.50 107.00 9.00 



._ 

0162 T830365 6054359.96 622395.49 

0163 Ta303.56 6055641.91 622135.11 

0164 'la30367 6054422.69 622863.66 

0165 Ta3D368 6055398.25 622088.73 

0166 T830369 6055903.47 621902.38 

0167 Ta40401 6056405.64 622175.42 

Ol68 184D402 6053962.32 622004.85 

0169 Ta40403 6053811.00 621902.14 

0170 T840404 6056393.23 621643.49 

0171 T840405 6053630.65 621893.43 

0172 T84D406 6055911.03 621634.53 

0173 1840407 6053644.29 621650.60 

0174 1840408 6055926.22 622165.17 

0175 Ta4D409 6053445.11 621783.12 

0176 T840410 6056154.04 622147.71 

0177 Ta404II 6052719.04 621482.40 

0178 T840412 6056132.33 621920.09 

0179 la40413 6054402.16 620905.39 

0180 T840414. 6056137.00 621650.51 

0181 Ta4D415 6054501.91 620937.59 

0182 5840416 6056136.65 621425.92 

0183 5840417 6054507.39 621104.86 

0184 T840418 6054234.53 621082.41 

0185 7840419 6056329.37 621885.85 

0186 1840420 6054388.91 621253.99 

0187 RX40421 6056427.44 622425.55 

0188 Ta4D422 6054630.37 .621265.67 

0189 1840423 6056681.83 622447.25 

0190 184D424 6054758.06 620996.28 

0191 T84D425 6056684.47 622189.77 

0192 Ta40426 6053944.95 620803.61 

0193 Ta40427 6056456.72 622676.67 

0194 Ta4D42a 6054500.71 621367.54 

0195 EL40429 6056680.32 621925.18 

0196 Ta40430 6054621.41 621529.05 

0197 7840431 6055268.15 621617.75 

0198 RX40432 6054613.64 621667.59 

0199 184Q433 6054627.54 621891.29 

0200 1840434 6055488.91 621548.50 

0201.Ta40435 6054877.00 62Iaa1.91 

0202 1840436 6055271.24 621188.91 

0203 1840437 6054897.70- 621698.65 

0204 Ta4D43a 6055041.73 62123a.03 

0205'784D439 6058000.00 622200.00 

0206 WD440 6059637.49 617695.88 

0207 184D441' 6059599.87 618291.78 

0208 Ta4D442 6059822.54 618519.92 

0209 T840443 6059544.04 618880.29 

0210 T840444 6059854.28 619102.18 

0211 TaSD501 6059570.41 617481.35 

b212 Ta5D502 6059436.41 617855.24 

0213 Ta5D503 6059065.37 618780.93 

0214 Ta5D504 6059690.28 618644.04 

0215 T860601 6059815.07 616957.02 

0216 T860602 6059280.32 617799.35 

0217 T86D603 6059284.82 618626.00 

749.40 163.80 10.00 

686.00 151.40 9.10 

752.80 116.90 14.00 

690.00 120.40 9.00 

675.20 108.80 7.00 

648.61 114.90 5.18 

771.30 163.68 10.70 

779.30 157.50 12.32 

649.30 96.62 19.50 

791.30 238.35 a.22 

673.60 84.12 16.10 

790.50 200.20 10.00 

673.10 114.90 6.10 

807.90 136.25 6.10 

662.50 84.40 4.60 

836.60 74.68 6.10 

663.30 50.90 7.54 

737.30 105.70 0.80 

660.20. 102.70 12.91 

731.60 72.00 6.90 

654.70 84.12 37.30 

739.80 TO.53 9.93 

736.80 117.96 6.71 

654.41 ‘90.00 4.00 

748.40 114.91 6.40 

647.&o 96.62 6.70 

726.00 93.57 6.18 

649.10 139.29 21.34 

718.20 178.90 7.00 

638.60 78.33 9.10 

756.60 53.90 4.00 

661.10 41.10 21.34 

735.40 108.80 7.62 

637.70 110.00 49.40 

725.10 133.20 7.68 

702.70 127.10 21.34 

728.40 127.10 4.57 

727.70 102.11 10.30 

688.60 106.00 10.90 

717.80 al.92 7.62 

694.80 102.70 7.00 

715.50 96.20 7.60 

708.20 148.10 6.10 

599.00 50.30 50.30 

891.30 145.00 4.00 

839.40 224.70 3.60 

830.10 139.30 12.80 

770.20 111.86 13.53 

765.50 123.70 9.97 

896.60 59.50 6.83 

863.60 148.25 7.40 

735.70 68.66 7.06 

804.60 24.97 11.45 

923.21 71.49 13.05 

848.44 110.95 6.09 

772.20 60.00 21.13 



. 

02t8 T860604 6059944.15 618747.17 

0219 T88DBOl 6059396.90 617185.42 

0220 T880802 6060252.33 616192.71 

0221. T880803 6060341.25 616736.50 

0222 T880804 6060041.04 616816.03 

0223 T880805 6059912.69 612104.45 

0224 T88D806 6060713.87 615390.61 

0225 1880807 6062397.66 615629.27 

0226 T880808 6062571.18 614525.46 

0227 T88D809 6060976.58 616215.89 

0228 T88D3810 6060622.98 616484.67 

0229 T88D811 6060212.91 617102.90 

0230 T88D812 6060396.82 616582.71 

0231 T88D813 6060684.82 616346.01 

0232 T88D814 ,6k9756.62 617604.43 

0233 T89D907 6059490.95 618700.53 

0234 T890920 6060104.79 617060.66 

0235 T89D921 6060090.04 617202.99 

0236 T890922 6059966.20 617001.64 

0237 T89D923 6059701.20 617353.04 
.0238 T890924 6059745.62 617505.77 

0239 T&Q925 60598b7.78 617760.40 

0240 T&D926 6060118.50 618536.21 

0241 T89D927 6059180.29 618699.78 

0242 T890928 6059599.62 618749.15 

0243 T890929 6059656.49 618587.09 

0244 T890930 6060005.37 618698.28 

0245 T89DV3t 6059836.07 618879.16. 

0246 T89R901 6059332.54 618991.67 

0247 T89R902 6059313.15 618804.77 

0248 T89R903 6059679.29 619097.90 
.0249 T89R904 6060005.24 618795.73 

0250 T89R905 6059708.99 618667.41 

0251 T89R906 6059829.11 618739.39 

0252 T89R908 6059854.86 617492.63 

0253 T89RbOV 6060324.71 616912.10 

0254 T89R910 6060227.50 617023.24 

0255 T89RVtt 6060259.36 616606.42 

0256 T89R912 6060160.75 616737.60 

0257 T89RVt3 6059793.07 617185.89 

0258 T89RVt4 6059966.07 618250.86 

0259 T89RVt5 6059417.58 618116.67 

0260 T89RVt6 6059740.06 621143.27 

0261 T89k917 6060483.30 621041.50 

0262 TWR918 6060240.00 620543.90 

0263 T89R919 6059359.10 620230.10 

r-. 0264 T92DOl 6061023.33 616413.43 

0265 T92D02 6060495.96 616384.31 

0266 T92D03 6061042.90 616101.85 

0267 T92D04 6060815.89 616230.92 

0268 T92D05 6060309.12 617084.51 

0269 T92D07 6059989.67 617819.25 

0270 TV2009 6060042.33 617297.91 

0271 792012 6060315.44 619119.91 

0272 TED20 6059692.44 618834.80 

0273 T92D22 6059980.87 618905.78 

4L-J 1, 
812.64 

888.77 

930.22 

973.92 

939.70 

933.83 

899.16 

809.94 

895.02 

976.28 

999.64 

995.31 

975.14 

983.04 

910.13 

782.52 

966.95 
976.29 
938.33 
908.30 

911.77 

906.30 
876.30 

752.58 

786.80 

808.88 

832.68 

789.93 

740.80 

758.53 

749.66 

819.30 

803.15 

805.85 

926.59 

985.46 

989.09 

956.64 
954.00 
922.86 

873.12 

838.26 

589.81 

576.30 

590.20 

84.43 15.30 

84.73 9.60 
93.40 6.71 

131.10 3.66 

76.80 6.10 

77.20 6.10 

59.00 9.10 

118.80 6.70 

60.96 6.10 

112.78 24.30 

150.00 24.38 

213.00 la.23 

118.87 9.10 

137.16 30.48 

110.00 6.10 

62.81 13.35 

48.70 ID.00 

113.00 16.00 
67.00 9.10 

64.00 7.36 

66.10 5.90 

180.00 5.90 

21.90 18.30 

62.20 2.00 

79.00 14.60 

57.00 13.90 

76.00 23.00 

97.00 21.20 

100.00 11.60 

81.00 17.80 

99.00 11.20 

98.00 12.00 

71.00 10.80 

79.00 17.60 

102.50 5.50 

75.00 6.00 

94.00 12.40 

94.00 6.00 

94.00 6.32 

63.50 6.00 

78.00 17.30 

99.50 5.89 

28.00 12.00 

72.60 

63.30 5.80 

628.00 85.00 9.40 

I-.- 1008.88 143.20 25.00 

970.88 

965.13 
971.94 

1006.39 

936.36 
969.43' 
826.22 

783.52 

799.69 

155.40 rs.10 

152.40 19.70 

191.50 la.30 

134.10 8.51 

234.70 21.30 

131.10 7.62 

176.83 10.60 
84.50 12.20 

104.61 ~7.50 

‘--l~-ac -... .I 

SC 

SC 

SC 

SC 

SC 

SC 

SC 

SC 

SC 



0774 i92024 6061109.98 616313.11 993.85 113.80 22.86 

0275 T92026 6061188.15 616476.90 1023.20 152.40 34.90 

0276 T92D31 6061246.96 616323.35 999.00 121.95 22.87 

0277 T92D32 6061197.79 616023.92 958.90 146.30 22.90 

0278 T92D36 61520.14 616090.86 975.10 70.10 22.90 

0279 T92037 6061570.94 616309.26 993.80 76.80 13.70 

0280 T92038 6061240.71 615395.99 903.80 42.70 12.10 

0281 T92D41 6060077.12 616619.90 936.10 53.90 3.75 

0282 T92R06 6060815.25 616470.62 .1012.95 152.40 23.17 

0283 T92R08 6060521.82 616633.30 1003.02 134.10 19.82 

0284 T92RlO 6060317.15 616453.88 952.94 97.50 4.88 

0285 T92Rll 6060218.83 616850.00 971.34 121.90 7.01 

0286 T92R13 6059946.29 616943.42 933.98 76.20 4.88 

0287 T92R14 6059936.08 617163.19 937.87 n.10 3.05 

0288 T92Rl5 6059796.04 617093.67 924.22 85.30 11.28 

0289 T92Rl6 6059786.08 617410.50 921.29 85.30 3.96 

0290 T92Rl7 6059906.16 617644.78 931.25 127.70 2.13 

0291 T92Rl8 6059633.81 617356.65 904.74 48.80 4.27 

0292 T92R19C 6059515.16 617647.29 885.33 67.10 4.27 

0293 T92R21 6059604.58 617810.40 882.39 134.10 2.74 

0294 T92R23 6059346.79 617961.49 843.19 164.60 3.05 

0295 T92R25 6059391.60 617741.39 866.18 79.20 3.05 

0296 T92R27 6059524.25 618544.12 803.30 48.90 9.75 

0297 T92R28 6059368.25 618748.78 768.40 60.90 8.69 

0298 T92R29 6059962.82 618559.11 837.50 48.80 12.20 

0299 T92R3OC 6059032.23 617811.42 812.89 84.20 6.70 

0300 T92R33 6059014,25 617644.91 824.10 97.50 9.59 

0301 T92034 6061348.79 615882.90 945.60 121.90 20.92 

0302 T92R35 6058956.08 617440.97 830.78 152.40 Il.28 

0363 T92R39C 6051475.29 616954.96 919.43 62.50 2.29 

0304 T92R40 6051986.19 617031.65 872.31 67.40 12.80 

0305 T92R42 6051425.86 616728.78 923.11 28.10 7.25 

0306 T92R43 6050502.79 617702.55 974.51 85.30 1.83 

SC 
SC 
SC 
SC 
SC 
SC 
SC 
SC 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

SC 
a 
a 
a 
a 
a 
a 

SC 
SC 
SC 
a 

SC 
a 
a 
a 
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Am but 10190 
Silty @ top minor SSD 
tnbedded SSMrtn (20,SO) 
tnbedded SSMtst” (60140) 
tnbedded SSlsiltstn (3gflg) 
Inbedded SSkiltstn (WSS) 

Solid I 0.01 I 104.941 104.951 llhludstn IBlack’ I lVew&wmahi 
Broken 
Broke” I CL: 

H7.09 118.1, 14 Cal stack 
i18.11 118.21 15 Cal Back 
118.2, 118.29 15 Cab. m”dc.t” mw 
,vJ.*s i 19.03 16 coal slack 

119.03 il9.l 17 Muds,” GW 
119.1 119.51 ,8 coat Black 

119.51 120.5 19 Muds,” M.WY 
_. 120.5 120.97 *ocoat sladk 
0.84 21 Silty “,“d6,” Maaslve 

72 8.3 SU,d” D.grey,“.ulln 
78 7.78 Silty ss,v.tiile ht.grey,masstw 

I 
70 

I I 
H.66 
3.26 I 

Sands,“,“.fine Massive 
Sands.t”.mar. MaESlve I IFI& &&&wemll to F ar. at times. 

Clean, bright. mnchddat fract 
Plant debris common throughout 
Oh+, bands @top. R/rite @top 
Fining “pvards _ 25 E”, tab” 
lnbedded SSkiltstn (40,SO) 
Sk,” @I top grading to tig FS. P/rite tenses @ Z.Om lmm top. Ox. bivalves 
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PROJECT Telh 

DATE Sept. 2192 

HOLE # TSZD-03 
SITE # 24. 
CORE TYPE NO 
GECKUST Angelo 

73 V.broken 
73 Broken 
75 Blocky 

Broken 
72 Blocker 
70 V.bmken 

V.bmken 
V.bmksn 

Blocky 
Blocky 

Broken 
Broken 

66 Broken 

70 

71 

Broken 
Broken 
Crushed 
Broken 
Edc&y 
Blocky 
BIG+ 

,TEP.“AL THb 
==,-zr- 

,527 
ii.80 
12.74’ 
3.67 
1.55 
1 .B7 
1.76 
1.94 
0.03 
0.68 
0.01 
0.74 
0.02 
0.07 
0.10 
II.29 
Il.11 
0.53 
2.92 
1.43 
0.05 
0.08 
0.90 
0.01 
0.40 
0.55 
0.39 
0.32 
0.39 
0.02 
0.58 
0.03 
0.66 
0.23 
0.6, 
1.3, 
0.61 
0.15 
0.99 
10.40 
0.63 
$91 
0.12 

76.4 
76.4: 
77.1, 
77.1; 
77.2 
77.3 
77.6 
77.7: 
782 

34.4: 
84.9~ 
85.3 
86.8 
85.28 
863 
8623 
86.9 
87.5 
87.81 

CONTRACTOR J.T. Thomas 

LoGOlNO co. BPB 

CASINO ,9.82 
LCGOER Al Bm”on 

1 
1 
2 
3 
3 
3 
4 
5 
6 
7 
8 
9 

10 
10 
11 
12 
13 
14 
15 
16 
16 
16 
17 
18 
19 

20 

Bandy silk1n M.grsy,msSsivs 
Siltsln D.grsy,mss*i”s 
Slitsln 
Muds,“. o.grsy,msssi”e 
Siltsln D.grsy,msssi”s 
Sillyss,v.Ons M.grsy,massive 
Sillyss M.grey,thi” 
Sillym”dsln 
Csrb.m”dsln Black 
CDS, Black 
Carb.mudsln Black 
Slilsln M.grsy 
Carbmudsln Black 
Cd Black 
Cahmudstn Black 
Coal Black 
Muds,” D.grey 
CDS, Black 
Siltymudstn 
Sikh D.grsy 

Cxb. mudsln 

Siltymudstn 
Muds,” 
CDS, 
CDS, 
Coal 
Coal 
COSI 
Muds,” 
Coal 
CDS, 
coal 
Coal 
Mudstn 
Sandy sillsln 
Carbmudsln 
CDS, 
Csrb muds,” 
SillSbl 
Csrb muds,” 
Csrb muds,” 
Mudsln 

Black 
Black 
Black 
Black 
Black 
Black 
Black 
Black 

D. gwy 
Orey,massive 

V0n/Lh 

Page 1 
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24 
2s 
25 
26 

27 
28 
2s 
2s 
30 
30 
31 
32 
32 
33 
34 

35 
3s 
3s 
3s 
37 
37 
3s 
39 
3s 
40 

:i 

140.46 140.56 Coal 
14056 141.03 coa, 
14196 141.11 ma, 
14111 141.37 Coal 
141.37 141.41 CXb muds,” 
141.4, 142.78 Muds,” 
142.78 143.20 cm, 

Muds,” 81 
Sillymudsln 
SlllSl” TI 

aok 
ack 

11” SD 

Senlonitio mudsln 

ISI. dirty 

Page 2 
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PROJECT Tellma 
DATE sop,. 8,92 
HOLE tl TwJ47 
SITE # 19 
CORETWE NQ 
GEOLOGIST Angelo 

TERVAL TH FROM 
15.24 3.84 3.79 

T 

9.47 0.91 2.69 1.00 I,.20 
11.38 

9.76 
3.76 
614 

11.11 
1.65 
1.61 
3.68 
0.02 
2.99 
4.70 
0.66 
2.92 
3A8 

5- - 

67.5 
67.7 
57.7 
67.8 
68.3 
68.4 
68.6 

70.2 

M”dSl” D.bmwn,massi 
M”dS,” D.grey.massh 
Silty Mudstn 0. gray, nKlssi 
CXb mwlsl” Black 
silty nl”dSl” D. grey. massi’ 
Silk,” 0. gmy. nnSSl 
sa”dsl”,tigr. L.grey,ma**i”e 
Silly ss. vfgr Lgrsy, massiv< 
Silk+” M.grey.massia 
Dirty sikstn M.grey. massh 
Slltyss,vrg htgrey, nm55lP 
SIM” M.grey, massiv 
sandy Silkl” M.grey. mash 
sa”dse,tig Lgrsy, v. thin 
Sandsln,vrg I.. grey,“.lhln 
Coal Black 
Sillstn D.grey, v. lhin 
Sillstn 0. gray, v. thin 
Sandsln, vrg L.grey,med 
Sillstn M.gr.sy, thin 
Sikh M.grey. massh 
.Sa”dSl”,tig L.grey,massive 
Sandy Sillstn M.grey,massiv~ 
Sillsln tb4.grsy, thin 

SillSl” M.grsy. med. 
Muddy 8o1sl” D. grey, massi 
SSiksfn D. grsy. massi 
sandst”,vfg Mgrey, v. thin 
Sandys,l,sln,tig D. grey,v.lhln 
CXb. 51,151” D. grey, v. thin 

I Garb. sillsln D.grey, v. lhin 
2 Coal Black 
3 Cd Black 

4 Coal Black 
5 Coal Black 
6 cm, Black 
6 cab. slllsln D.grey. massk 
7 SOM” 0. grey, v. thin 
7 Coal Black 

3 STRUdNOTES 
I 
Wealhered, ma,or core Ioss 
CS,b LO”BS, 51, coaly 
Silly Ihroughoul. Fining up, mdsln oHen grades lo sltsln 
Coalym”dsln 
Sillier towards base 

Siltiertowards base 
IG.md lo sillsln 
Fmer gained near base. Muds,” massive beds w. grad conlsclswlin 

Faint bedding lraces 
Fe noduleslconcrelians @ 1.7gm 
Fainlly bedded almost massiw Calve nodules throughout 

lnlbd Vrg sslsllstn (35/65) ss Inferbeds up to 10 cm thick. Cal& ncdulss. Indiv. beds massive 
Sheared massiw s,,sln w. WC. tigr ss lnlerbeds 
Shsared A(A. Grad. lowercon,act 
lnlbd ss/sllsln (SW40). X-bdg 61 SSD sharp conlacls on individual bends. Fining up circI~s. Carb 18ns. 
NA but (40150) At base ss/sllsln = 20180 
Thinly lnlbd ss,s,,s,n 10190. Overall lining u,,. Carbier @ base. 
lnlbd massive sllslnlcoal(65/35). Abrupt contacl w. coal below. Common pyr. banding Wcm) 
Clean bright. Good cleat. occ. pyrite @top 
Pyrite blobs& bandslhroughou( 
“. FydOC(70%) 
0~0. 61, dirty. SI. pydfic 
Clean. bright 
60% mudstn lnlbd w. coal. 
Clean. bright 
Plant debris WI” esp @ top. 
Pyrilie @ lop. Dissem. lhroughout 
Oidy pydllc banding. 30% ~yrils 



54 Broken 
BlOke” 
Brake” 
Broken 
Crushed 
“. broken 

47 smken 
Broken 
V. broken 
V. broken 
v. broken 
V. broken 
v. broke” 
SIOke” 
Broken 
Crushed 
Blocky 
V. broken 

71 

so 

68 
BlOC!Ty 
meky 
Crushed 
Broken 
Broken 
Smken 
V. Broken 

TERVALTH(FROM (TO ISAMPLES IROCKNPE IDESCRIPTION 
0.481 170.241 170.721 9lCd ISlack 

Slack 
0. grey 
M.grey, massivt 
ivl.gr.sy, v. thin 
D. grey. ma& 
Black 
Black 
slack 
Black 
Black 
Slack 
0. grey, nxlSSiY 
Slack 
D. grey,massiw 
Slack 
Slack 
Slack 
Slack 
L.g,ey 
tQ!rey 
L. grey, med. 
D. grey 
D. grey 
Slack 
Slack 
Blaok 
Slack 
Slack 

V. thin 
Black 
D. grey 
Black 

Black , 
Orey, med. 
Blaok 

i0 STRUdNOTES 
Cl&?” 

Rool. 25 cm sampled. Fydlio 
CbX” 
man 
DW 
Dim bands 
V. dirty bands 

Cab. occ. thin 88 beds (c 1 om) @top 
0~0. carb s,,,s,” 
Planl debris. Fyilio banding @ base. Raa12S cm taken. 
Rapid grad 10 coal conlacl 

Possible loss 
Ditty 
Cb” 
Floor. Lower 67 cm = sltstn 
overd, fining up 





, 

SCA JCORE STATE 

T92DOQ.XLS 



2013 

89.09 29 cm! 
89.95 

AC42 m”ds’n 9o.H 30 2 
90.53 31 cad 
90.67 32 cm! 
90.89 33 cm, 



T92pO9XLS 
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7 

7 

8 

Q 

ma, 
t&by mud.,” IEarthy br..bedd. 
Mud& 
Coal 
Coal 
Muds,” 
Muds,” 
co*, 
Muds,” 
co*, 
Muds,” 
Garb mudsln 
Cd 
co*, 

Dirty 
C,ean.dirtyzones 
Wle banding throughout 
Cl**” 
“.oalb @lop 
Clean 
Clean. bright 
Banded with coal 80% mk 
Clean, 81 dbt,ertawards base 
Cd, clean 
40 % pyrite 
Clean, bright 
Rock loss 
SI. dkiy.co.4 loss 
C&3*” 
Lower 10 cm 31. dim 
SO”,. 
BS”,. 
Cl%?” 

3 cm carby bed @ 1.76. ,,yrile nodules 
man 

HZS pyrite banding < 1 cm 
Hard. clean 

Dhty, pyrite bands 

Pyrite banding < 1 cm 
Abundant pyrbands 
Pyik mset,es 
Pyr & alo. dirty 
PJA 
“egeta, “m”e,,b,““Qho”l 
core Ioss,c*lc qn. 
Hard, clean 
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PRaJECT Telkwa CONTRACTOR J. T. Thomas 
LOGGING CO. BPS 
CASlNG 
LOGGER A!E*eno” 

i5TTkm 
=-ET 

1/9:15 

111220 

1 

2ll5.24 
ms.29 

sm.34 
5124.39 

5153.53 

79 EPZke” 
59 Broken 

S,Oke" 
SK.ke" 

52 Broke" 

81 Broken 
Broken 

"TERVAL THI 
762 
1.00 
1.6, 
0.14 
1.25 

0.68 
0.14 

0.29 
0.32 
0.40 

1.22 
3.05 
2.94 

01s 
3.05 

3.00 

0.33 
0.42 
0.05 
2.35 
2.87 
2.12 
029 

0.01 
0.54 
0.35 
035 
0.38 

1 Al 
D.04 
0.12 
0.08 
0.26 
0.32 
0.55 
0.04 
0.04 

0.01 
0.78 

20.57 20.85 Aoos, wgr ss 
20.85 23.90 *KS wgrss 

23.90 25.90 A007 SiliySS 

35.34 35.35 2 sm*1n Medium grey 
35.35 35.89 3 Coal Slack 
35.89 35.24 4 Coal Slaok 
35.24 35.59 5 Coal Blaok 
35.59 35.97 A012 Muds,” Darkgrey, massive 

35.97 39.38 A012 Silly mudsln 
38.39 39.42 A012 Garb. muds,” 
38.42 38.54 5 ma, 
38.54 38.52 6 Mdsln 
38.52 38.88 7 Coal 
38.88 39.20 8 coal 

39.2 39.85 9 cm, 
39.85 39.89 10 Garb. mdsln 
39.89 39.93 IO “0l~“lC.S 

39.93 39.94 IO Carby mdsln 
39.94 40.72 11 ma, 

Medium grey, Massive 
Medium gmy, Massive 
Medium grey, Massive 
Medium grey, Vlhln 

Medium gmy, “thin 

Light grey 

Dark grey,,massi”* 
Medium grey, tibin 
Medium grey, tibin 
Medium grey, tihin 
Slack 

Medium gmy, v.thin 
S,ack, massive 
Slack 
srwn 
Black 
Hack 
Slack 
Black 
Medium brown 

Slsok 
Slaok 

coa1y 
Clean, bright 



7 
?,42.68 

~?,45.?3 

ai 

9154.88 

9157.92 

1ofao.98 

VJE4.02 

,4,aa.3? 

SCA ICORE STATE 
CruShed 

55 
50 
10 
aa 

7, 

a0 

72 

a5 
35 

?a 

“sly broken aaa 40.86/ 4lS4( A013 IMuds!” ,D+grsy 

Crushed 

Crushed 
very broken 
C,“shed 
Crushed 
SrnkS” 

Broken 

very broke” 

0.1, 
0.0, 
156 
0.70 
0.96 
0.91 
0.02 
0.62 
0.20 
1 A3 
150 
1.75 
2.80 

3.05 
0.98 
0.05 
0.42 
1 .a5 
1 .?O 
0.25 
1.09 
0.34 
0.25 
0.37 
0.65 
0.12 
0.38 
0.0-l 
0.8, 
0.9, 
0.34 
0.32 
0.35 
0.02 
125 
0.20 
0.04 
2.87 
1.36 
0.16 
1.53 
3.05 
3.05 
0.19 
0.78 
0.15 
0.40 
0.25 
0.11 
0.48 
0.5, 

4154 
41.7, 
41.78 
43.34 
44.04 

45 
45.9, 
45.93 
4655 
45.75 
48.18 
49.68 
51.43 

41.7, 
41.78 

i-i:: 
45.00 
45.9, 
45.93 
46.55 
4a.,a 
48.18 
49.68 
5, A3 
54.23 

12 ma, Slack 
A014 Silly mudstn Msdiwn grey 
A014 Siliy mudstn Dark grey 

13 CO.4 Slack 
14 Coal Slack 
15 ma, Black 
15 Muds,” S,oWn 
1s CO.4 Black 

A015 Muds,” Dark grey, massive 
A016 Silly ss Medium grey. vlhi” 
AO,? Silly ss Medium grey. v(hi” 
A017 Silly ss Medium 9,s~. v(hi” 
A018 Sk,*” Medium grey, “thin 

E-i.23 
57.28 
58.26 
58.32 
58.74 
50.39 
62.09 
62.34 
63.43 
63.77 
64.02 
94.39 
65.04 
55.16 
65.54 
aasa 
56.39 
67.36 

a,., 
68.02 
58.37 
68.39 
69.64 
69.84 
59.88 

5?.:28 
58.26 
58.32 
58.74 
60.39 
62.09 
62.34 
63.43 
63.77 
S-l.02 
64.39 
65.04 
6516 
65.54 
a558 
55.39 
57.36 
57.70 
58.02 
68.37 
58.39 
69.64 
69.84 
69.88 
72.75 
,411 
74.2, 
75.80 
78.85 
al.90 

A019 
A020 
A020 
A020 
A020 
A021 
A021 
AOZ, 
AOZ 

1, 
,a 
,9 

‘20 
2, 

A023 
A023 
A023 

22 
*3 
24 

A024 
A024 
A025 
A025 
A025 
A026 
A026 
A026 

SIM” 
Ski” 
Carby mudst” 
Slkl” 
SS.,g, 
ss,Vfg, 
Carby mudsln 
Silty ss, tfgr 
sasttn 
Coal 
Coal 
Coal 
Muds,” 
Coal 
Mudstn 
Slk,” 
Sk,” 
Coal 
CO.4 
Coal 
Muds,” 
Mudsl” 
Muds,” 

Medium grey, tihin 
Medium grey, tihlo 
Dark grey, massive 
Medium grsy, tihi” 
Ught gmy, thin 
Medium grey, thin 
Darkgrey 
Medium grey, thin 
Mm grey, thin 

Very broken 
Very broken 
Broken 

S,Ok*” 
Crushed 
Crushed 
sroken 

Very bmken 

Very broke” 

Shky 
SlOCky 
Smksn 
Vely broke” 
Crushed 

Cmshed 

Very broke” 
Blocky 

ITERVAL TH 
0.14 

*of3 

72.75 
74.11 
74.27 

75.8 
78.85 
a,.90 
82.09 
82.87 
83.02 
85.42 
83.68 
83.79 
84.27 

82.09 A029 sasln- 
82.87 A029 Muds,” 
83.02 25 Coal 
83.42 *a cm, 
83.53 27 cm, 
83.79 A030 Muds,” 
84.2, A030 SllSl” 
a4.?a A030 ss.tigr. 

A028 

Slack 

DaMrey 
Slack 
Slack 
Medium gmy, tihin 
Medium grey, vthi”. 
slack 
Slack 
Slaok 
SlSCk 
Dark grsy, lnas*i”e 
Dark grsy, ma&s 
White 
Dark grsy. vthl” 
Dark grsy. massiws 
Llghl gmy, tihl” 
Llghl grey, massive 
Llghl grey, “mssiw 
Light grsy, mass,“~ 
Dark gray, ma&s 
P$$m grey, massIv.3 

Slack 
Slaok 
Light grey 
Medium grey, thin 
Light grey, massive 

T92D-ZXLS 

EDSTRUCTINOTES 
Vmywb. muds,“. Sheared. Thin coal bends up 
to1cm67twJ 
VerysarLxNAcoaly@ base. Fydlecommon aslhi” 
bands and along fmoture ,,la”es @base. 
Non-C&. ccxdy @base 

w 
PlantdebdslhmughouL Noncalc. 
Sheared blaokcoa, muds,” sommo” esp. towards base 
Dull banded ~a,. 
Bright w. 0~0 dull bands. Didiertowrds base 

SD 
SD 
SD 

SD 

SD 

35. R.W. up; s1Me,twm,ds base 
2517.5. Muds,” tovmrds base. Noncalc. 

lnlbd s&&t” 45155: Minorturbalio”. 
Noncab. 6,. cab. 
NA but tig end soms SSD. Calcite veining f9 @ base 
Cody thin bsds up ,o 0.5 om 
ohiynoncak. 
Garb @ base.gad. lo coal Non-o&. Lmns 
Dim banding “ear top. 0-x thin pyrite lensss up to .5cm 
Coalbed methane sample #3 
C,san 
Cody. Fyrhic dksem. Non-cslo pyrite lens @ base 
cbsan 

man 
COalY 
NOM&. sillie,towa,ds base. Dissem. pydte 

Srecekdd calcile vdnlng Ihmughoulvfg ssHs1” (,0/W) Non-z&. 
lnlbd Vrg sdsltsln (10,90). Non-c& 
AIA anlng up at base 
lnlbd sslsllsln (75125). Fining up 
Clean, well-sorted SaPSS. Noncalo. carb lens @ Ripups 
P/A 

Ch” at top 
Coalbed melhans sample #4 
Ohty banding 
Sentonlllo mudst” 
Non-calo. 
Oco. slliy Iens. Non-eslc. 



151.38.41 

16194.51 

1719755 

,7,1OO.S1 

"TERVAL TH, 
0.07 
0.11 
0.57 
168 
cm8 
0.03 
057 
0.70 
0.80 
0.34 
0.3, 
OAO 
2.26 
0.52 
2.35 
0.75 
1.30 
1.87 
3.10 
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PROJECT Telkwa 
DATE sap,. 2192 
HOLE # T92Lw4 
SITE# 101 
CORE rrPE NQ 
GEOLOOIST Angelo 

S/48.78 

6,51 .a3 

SCA CORE STATE =I=== 75 very broke” 
76 Broken 

Brokm 
Broken 

3.05 25.78 29.83 AWS Silly ss, ti9 Medium 9,ey, tibin 
0.79 29.83 SO.62 Aw4 Slfstn Medium grey, tibin 
0.08 SO.52 30.70 1 Coal Black 

B‘Ok*” 0.56 SO.70 31.26 2 cad Black 
srccky 0.20 31.26 31.46 A005 Cad, muds,” narkgrey 
B‘OkO” 1 A0 31.46 32.86 A005 Siliyss Medium 9,ey. tihin 

70 Bmken 
Bmken 
Very broken 
Very Broken 
Bmken 
“qbmken 
Very bmken 
Very broken 

2.98 
0.80 
0.12 
0.16 
0.52 
0.28 
0.02 
0.93 
0.13 
0.21 
0.49 
0.06 
0.41 
0.35 
1.10. 
0.19 
0.32 
0.98 
0.15 
1.33 
0.23 
0.42 
0.15 
0.53 
0.08 
0.04 
0.96 
0.71 
0.63 
0.50 
0.20 
0.02 
0.85 
0.20 
1.21 
1.50 
0.59 

32.85 
35.84 
36.64 
36.76 
35.92 
37.44 
37.72 
37.74 
38.67 
38.8 
39.01 
39.5 
39.55 
39.97 
40.32 
41.42 
41.5, 
41.93 
42.91 
43.06 
44.42 
44.65 
45.07 
45.22 
45.85 
45.93 
45.97 

35.84 
36.64 
36.76 
36.92 
37.44 
37.72 
37.74 
38.57 
38.80 
39.01 
39.50 
39.56 
39.97 
40.32 
41.42 
41.61 
41.95 
42.91 
43.96 
44.42 
4465 
45.07 
45.22 
45.85 
45.93 
45.97 
45.93 
47.64 
48.27 
48.77 
48.97 
48.99 
49.84 
50.04 
51.25 
52.75 
53.s-l 

AK6 Sltsln 
A007 Sllsln 
A007 Mudsln 

3 Coal 
4 Coal 
5 ma, 

A008 Cxby muds,” 
A008 Sllsln 
A008 Coal 
A008 Sltsln 
A009 Sltstn 
A009 Muds,” 

6 Coal 
7 Coal 

A010 Muds,” 
A010 Coal 
A010 Carby Muds,” 
A011 Silty Mudsln 
A011 Coal 
AOlg Siltymudsb~ 

8 Coal 
9 ma, 
10 cm, 
11 COd 
12 CC%4 
12 Muds,” 

:: 
Coal 
cm, 

15 cm, 
16 coal 
17 cm, 

A012 Mudstn 
A012 Mudstn 

$1: Cca’ Muds,” 
A013 Muds,” 
A013 Muds,” 

Medium grey, tihin 
Medium gmy, massive 
Black, massive 
Black 
Black 

;,dp grey, thin 

Medium grey, massive 
Medium gmy, massive 
Slack. massive 
Blaok 
Slack 
Dark grey 
Blaok 
Dark gray. mas?Jw 
h!aSSi”S 
Black 
Dark gmy. nlassi”e 
Black 
Black 
Black 
Slack 
Slack 
l&h, grey 
Skxk 
Black 
Black 
Black 
Black 
Black 
Dark 9,ey, massive 

Dark 9~ 
Dark 9,ey 
Da,k,,,ey 
Dark grey. thin 

75 
Smken 

Broken 
Broken 
Broken 

SIC&y 
Blocky 

72 Bmken 
Broken 
Cmshed 
Slody 
C,“sbed 
very broken 
very broken 
Smken 
Very bmken 
Very broken 
Broke” 
B,“k”” 
Broke” 
Broke” 

78 Bmken 
Broken 

m 55 -77 
-Fir 0 22.86 

0.87 22.86 23.73 
3.05 23.73 26.78 

48.27 
48.77 

50.04 
51.25 
52.75 

CONTRACTOR J. T. Thomas 
LOGGlNG CO. BPB 
CASINO 22,SSrn 
LOGGER Al Bre”on 

A001 Sltsln Medium 9,ey 
AO=OZ~ SS,Vr9 Medium 9,ey. tihin 

T92D.24.XLS 

Weathtired, Mixed with till 
lnlbdd sslskstn (55145). Bands up lo Scm but mainly cl cm. w. sharp conlaots. 
Dissem. xlln pyrite. Non-talc.. Cab. 
PJA 
AIA but SW65 61 bedding contacts Iess sharp. Garb 
Abruptcontactwith upperrock. SI. didycaalwith “cc. bandsofup to 5 cm 
ofmudstn within coal. Fydte 1”“s 
Cleah 

Garb noncalc. Fainlly inlbd to 1 c,n sslallstn = 55145. Pyrite blebs @I Lop 
and Dissem pyrite thm”9ho”t. 
AIA but sslsllstn = 40160. D&em pydle only. Plant debris 

Garb muds,” 
SI. dilly @top 3 cm. 
Diw bands up lo 1 cm. 
Didy @ base 2 cm 

Carblcoal lens lhmughout 
Cab. NA Noncalc. V. carby al base 
Dilc, banding 

Bright and clean 
NJ% 
Tidy, dull and banded 
OEE. dull and didybands 
Dull 
Benlanlllc mudsln 
Clean 
SI. didy bands wit,. 

S,. dirty and dull @top 
Cl%l” 
Garb. muds,” 40% coal 
Plant debris 
lntbd ooa”m”ds,n SS,4S 
Plant and malerial. Noncalc. 
PfA 
,n,bd coa”cs,b muds,” (30170) 



1993/12/06 

rzEzz 
=E7zE- 

U57.93 

WZO.96 
664.02 
6l67.07 

9”O.V 

9rf3.17 

10176.22 
,I”926 

H162.32 

11135.36 
12i63.41 

12!91.46 
13194.61 
14i97.56 
,4/,00.6, 

15 

lW103.66 

Broken 
Broken 
Broken 
Broken 
Broken 
Broken 
Broken 
Brake” 
very brake” 
Crushed 
Broke” 
Blocky 
very broke” 
very broken 
Crushed 
Crushed 
very broken 
“my broken 
Crushed 

69 Broke” 
BIG&y 
Bldy 
SIC&y 

64 

69 
Broke” 

57 Blocky 
BlOOky 

73 Blocs 
Bloclo, 
BlCCkf 

61 Broke” 
Broke” 
Very broke” 
Very broke” 
Very broke” 
Very broke” 
Crushed 
Vev broken 
Very broke” 
Very broken 
Broken 

m 
r 

1:w 
0.16 
0.30 
1.39 
1.37 
0.40 
1.34 
3.05 
3.06 
1.46 
1.52 
2.00 
0.07 
0.62 
0.02 
0.12 
0.,9 
0.33 
0.53 
0.26 
0.95 
0.16 
0.26 
0.26 
0.70 
3.03 
0.27 
0.16 
0.70 
0.32 
0.05 
0.19 
0.07 
0.05 
0.81 
0.47 
0.23 
0.24 
2.40 
3.00 
229 
0.90 
3.05 
3.w 
2.97 
0.57 
0.16 
0.42 
0.09 
0.16 
0.53 
0.66 
0.40 
0.07 
0.17 
0.10 

2OF3 

. 
A014 Dark grey, “mssive 
A014 ma, Black 
A014 Garb. Mudstone Dark 9~7 

Darkgrey. massive 
Medium 9~7. massive 
Black. massive A016 Mudsln 

A015 Bllsln 
A016 Slkl" 
A017 Slkf" 
A013 SkSl" 
A016 Sk," 
A019 Muds,” 
A019 Coal 
A019 Muds,” 
A019 Muds,” 
A019 Muds,” 

18 co*, 
19 Coal 
20 co.4 
21 co*, 
22 Coal 
23 coal 
24 Mudsln 
25 ma, 

A020 BlM” 
A621 Sllsl” 
A022 Sllsln 

26 co*, 
2, ma, 
26 ma, 

Ugbl grey, massive 
Black 
Medium grey. massive 
Medium 9~7, massive 
Medium grey, tihin 
Black 
Black 
BlZk 

29 Coal 
29 Muds,” 
29 co*, 
29 Muds,” 
30 ma, 
31 Coal 
3% Coal 

A023 Muds,” 
A023 Slm 
A024 Sll*ln 
A025 Slkl” 
A025 Billy ss. ,g 
A026 SS,fg 
A027 Bllsln 
A023 Slfsln 
A029 Sits,” 
A029 Muds,” 
A030 Muds,” 
AOJO Coal 

A3p;Jbo Muds’” ma, 
33 co*, 

ii 
Coal 
Carbymudstn 

34 ma, 
35 cm, 

CB,b PJA 
Clean, bright 
lntbd CoaVmudsl” (20130). Beds of coal up to 3 cm. 
Mudsln @top grading to skein @base. Noncalc. 
cab muddy sltsl” w. common plant debris. Non-talc. 
Garb 
Non-talc.. SI. carb. 
AIA 
ALA 
NA, Dbtiertowrds base. 
Pwrly consolidated. Cab al top. Dirlisr aI lop. 
Plan, ma,eria, 

AIA. Noncalc.. carb @base 
Benlonilic band 
CO&f, play 
Dirty 

Clean. Pla,,W.vards base 
Plaly. s,. dk,y 
S,.dirty 
S,. carb. “oar 
Noncalc. Dissem. pyri,e ,hroughout Oct. pyrite blebs tap to 1.5 cm. 
,“,bd s&l,s,” (40150). Fin,“9 u,,. Nonalc. 
NA 
AIA, but sslsltstn = 75125. Garb lens i”cmase towards bass. No”<a,o. 
NA 
NO”.OdO. 
A/A 
lnlbd massive sllstnlss (9-m). Noncalo. 

Coaly 40% coal 
My. 40% mudsl” 
Verycarby 
SI. d,r,7 
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17/106.71 

17,109.76 
,*/1,2.80 

EEEF 
Tir 

0.14 
0.74 
0.05 
1.14 
0.83 
0.13 
0.46 
0.02 
2.51 
3.05 

FROM TO SAMPLE # ROCK TYPE DESCRlPTlON 
,03.*5 103.27 35 Carby nl”dSl” BlXk 
103.27 103.41 35 Coal 
103.41 104.15 35 Coal slack 
1c4.15 104.20 A031 M”dd” Black 
104.2 105.34 A031 Biltymudsln Medium massive grey, 
105.34 106.27 A031 Siltymudsln 
105.27 105.40 A031 Carby muds,” Blaok, massive 
106.4 106.86 37 Coal Black 
106.86 106.88 A032 Muds,” Black 
105.88 109.39 A032 Sltstn Medium tihin grey, 
109.39 112.44 A033 Sltsln Medium tihln grey, 



T92D-26.XLS 

PROJECT TSlkWS HOLE # T92D26 CONTRACTOR J. T. Thomas 
DATE Sept. 2i92 SITE # LOGGING CO. BPS 

CORE TYPE NO CASING 
GEOLOGIST Angelo LOGGER AI sretton 

BOXMARK ( SW, [CORESTATE II INTERVTHI FROM I TO I SAMPLE#IROCKNPE IDESCRlPTlON ISED STRUCT. INOTES 

I I 1 35.06 0 35.06 ICaElnO 
0.37 M”dd” Dark grey, ma**iw 

6,60.98 
5167.02 

7fl0.12 

8179.25 
m91.46 
,3,03.65 
131106.71 

151112.80 
,6/,25.w 

16m4.w 
201146 

21/1.52.80 

0.12 
0.06 
1.94 
0.14 
0.4, 
0.09 

70 

66 

66 

72 
80 

75 
75 

9.77 
2.58 
0.48 
3.05 
1.10 
1.95 
6.70 
0.30 
6.W 
1.33 
1.70 

9.w 

12.00 
3.05 
0.45 
0.70 
1.70 
0.62 
0.34 
2.10 
12.20 
g.40 
8.60 
12.00 

CO?.l Bright black 
Muds,” Dull black 
SkS,” Darkgrey, massive 
Coal Se,,,,-bright, black 
Carby mdsn Dull black, bedded 
coat Dull black, 

Hard, vilreous blocky 
Earthy: hard; noncalo. 
Med. hard. Nan-c&. 
Bedded; dllry, “k,eo”s le”?.es < 2mm, hard 
Med. hard calcite veining, vitreous 
Cody mudsttn base, vilreous lenses clmm 

L 

s,,stn Darkgrey, massive 
Skd” Darkgrey, maSSi”e 
Sand Llghlgrey. lnassi”e 
Silly sand, fg 
Silly sad, ,g Llghl grey. massive 
Silty sand, fg Ught g,ey, bedded 
Sand. ,g Llgh, grey. bedded 
Silty sand, “19 Mass,“.3 
Sand. fg Ught grey, bedded 
Sand. fg Ught grey, massive 
st,stn Darkgrey, massive 
Slk,” Dark grey, massive 

Sandy sltsln,tig Darkgrey, massive 
Sandy sltsln,vfg Dark grey, massive 

SiUysandstn Ughl grey. bedded 
S,,v sendstn,vlg Light grey, bedded 
Bent. mudsln Light G,ty 
Silly sand, Vrg Medium gmy. bedded 
Sand,vfg Medium gmy, bedded 
Bent. mud U9hl grey, massive 
Sand, vfg LIgbl9,ey. bedded 
Sand. vfg Medium grey, bedded 
Sand,vlg Medium gray, bedded 
Sand, fg Light gmy, masssive 
Siltysand,tig Dark grey. bedded 
Sand, fg Lighl grey, bedded 

page, * 
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PROJECT Telkwa 
DATE Sept. 2/92 

CORE TYPE NC! 
GEOLOGIST Angelo 

7 
8 
9 

10 
H 
12 
13 

14 
15 
16 

1; 
IS 
19 
20 
21 
22 
23 
24 
25 

MdS” 
Coal Bright black, mass/w 
Coal Bright black, m*ss/w 
carby mden Earthy brown, bedded 
MdS” Medium 9~7, bedded 
coal Bright black, mssi”e 
Coal Bright black, massive 
cm, Bright, black, massb3 
Carby mdsn D”,, black, ma**i”* 
co*, Bright black, massive 
co*, Srighl black, VTB 
Carby mdsn Earthy bmvm, vrs 
Carby mdsn Medium grey, massive 
CoaVMdsn@OIZO: Dull blaok. VFS 
carby “l&n Medium 9~7. massive 
Mdsn Dark *my, massive 
Carby mdsn ECidhy b,Wiil 
Coal slack 
CoaVmdsn Dull black 
co*, - Sdghl. black 
Carby “Klsn Massive 
ma, Semi-bright black. ma: 
Cd Srighl blaok, massive 
CoaVmdsn Dull blaok. massive 
Coal Brighl black. massive 
Cody “nk.” Dull black, bedded 
Mdsn Dark grey, WB 
Carby mds” Dull black 
Carby mrisn Dark9rey 
carby mdsn Darkgrsy 
MdS” Medium gray 
Mdsn Medium grey 
cm, Brlghl blaok. massive 
Coal Massive 
CO.4 Crushed 
Cd MESSIW 
Cody “Ids.” Cwbed 
co.4 Massive 
Coal Bright black 
ma, Bright black, cwhed 
Coal Srlgh, black, cr”shed 
Coal Srighl, black. TS 
Cody mdsn 
Coal 
Mdsn 
Mdsn 

D”,, black 
Medium blaok,VTS 
Medium grey, WB 
Medlum#p,flB 

T92.Q.30C.xL.S 

ID STRUCT. INOTES 
,n,e,bedded carby lenses < 1 cm, pyrite nodules 

Hard. olean 

DW 
Hard, 0,s.m 
Hard, olean 
Hard, dirty 



S/11,94 

RUN 

9 

10 

11 

12 

13 

BCA - To 
68.89 
69.40 
69.64 
70.07 
70.~4 
70.79 
71.43 

79.97 
77.13 
77.35 
77.90 
78.34 
79.59 
79.99 
79.31 

80.34 
80.43 
81.57 

AMPLE; 
26 

27 
28 

29 
30 

31 

32 
33 
34 
35 
39 
37 

39 oa, 
arbymdsn 
Ids” 

2 

Page 2 





*u?, MAW 
7?zli?- 

9m.17 
6176.22 

92.13 
92.31 
82.40 
82.56 
84.67 
87.72 
90.77 
93.82 
95.87 
99.92 

102.97 



’ . 
TS2D32,XLS 

77 - 

46.39 
46.54 
46.67 
46.98 
47.14 
47.3 
51.28 
51.42 
SW4 
51.68 
52.25 
52.58 

57.13 

58.72 
59.25 
59.26 
59.9 

60.39 
so.43 
SO.78 
SO.88 
61.26 

Page 1 
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0.23 
0.35 
0.92 
1.67 
1.8 
0.04 
0.57 
0.34 
0.04 
0.28 
0.09 
0.01 
0.14 
0.9 
0.26 

8 

3.22 
0.5’1 
0.84 
1.95 
0.71 
0.54 
0.53 
0.28 
4.6 
3.72 

1 bright 

Page 3 



22.501 
22.52 
22.82 

41.83 

46.42 
46.85 
46.91 
47.34 
47.50 
47.65 
47.67 
48.25 
46.54 
49.05 

54.07 
54.33 
54.82 
54.83 
55.44 
55.51 

55.91 
57.54 
57.64 
57.93 
55.38 
58.60 
59.02 

3 



I 

3/l l/94 792~.34x3 



m4.39 

2130.48 

3i36.69 

lX-i.8S 

6/S/.93 

im.98 

9m.12 

PROI&+? 
DATE 
HOLE # 
SlTE s 
CI ORE TYPE 
0 EOLOGlST 

t 

Telkwa 
clc, 4192 
T9ZD96 

A, 
Ez - 

67 
71 

66 

43 
40 

‘Oken 
oken 
‘Ok.3” 

ushed 
ushod 
Ished 
‘OkO” 

FROM 
o.00 

30.49 
30.62 
31.67 
31.70 
31.77 
32.00 
32.70 
33.18 

34.85 
35.07 
36.09 

61.87 
61.91 
61.97 
5222 
53.15 
63.26 
5328 
63.94 
63.96 

54.70 
54.99 

TO 
22.87 

30.62 
31.67 
31.70 
31.77 
32.00 
32.70 
33.18 
33.40 

35.07 
35.09 
36.17 

51.91 
51.97 
s2.22 
53.16 
53.26 
63.28 
53.94 
53.96 
64.70 

64.99 

T92D-SSXLS 

iDSTRUCTJNOTES 
ICasino 
lnlbd &sllsln. Poorly consol 
“elycarb. 
lnlbd ss/sksl” (20,Sg). Poorlycoosol. 
Poorly CO”SOI. 
Pyrke bands up lo W? cm. 

Clesn, dull 
lnlbd coa”,“udst” (60140) 

Cl**“&** 
lnlbd (vfg ss!sllsl”)lcg. ss (IODO) 
l”,bd PIA (7O”O) 
S”ba”g”lars&p 

SSPJA 
l”lbd vfg ssLdls,n (w/O) 
#VA - l-D. 



* PROJECT Telkwa 
DATE cc,. 5192 
HCE # T92D47 
SITE # 
CORE TYPE NC 
GECl.CGlST Angdo 

CCNTRACTCJR J. T. momas 
LOGGING co. BPS 
CASING 13.72 
L.OGGEP. Sh” 
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Dounhole Cuttings Description Program YBP 1.00 Hole Id: T92RO6 

H&X 7921106 

Site: 27 

Project: Telkua 92 

Date Finished: 09/05/92 (Month/Day/Year) 

Page 1 

Torrens Location: 

lsd Sect twp rg 

Surveyed Lo&ion: 

N: 0.0 

E: 0.0 

El: 0.0 

casing: 0.0 

Case Type: 

Downhole Units: Feet 

ccimlents: 

Y  Lithology by: Don 

Drill Contr: McAuLey 

Driller: McAuley 

Geoph. camp: 

Logs: .¶=m sonic 

density ne"tPOn 

caliper electric 

verticality dipneter 

other: 

DEPTH DEPTH 1 DESCRlPTION 1 COMMENTS 

(ft) (m) I I 
________________________________________------------------------------------------------------------------------------------ 

76.0 23.18 1 till 1 Clay uith boulders 

110.0 33.55 1 silt I 
120.0 36.60 - sandy siltstone, dark gray - Water 

140.0 42.70 

250.0 76.25 

260.0 79.30 

313.6 95.47 

335.0 102.18 

340.0 103.70 

352.0 107.36 

391.0 119.26 

392.0 119.56 

430.0 131.15 

460.0 140.30 

500.0 152.50 

rmdstone 
silt, light gray 

silt, dark gray 

sandy siltstone 

sandy siltstone 

silty mudstone 

sandy siltstone 

COAL (clean) 

sandy siltstone,'mediun soft 

sandstone <fine> 

sandstone (fine) 

silt, dark gray, hard 

- Volcanic 

1 Hulti cotowed 

I 



Downhole Cuttings Description Program Ver 1.00 Hole Id: T92RO8 Page 1 

Hole: T92R08 Project: Telkwa 92 

Site: 18 Date Finished: 09/07/92 (Month/Day/Year) 

Torrens Location: 

Lsd sect tup rg Y 

surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

Casing: 0.0 

case Type: 

Oownhole Units: Feet 

ccinllents: 

DEPTH DEPTH [ DESCRIPTION [ COMMENTS 

(ft) (m) [ I 

Lithology by: Don 

Drill Contr: McAuLey 

Driller: HcAuley 

Geoph. camp: 

Logs: Pm sonic 

density "e"tPOn 

caliper electric 

verticality dipneter 

other: 

65.0 19.83 [ till 1 (gravel/clay) mter 8 65' in gravel 

95.0 28.98 1 mudstone I 
98.0 29.89 - silty mudstone - Fractured (Hater) 

122.0 37.21 

135.0 41.18 

137.0 41.79 

147.6 44.84 I 
152.5 46.51 I 
198.0 60.39 _- 
199.0 60.70 

208.0 63.44 

215.0 65.58 

218.0 66.49 

219.5 66.95 

296.0 90.28 

299.0 91.19 

305.5 93.18 

306.0 93.33 

313.0 95.47 

320.0 97.60 

327.5 99.89 

331.0 100.96 

335.0 102.18 

337.0 102.79 

338.5 103.24 

340.0 103.70 

350.0 106.75 

368.0 112.24 

375.0 114.38 

396.0 120.78 

402.0 122.61 

426.0 129.93 

440.0 134.20 

s'ilty mudstone. mediun soft 

nxdstcne 

COAL (clean), hard 

sandy siltstone. 

COAL Wean) 

sandy siltstone 

COAL (clean) 

sandy siltstone, medim soft 

carby 

COAL 

colluvI'~, dark gray 

silty w&tone 

COAL 

siltstone 

carby 

sandy siltstone 

CDAL 

silty r&stone 

COAL 

silty mudstone 

silty mudstone 

COAL (clean), hard 

siltstone, medium soft 

interbedded siltstone & sandstone (med) 

1 (S/SS) 

I 

I 
- (sandstone fine) 

1 Carb & brown shale 

1 Soft Mdstone stringers 

- (silty sandstone) Carb 

1 Carby 

I 
- Coaly shale 

1 Soft shale and coal 

I 

1 Carby and gravel shale 

1 Shaley coal 

- Carby shale and siltstone 

[ Interbedded siltstone and calcite 

I 
- Some calcite 



Oownhole Cuttings Description Program VW 1.00 Hole Id: 192RlO Page 1 

Hole: T92RlO 

Site: 17 

Project: Telkwa 92 

Date Finished: 09/08/92 (Month/Day/Year) 

Torrens Location: 

lsd sect twp w 

surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

Casing: 0.0 

Case Type: 

Oownhole Units: Feet 

w Lithology by: Don 

Drill Contr: HcAuley 

Driller: HcAuley 

Geoph. Conp: 

Logs: g=m sonic 

density neutron 

caliper electric 

verticality dipneter 

other: 

DEPTH DEPTH 1 DESCRIPTION 1 COMHENTS 

(ft) (m) I I 
____________________-------------------------------------------------------------------------------------------------------- 

16.0 4.88 1 till, gray 

30.0 9.15 1 &stone 

40.0 12.20 - siltstone 

72.0 21.96 1 sandstone (medium), greenish gray 80.0 24.40 [ mudstone, soft 
95.0 28.98 - siltstone, dark gray 

lOO.'a 30.50 1 sandy siltstone, hard 

105.0 32.03 1 silty r&stone, hard 
145.0 44.23 - sandy siltstone, dark green, hard 

151.0 46.06 1 mudstone, soft 

160.0 48.80 1 sandy siltstone, dark brown, hard 
186.0 56.73'- silty mudstone 

201.0 61.31 1 nwdstone,.soft 

220.0 67.10 I silty mudstone, greenish gray 

234.0 71.37 - silty wdstone 

241.0 73.51 1 mdstone 

247.0 K.33 I interbedded siltstone & sandstone Cm+%, dark brown 

255.0 77.77 - sandy siltstone, dark gray 

1 (gravelly) rocks 

I 

I 

I 
I 

I 
I 
- Calcite @ 178-180 Wxre soft bards) 

I 
I 

I Some calcite 

270.0 82.35 

295.0 89.97 

307.0 93.63 

320.0 97.60 I 

interbedded siltstone & sandstone (mzd) 

sandy siltstone 

silty m&tone 

sandy siltstone, hard 

I 
1 Fine grained 

I 
_, 



lounhole Cuttings Description Program Ver 1.00 Hole Id: T92Rll Page 1 

Me: T92Rll 

Site: 21 

Project: Telkwa 92 

Date Finished: 09/09/92 (Month/Day/Year) 

loPre"S Location: 

lsd sect tup rg 

Wveyed L&tion: 

N: 0.0 

E: 0.0 

EL: 0.0 

:asing: 0.0 

:a%? Type: 

Wanhole Units: Feet 

:mnts: 

DEPTH DEPTH [ DESCRIPTION 

(ft) lm) I 

u Lithology by: Don 

Drill Ccntr: HcAuley 

Driller: HcAuley 

Geoph. Conp: 

Logs: g=m sonic 

density neutron 

caliper electric 

verticality dipneter 

other: 

[ COMMENTS 

I 

4.0 1.22 1 till 

19.0 5.80 1 siltstone 

23.0 7.02 - till 

74.0 22.57 1 mudstone, soft 

76.0 23.18 1 COAi 
78.0 23.79 - 

90.6 27.45 1 mudstone 

92.5 28.21 [ COAL 

93.8 28.61 - nwdstone 

94.5 28.82 1 COAL 

103.0 31.42 1 , gray dark 

120.0 36.60 - midstone, Light gray 

132;O 40.26 1 mudstone, dark gray 

140.0 42.70 1 sandy siltstone, dark gray, mediun soft 

147.0 44.84 

149.0 45.45 

156.0 47.58 

167.0 50.94 

170.0 51.85 

195.0 59.48 
199.0 60.70 

- tistone 

1 COAL 

,I a soft 

1 sandy siltstone, dark gray, mediuo soft 

1 rmldstone 

206.0 62.83 1 , gray dark 

208.0 63.44 1 COAL 

218.0 66.49 - silty modstone, mediun soft 

246.0 75.03 '1 sandy siltstone, light gray, medium soft 

258.0 78.69 1 silty mudstone, dark gray, medium soft 

260.0 79.30 - COAL 

264.5 80.67 1 

265.5 80.98 1 

270.0 82.35 - 

273.0 83.27 1 

276.0 84.18 1 

302.0 92.11 - 

silty dstone 

silty mudstone, dark gray 

COAL 

silty rmxktone, light gray 

I 
I 
- Pebbles 

1 Fractured @ 35 - 70' 

I 
- Carby shale and coal 

carby - Log through pipe 

Carby shale coal mixed 

Carby shale 

Trip to log open 

Carby shale 

I Carby, log time 2.5 hrs. 

Coal and carby shale 

Some carb shale 

Carby shale coal and bent. 



309.0 94.25 1 sandy siltstone, light way, mediun soft 

322.0 98.21 [ nudsfone, Light gray 

350.0 106.75 - sandy siltstone 

370.0 112.85 1 sandy siltstone, light way 

387.0 118.04 [ silty mudstone 

391.0 119.26 - mudstone, brown 

400.0 122.00 1 silty mudstone, hard 

I 
I 
- Siltstone interbedded 

I 
1 Interbedded - Rhl1tic010rEd 

- Greenish 

I 



DowhoLe Cuttings Description Program VW 1.00 Hole Id: TVZRl3 Page 1 

Hole: TVZRl3 

Site: 16 

Project: Telkwa 92 

Date Finished: 09/11/92 (Month/Day/Year) 

Towens Location: 

Isd sect twp rg 

Surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

casing: 0.0 

Case Type: 

Downhole Units: Feet 

w Lithology by: Don 

Drill &ntr: HcAuley 

Driller: HcAuley 

Geoph. conp: 

Logs: 9*mm sonic 

density ne"tPO" 

caliper electric 

verticality dipneter 

other: 

Cme"ts: 

DEPTH DEPTH 1 DESCRIPTION 1 COMMENTS 

(ft) Cm) I I 
________________________________________------------------------------------------------------------------------------------ 

16.0 4.88 I till I 
17.5 5.34 1 nudstone, soft I 

22.5 6.86 - COAL Wean) 

26.0 7.93 1 mudstone, soft I 
26.5 8.08 1 COAL 
36.0 10.98 - mudstone, soft I 

41.6 12.51 1 COAL (clean) I 
42.0 12.81 1 COAL 1 Bentonite' 

51.0 15.56 - silty n&stone, gray 

57.0 17.39 1 sandy siltstone I 
61.5 18.76 1 silty Redstone I 
64.0 19.52 - COAL - Some carby shale 

71.0 21.66 1 silty mudstone I 
77.5 23.64 1 COAL 1 Some carb 

95.0 28.98 - w&tone, light gray - Interbedded s/s* fine 

135.0 41.18 I sandy siltstone 1 some mdstone 

140.0 42.70 I interbedded siltstone & sandstone (med), brown 1 Trace of coal @ 138.5 

154.0 46.97 - silt 

160.0 48.80 1 sandy siltstone I With calcite 

170.0 51.85 1 sandy siltstone, dark gray, medium soft I 
180.0 54.90 - silty &stone - Interbedded s/ss and calcite 

220.0 67.10 I silty mudstone I 
250.0 76.25 I silty mudstone, dark gray, medium soft 1 Carby 



Dounhole Cuttings Description Program VW 1.00 Hole Id: T92R14 Page 1 

WJle: T92R14 

Site: 8 

Project: Telkwa 92 

Date Finished: 09/11/92 Wonth/Day/Year) 

Torrens Location: 

Isd sect tYP rg 

Surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

Casing: 0.0 

Case Type: 

Downhole Units: Feet 

u Lithology by: Don 

Drill Contr: McAuley 

Driller: McAuley 

Geaph. Ccf@?: 

Logs: sam sonic 

density neutron 

caliper electric 

verticality dipneter 

other: 

DEPTH DEPTH 1 DESCRIPTION 

(ft) (m) I 

1 COMHENTS 

I 

10.0 3.05 1 till 

22.0 6.71 1 mudstone, soft 

24.0 7.32 - COAL 

36.0 10.98 1 silty mudstone, Light gray 

42.0 12.81 1 COAL 

44.0 13.42 - silty mudstone, light gray, soft 

51.6 15.56 1 COAL 

58.0 17.69 1 silty mudstone 

59.0 18.00 - COAL, Light gray 

60.0 18.30 1 silty mdstone, soft 

85.0 25.93 1 silty rudstone, light gray, soft 

94.5 28.82 - COAL 

147.0 44.84 1 sandstone (mediun), light gray 

185.0 56.43 1 sandy siltstone 

240.0 73.20 - silty mudstone 

1 Carby shale and bentonite stringers 

1 Carby 
- 

1T race coal @ 79' 

- Some carby shale 

I 
1 Interbedded siltstone 

- Interbbed sslf (brownish/green) 



Downhole Cuttings Description Program Yer 1.00 

Hole: T92R15 Project: Telkua 92 

Site: 15 Date Finished: 09/11/92 (Month/Day/Year) 

Torrens Location: 

Lsd sect twp rS 

surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

Casing: 0.0 

Case Type: 

Dounhole Units: Feet 

Y  Lithology by: Don 

Drill Contr: McAuley 

Driller: Mac Bette 

Geoph. camp: 

Logs: gam sonic 
density ne"tPOn 

caliper electric 

verticality dip& 

other: 

Hole Id: T92RlS 

DEPTH DEPTH 1 DESCRIPTION 1 COMMENTS 

(ft) Cm) [ I 

Page 1 

37.0 11.29 

55.0 Ii.78 

74.0 22.57 

97.0 29.59 

125.0 38.13 

129.0 39.35 

142.b 43.31 

158.0 48.19 

200.0 61.00 

205.0 62.53 

280.0 85.40 

till, dark brown 

mudstone, Light gray, Soft 

sandy siltstone, light gray, soft 

sandy siltstone, light gray, hard 

sandy siltstone, hard 

Silty r&stone, dark way 

sandy siltstone, light gray, rcediun soft 

silty mudstone, dark gray, mediun soft 

sandy siltstone, mediun soft 

mudstone, mediun soft 

silty mudstone, light gray 

1 Boulders and gravel 

I 

I 
1 Interbedded Mdstone 

I 
I Interbedded siltstone 

I 
1 Interbedded broWgreen 



Dounhole Cuttings Description Program VW 1.00 Hole Id: T92R16 Page 1 

Hole: T92R16 

Site: 14 

Project: Telkua 92 

Date Finished: 09/18/92 U+anth/Day/Year) 

Torrens Location: 

Isd sect twp rg 

Surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

Casing: 0.0 

Case Type: 

Downhole Units: Feet 

C-XllE"tS.: 

DEPTH DEPTH 1 DESCRIPTION 

(ft) Cm) I 

w Lithology by: Don 

Drill Contr: HcAuley 

Driller: McAuley 

Geoph. Ccqx 

Logs: Q*m sonic 

density neutron 

caliper electric 

verticality dipneter 

1 COMMENTS 

I 

13.0 ,3.97 1 till 

35.0 10.68 1 midstone 

41.0 12.51 - sandy siltstone, light gray, mediun soft 

50.0 15.25 I mudstone, light gray 

103.0 31.42 I sandy siltstone, light gray 

110.0 33.55 - 

126.b 38.43 1 m&tone, gray dark 

128.5 39.19 1 COAL 

130.0 39.65 - 

130.5 39.80 1 COAL 

132.5 40.41 1 mudstone, dark gray, soft 

135.5 41.33 - COAL 

140.0 42.70 I &stone, dark gray 

144.0 43.92 [ 

150.5 45.90 - COAL 

152.5 46.51 1 m&tone, dark gray' 

155.0 47.28 I wdstone 

158.0 48.19 - silty w&tone 

205.0 62.53 1 mudstone, soft 

280.0 85.40 1 silty mudstone, light gray 

1 Boulders - cased to 18' 

I 

I sandy siltstone 

1 Interbedded s/rid - Very hard 8 85' 

- Carby shale with coal traces 

I 
I 
- Carby shale and coal 

I 

I 

1 Coal and carby shale 

1 some coal 
I 
- s,ss 
1 Some coal and carb shale traces 

1 slss interbedded 



Downhole Cuttings Description Program Ver 1.00 Hole Id: 192R17 Page 1 

Hole: T9ZR17 Project: TELKUA 92 

Site: il Date Finished: 09/19/92 (Month/Day/Year) 

TOPPenS Location: 

lsd sect trip rg 

Surveyed Location: 

N: 0.0 

8: 0.0 

EL: 0.0 

Casing: 0.0 

case Type: 

Dounhole Units:. Feet 

!d Lithology by: Dan 

Drill Contr: HcAuley Drilling 

Driller: MacBeth 

Gqh cq: 

Logs: ganl!a sonic 

density neutron 

caliper electric 

verticality dipneter 

DEPTH DEPTH 1 DESCRIPTION 1 CCUMENTS 

(ft) Cm) I I 
________________________________________---------------------------------------~-------------------------------------------- 

7.0 2.14 1 till 

28.0 8.54 1 mudstone, light gray 

32.5 9.91 - silt, hard gray, 

181.0 55.21 1 mudstone, light gray, mediun soft 

187.0 57.04 I sxdstone (fine), dark green, mediun soft 

190.0 57.95 - mudstone, light medium soft gray, 

194.b 59.17 I mudstone, greenish gray, mediun soft 

197.0 60.09 1 silt, greenish gray, hard 

202.0 61.61 - &stone, dark brown, mediun soft 

204.0 62.22 1 COAL (clean), black, hard 

225.0 68.63 1 n&stone, medim soft gray, 

236.0 71.98 - m&tone, dark gray, mediun soft 

255.0 77.77 I silt, gray, hard 

277.0 84.49 1 midstone, gray, wdiun soft 
281.0 85.71 - modstone, dark gray, mediun soft 

295.0 89.97 1 m&tone, dark gray, mediun soft 
299.0 91.19 1 COAL (clean), black, hard 

304.0 92.72 - mudstone, light gray 

309.0 94.25 1 COAL (dirty), black, hard 

310.5 94.70 1 mudstone, gray 

311.5 95.01 - COAL (dirty), black 

331.0 100.96 1 mudstone, gray 

334.5 102.02 1 silt, gray 

336.5 102.63 - COAL (clean), black 

344.0 104.92 I silt, gray 

347.5 105.99 I COAL (clean), black 
353.0 107.67 - m&tone, brown 

359.0 109.50 1 mudstone, gray 

360.0 109.80 1 COAL (clean), black 

364.5 111.17 - mudstone, way 

367.0 111.94 I mudstone, black 

371.0 113.16 1 mudstone, gray 

384.0 117.12 - silt, gray 

I 

I 

I Interbedded s 

I Pyrite hilites 

I Inter&&d grey ndsd brown sit pyrite 

I Sry ss intbd browns sltstn carb trcs 

- Dark brown to black r&n, carby 

I 
I 

I Interbedded pyrite hilites 

I 
- Carby 

I 
1 297.5 4" parting 

I 
I 

I 
I 

I 
I 
- With bentonite bands 

I'Celcite bands 

I 

1 Carb coal tracks 

I 



385.0 117.43 1 modstone, broun 

396.5 120.93 1 COAL (clean), black, hard 

419.0 127.80 - mudstone, way 



Downhole Cuttings Description Program Ver 1.00 Hole Id: T92R-la Page 1 

Hole: T92R-la Project: TELWA 92 

Site: 13 Date Finished: 09/20/92 (Month/Day/Year) 

Torrens Location: 

Isd Sect twp rg 

surveyed Location: 

N: 0.0 

E: 0.0 

'EL: 0.0 

Casing: 0.0 

case Type: 

Downhole Units: Feet 

cments: 

!A Lithology by: Dan 

Drill COntP: HcAuley Drilling 

Driller: l&Beth 

Geoph. cmQ: 

Logs: Qa- sonic 

density ne"t rcn 

caliper electric 

verticality dipneter 

other: 

DEPTH DEPTH 1 DESCRIPTION 1 CCW4ENTS 

(ft> (m) [ I 
________________________________________-------------------------------~----------------------------~----------------------- 

14.0 4.27 1 till I 
16.0 4.88 1 1 Coal and carb shale 

18.0 5.49 - wdstone, light gray 

18.3 5.58 

45.5 13.88 

46.3 14.12 

56.; 17.08 

160.0 48.80 

n&stone, light gray, mediun soft 

COAL 

mudstone, light grsy, mediun soft 

silty midstone, mediun soft T.D. 



Dounhole Cuttings Description Program VW 1.00 

Hole: T92Rl9 Project: TELWA 92 

site: 12 Date Finished: 09/20192 Wanth/Day/Year) 

Hole Id: T92Rl9 Page 1 

Torrens Location: 

Lsd sect twp rg 

Surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

Casing: 0.0 

Case Type: 

Oounhole Units: Feet 

comwnts: 

Y  Lithology by: Da" 

Drill Contr: McAuley Drilling 

Driller: HecBeth 

Geoph. Corrp: 

Logs: 9am sonic 

density neutron 

caliper electric 

verticality dipneter 

other: 

DEPTH DEPTH 1 DESCRIPTION 1 COMMENTS 

(ft) (m) I I 
________________________________________-------~---------------------------------------------------------------------------- 

14.0 4.27 1 till 1 Rocks 

43.5 13.27 1 silty modstone I. 

44.5 13.57 - - Coal and carby shale 

63.5 19.37 1 silty mudstone, Light gray, mediun soft I 
68.0 20.74 1 COAL I 
72.2 22.11 - silty wdstone, Light gray 

75.0 22.88 1 COAL I 
80.0 24.40 I silty mudstone, light gray I 
83.0 25.32 - mdstone - Carby 

97.5 29.74 1 r&stone, light gray, medi,un soft 

99.5 30.35 1 COAL 

100.5 30.65 - nudstone 

112.0 34.'16 1 COAL, mediun soft 

118.0 35.99 1 silty m&tone, dark gray 

123.5 37.67 - COAL 

124.0 37.82 1 COAL 

135.0 41.18 1 silty m&tone, dark gray 

138.0 42.09 - COAL 

139.0 42.40 I silty mudstone, light gray 

141.0 43.01 1 

143.5 43.77 - COAL 

16D.O 48.80 

166.0 50.63 

166.5 50.78 

173.0 52.77 

179.5 54.75 

183.0 55.82 

195.0 59.48 

220.0 67.10 

mudstone 

silty nwdstone 

COAL 

silty mudstone, dark gray 

COAL 

silty uudstone 

sandy siltstone, light gray 

sandy siltstone, brown 

1 20 - 25 CPM in coal seati 

I 
- Sane shale stringers 

I Bentonite 

I 

I 
1 Carb shale 

I Mudstone and siltstone 

I 

1 (fine) 

1 Brou" and green 



Dowhole cuttings Description Program Ver l.OD Hole Id: T92R21 Page 1 

lble: T92RZl 

Site: 20 

Project: TELKWA 92 

Date Finished: 09/21/92 CMonth/Day/Year) 

Yorrens Location: 

lsd sect tup rg 

Surveyed Location: 

'II: 0.0 

E: 0.0 

EL: 0.0 

Casing: 0.0 

Case Type: 

Downhole Units:' Feet 

cments: 

w Lithology by: Dan 

Drill Cont~: HcAuley Drilling 

Driller: Hacgeth 

Geoph. Camp: 

Logs: g=m sonic 

density neutron 

caliper electric 

verticality dipneter 

other: 

DEPTH DEPTH 1 DESCRIPTION 1 COHMENTS 

(ft> <m) I I 
. ..--.--.-.-----....--------------------~---------------------------------------~------------------------------------------- 

9.0 2.75 1 till 

50.0 15.25 I nudstqne, light gray 

140.0 42.70 - sandy siltstone, Light gray 

193.0 58.87 1 silty m&tone, dark brown, mediun soft 

202.0 61.61 1 lxdsto"e 

206.> 62.83 - nwdstone 

208.5 63.59 1 COAL 

216.0 65.88 1 modstone, dark gray 

217.5 65.34 - silty mudstone 

1 Rocks 

I 
- Mudstone interbedded 

Interbedded soft K&n 

Green and grey siltstone, fractured 

Carby 

Coal and carb shale 

219.0 66.80 
220.0 67.10 

223.0 68.02 

233.0 71.07 

234.0 71.37 

250.0 76.25 

260.0 79.30 

297.0 90.58 

298.0 90.89 

300.5 91.65 

303.0 92.41 

306.5 93.48 

mudstone, gray 

COAL 

siity mudstone, light gray, soft 

COAL 

silty r&stone, light gray, mediun soft 

silt, light gray 

mudstone, dark gray, medium soft 

COAL 

CDAL 

rwdstone, dark gray 

CDAL 

310.0 94.55 1 

319.0 97.30 I silty mudstone, dark gray 

329.0 100.35 - silty mudstone, dark gray 

330.0 100.65 1 

340.0 103.70 1 COAL 

348.0 106.14 - &stone, dark gray, medium soft 

353.0 107.67 1 COAL 

362.0 110.41 1 silty mudstone, light gray 

364.0 111.02 - COAL 

366.0 111.63 I mudstone, dark gray, mediun soft 

369.5 112.70 1 COAL 

390.0 118.95 - mudstone, light gray 

; Carb shale 

- Carby shale 

I 

I 

1 Carby shale and some coal 

I 

1 Carby shale and coal 

I 

I 
I 
- Some carb shale 

1 Carby 

I 



398.0 121.39 1 sandy siltstone. dark way, hard 

401.0 122.31 1 lwdstcne 

405.0 123.53 - COAL 

410.0 125.05 1 wdstone, Light gray 

425.0 129.63 1 sandy siltstone, hard 

440.0 134.20 - sandy siltstone, greenish gray, hard 

[ Very hard 

1 Carby shale and some coal 

1 Very hard 



Dounhole Cuttings Description Program Ver 1.00 Hole Id: T92R23 

Hole: 79M.3 

Site: 25 

Project: TELKUA 92 

Date Finished: 09/24/92 CMonthlDaylYear) 

Torrens Location: 

Isd sect twp w 

Surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

casing: 0.0 

case Type: 

Downhole Units: Feet 

cments: 

u Lithology by: Dan 

Drill Contr: HcAuley Drilling 

Driller: MacBeth 

Geoph. Ccrrp: 

Logs: g=m sonic 

density neutron 

caliper electric 

verticality dipneter 

other: 

DEPTH DEPTH 1 DESCRIPTIDN 

(ft) 'Cm) 1 
________________________________________---------------------------------. 

10.0 3.05 1 till 

87.0 26.54 1 silty mudstone, light gray 

120.0 36.60 - sandy siltstone, dark mediun soft gray, 

130.0 39.65 1 sandy siltstone 

210.0 64.05 [ silty mudstone, dark gray, mediun soft 

216.0 65.88 - n&stone, light soft gray, 

232.5 70.76 [ silty mudstone, medium soft 

239.0 72.90 1 

360.0 109.80 - silty mudstone, light gray 

450.0 137.25 I silty mudstone 

460.0 140.30 I silty mudstone, greenish gray, hard 

465.0 141.83 * COAL 

480.0 146.40 I sandy siltstone, dark gray, hard 

497.0 151.59 [ sandy siltstone, greenish gray, herd 

512.5 156.31 - silty mudstone, da?k mediun soft gray, 

518.0 157.99 1 COAL 

540.0 164.70 [ nwdstone, dark gray 

Page 1 

1 COMMENTS 

I .___--_-_-___---____------------------------------- 
I 
I 

I s/s* & sf 

I 
1 Carby shale and trace of coal 

1 Interbedded sane br - predawn. green 

I 
- Lost air tire in coal 

I 
1 Carb shale - trace of coal @ 531 



Downhole Cuttings Description Program VW 1.00 Hole Id: T92R25 Page 1 

llde: 192R25 Project: TELKUA 92 

Site: 104 Oate Finished: 09124192 WonthlDay/Year) 

rorrens Location: 

Lsd sect tup rg 

surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

casing: 0.0 
Case Type: 

Downhole Units: Feet 

w Lithology by: Dan 

Drill Contr: HcAuley Drilling 

Driller: HacBeth 

Gqh ccmp: 

Logs: g=m sonic 

density neutron 

caliper electric 

verticality dipneter 

other: 

ccmlents: 

DEPTH DEPTH 1 DESCRIPTION 1 COMMENTS 

(ft) 00 I I 
________________________________________------------------------------------------------------------------------ --_____-__-- 

10.0 3.05 1 till I 
82.5 25.16 [ mudstone, light gray, soft I 
87.5 26.69 - COAL - 11 of coal 

96.5 29.43 1 mudstone I 
101.5 30.96 1 COAL, light gray I Parting @ 96'; 6' of coal 

108.0 32.94 - w&tone, mediun soft 

111.6 33.86 1 COAL I 3' 

112.0 34.16 1 mudstone I 
122.8 37.45 - COAL - 10.8 

129.0 39.35 I wdstone, light gray, mediun soft I 
134.5 41.02 I 
143.0 43.62 

146.0 44.53 

140.5 45.29 

151.0 46.06 

161.0 49.11 

162.0 49.41 

166.0 50.63 

168.5 51.39 

200.0 61.00 

226.0 68.93 

250.0 76.25 

260.0 79.30 

COAL 

mudstone, light gray, mediun soft 

COAL 

mudstone, light gray, medium soft 

COAL 

mudstone, light gray, medium soft 

&stone, light gray 

COAL 

m&tone, light gray 

silty mudstone, light gray, medium soft 

sandy siltstone, light gray, mediun soft 

sandstone Wxrse), greenish gray, hard 

1 5.5' 

1 5.0' 

I 
- 2.5' 

I 
1 Carb shale coal 

- Trace of coat @ 164 

I 

I 



Downhole Cuttings Description Program Ver 1.00 Hole Id: T92R27 Page 1 

Hole: T92R27 

site: 1 

Project: TELKVA 92 

Date Finished: 09125192 (Month/Day/Year) 

Tomas Location: 

Lsd sect tup rg 

Surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

Casing: 0.0 

case Type 

Downhole Units: Feet 

w Lithology by: Dan 

Orill Contr: McAuley Drilling 

Driller: Mackth 

Geoph. Camp: 

, Logs: Qa- sonic 

density "WtrO" 

caliper electric 

verticality dipneter 

other: 

DEPTH DEPTH 1 DESCRIPTION [ COMMENTS 

(ft) (m) I I 
________-_-_--______-------------------------------~------------------------------------------------------------------------ 

32.0 9.76 1 till 1 Gravel 

39.5 12.05 1 COAL 1 Some carb shale 1.5' of coal 

42.0 12.81 - m&tone - Carby 

43.4 13.24 1 COAL 1 1.4' of coal 

56.5 17.23 1 mudstone I 
59.5 18.15 - COAL - 3' of coal 

63.6 19.22 I mudstone, gray light 

66.5 20.28 1 COAL ) 3.5' of coal 

92.0 28.06 - m&tone, light gray, mediun soft 

94.0 28.67 1 COAL 1 2.5' of coal and carby shale 

102.5 31.26 I mudstone, light gray I 
112.5 34.31 - COAL - IO' of coal 

116.0 35.38 I silty r&stone I 
129.0 39.35 I sandy siltstone, light gray I 
160.0 48.80 - sandy siltstone, brown - Greenish 



Dounhole Cuttings Description Program VW 1.00 Hole Id: T92R28 Page 1 

Hole: T92R28 

Site: 2 

Project: TELKUA 92 

Date Finished: 09/27/92 Wonth!Day/Year) 

Torrens location: 

lsd sect twp rg 

Surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

casing: 0.0 

case Type: 

Oownhole Units: Feet 

!a Lithology by: Dan 

Drill Contr: McAuley Orillins 

Driller: MacSeth 

Geoph. camp: 

Logs: gam sonic 

density "e"tPOn 

caliper electric 

verticality dipneter 

other: 

cmnts: 

DEPTH DEPTH 1 DESCRIPTION 1 COMMENTS 

(ft) Cm) I I 

28.5 8.69 1 1 Overburden 

47.0 14.34 1 I 
56.0 17.08 - sandstone Onedim), hard - Gravel 

121.0 36.91 I nudstone, mediun soft 1 Gravel 

160.0 48.80 [ sandy siltstone, hard I 

200.0 61.00 - sandy siltstone, light gray, hard 
. 



Dounhole Cuttings Description Program Ver 1.00 

Hole: 1921329 Project: TELWA 92 

Site: 4 Date Finished: 09l28192 (Month/Day/Year) 

Torrens Location: 

Lsd Sect twp rg Y 

surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

Casing: 0.0 

case Type: 

Daunhole Units: Feet 

ccmnents: 

DEPTH DEPTH 1 DESCRlPTION 

(ft) (m) I 

Lithology by: Dan 

Drill Contr: HcAuley Drilling 

Driller: Macbeth 

Geoph. ccqx 

Logs: 9am sonic 

density neutron 

caliper electric 

verticality dipneter 

other: 

Hole Id: 192R29 

1 COMMENTS 

I 

Page 1 

40.0 12.20 1 till 

55.0 16.76 I silty mdstone, light brown 

58.0 17.69 - COAL, light gray 

58.5 17.84 1 dstone 

59.0 18.00 1 COAL 
60.5 18.45 - 

62.b 18.91 1 COAL, Light gray 

96.5 29.43 1 silty r&stone, medium soft 
99.5 30.35 - COAL 

144.0 43.92 I silty mudstone, light gray, medium soft 

160.0 48.80 I silty mudstone, light gray, hard 

I 

I 

I 
I 

I 

I 
- Carby 

I 
I 



Oounhole Cuttings Description Program Ver 1.00 Hole Id: 192R30 Page 1 

IIDle: T92R30 Project: TELKUA 92 

Site: Date Finished: 09128192 Wonth/Day/Year) 

Towens Location: 

lsd sect tup rg 

Surveyed Location: 

N: 0.0 

8: 0.0 

EL: 0.0 

Casing: 0.0 

Case Type: 

Downhole Units: Feet 

Y  Lithology by: Dan 

Drill Contr: HcAuley Drilling 

Driller: MacBeth 

Geop!l. conp: 

Logs: g=m sonic 

density neutron 

caliper electric 

verticality dipneter 

other: 

DEPTH DEPTH 1 DESCRIPTION 

(ftl Cm) I 
________________________________________---------------------------- 

22.0 6.71 1 till, gray 

40.0 12.20 1 silty mudstone, light gray, media? soft 

47.0 14.34 - sandy siltstone, gray, hard 

50.0 15.25 1 siltyrwdstcne, greenish gray 

55.0 16.78 1 sandy siltstone 

56.0 17.08 - COAL 

60.b 18.30 1 silty light mudstone, gray 

96.0 29.28 1 sandy siltstone, hard 

103.0 31.42 - silty nudstone 

107.5 32.79 1 COAL 

139.0 42.40 I sandy siltstone, light gray 

160.0 48.80 - ssrdy siltstone, gray 

162.0 49.43 1 COAL 

187.0 57.04 I silty mudstone, light gray 

190.5 58.10 - COAL 

203.0 61.92 1 silty mudstone 

215.5 65.73 1 COAL, hard 

217.5 66.34 - n&stone 

225.0 68.63 1 COAL 

227.5 69.39 I silty &stone, light gray 

230.5 70.30 - COAL 

236.0 71.98 1 silty mudstone 

240.0 73.20 1 silty m&stone 

249.0 75.94 - COAL 

250.0 76.25 I mudstone, light gray. 

260.0 79.30 1 COAL, hard 

400.0 122.00 - 

1 COMMENTS 

I 

I 
1 Greenishlgrey 

- Carby shale and coal traces 

1 3.5' coal 

I 

1'2.0' coal 

I 
- 3.5' coal 

1 2.5' coal 

- siLtstone/nudstone 

1 5.5' coal 

I 
- 3.0' coal 

1 Carby shale and coal traces 

I 
- 1.0’ coal 

I 
I 
- Interbedded brown/green sacdstonelsltstn 



Dawnhole Cuttings Description program Ver 1.00 Hole Id: T92R33 Page 1 

Hole: T92R33 

site: 107 

Project: TELKUA 92 

Date Finished: OPl30192 (Month/Day/Year) 

Torrens Location: 

Isd sect tup rg 

Surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

Casing: 0.0 

case Type 

Downhole Units: Feet 

ccmwnts: 

Y  Lithology by: Dan 

Drill contr: bkAu1ey Drilling 

Driller: Hacgeth 

Geoph. conp: 

Logs: wm sonic 

density neutrm 

caliper electric 

.verticality dipneter 

other: 

DEPTH DEPTH 1 DESCRIPTION 

(ft) <m) I 

1 COMMENTS 

I 

31.5 9.61 [ till 

33.5 10.22 1 COAL ' coal 

37.5 11.44 - silty mudstone 

39.5 12.05 1 COAL 1 2' coal 

54.0 16.47 1 m&stone I 
58.0 17.69 - wdstone - Hudstone with coal throughout 

68.0 20.74 1 COAL, hard 1 10' coal 

140.0 42.70 1 silty &stone, light gray I 
320.0 97.60 - sandy siltstone, brown - Some fractured fine grained to mediun 



Dounhcle Cuttings Description Program Ver 1.00 Hole Id: T92R35 

Hole: 192835 

Site: 110 

Project: TELKUA 92 

Date Finished: 10/01/92 (Month/Day/Year) 

Torrens Location: 

Lsd Sect tup rg u 

Surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

Casing: 0.0 

case Type: 

Downhole Units: Feet 

cmnts: 

DEPTH DEPTH [ DESCRIPTION 

(ft) Cm) [ 

1 COMMENTS 

I 
____________________-------------------------------------------------------------------------------------------------------- 

37.0 11.29 1 till, gray I 

195.0 59.48 1 silty m&tone, mediun soft I 

Lithology by: Dan 

Drill Contr: McAuley Drilling 

Driller: HacBeth 

Geoph. Corrp: 

Logs: g=m sonic 

density neutron 

caliper electric 

verticality dipneter 

other: 

Page 1 

255.0 77.77 

287.0 87.54 

288.0 87.84 

316.0 96.38 

3w.b 97.30 

325.5 99.2& 

327.5 99.89 

328.0 100.04 

337.0 102.79 

340.0 103.70 

367.0 111.94 

368.0 112.24 

370.0 112.85 

374.0 114.07 

376.0 114.68 

379.0 115.60 

380.0 115.90 

392.0 119.56 

sandy siltstone, Light gray, hard 

silty modstone, light gray, mediun soft 

COAL 

silty w&tone, soft 

COAL 

silty rrudstone, Light gray 

COAL 

mudstone 

COAL 

silty mudstone, light gray, mediun soft 

silty mudstone, light gray, mediun soft 

COAL 

silty &tone, light gray 

CDAL 

silty mudstone, light gray 

rmdstone 

COAL 

silty nvdstone,'dark gray, medium soft 

414.0 126.27 - w&stone, Light gray, medim soft 

423.0 129.02 I , brown I Carby/shale/bent/coal ti-aces throughout 

424.0 129.32 1 COAL I 
426.0 129.93 - rmdstone - Coal and carby shale traces 

430.0 131.15 I mudstone, light gray I 
500.0 152.50 1 silt, brown, hard 1 Mediun grained 

I 
I 

1 carby shale 

I 

I 
I 

I 
I 

I 

I 
- Carby trace of coak, 

I 
I 



Dowhole Cuttings Description Program VW 1.00 Hole Id: T92R39 Page 1 

ll0k: T92R39 

site: 114 

Project: TELKWA 92 

Date Finished: 10/01/92 (Month/Day/Year) 

Torrens Location: 

lsd sect tup rg 

Surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

Casing: 0.0 

Case Type: 

Downhole Units: Feet 

cannents: 

Y  Lithology by: Dan 

Drill Contr: WcAuley Drilling 

Driller: HacSeth 

Geoph. camp: 

Logs: B*m sonic 

density neutron 

caliper electric 

verticality dipneter 

other: 

DEPTH DEPTH 1 DESCRIPTION 1 CDMMENTS 

(ft) (m) I I 

7.5 2.29 I till 

14.0 4.27 1 COAL, Soft 

21.0 6.41 - siltstone 

36.0 10.98 1 COAL, mediun Soft 

52.0 15.86 I siltstone, mediun soft 

66.0 20.13 - mudstone 

69.6 21.05 1 siltstone, green, hard 

71.0 21.66 1 COAL 

73.0 22.27 - siltstone 

88.0 26.84 1 sandstone Mdiun), light brown 

89.0 27.15 1 COAL 

115.0 35.08 - siltstone, light brown, hard 

205.0 62.53 I siltstone, brown 

1 Sm shale @ 34.5 - 36 

I 
- Carby, coal chips 60 - 63 

I 
1 Carby shale 

I 
1 Carby shale 

1 lnterbedded br/gr sandstone and siltstone 



Dounhole Cuttings Description Program Ver 1.00 Hole Id: T92R40 Page 1 

Hole: T92R40 

Site: 

Project: TELWA 92 

Date Finished: 10/01/92 ~Honth/Oey/Year) 

Torrens Locati&: 

Lsd sect twp w 

Surveyed Location: 

N: 0.0 

8: 0.0 

EL: 0.0 

casing: 0.0 

Case Type: 

Downhole Units: Feet 

Ccnnle"ts: 

DEPTH DEPTH 

108.0 32.94 

I 
(ff) 

1 

cm) 

111.0 

I 
_ _ _ _ _ _ _ _ _ _ _ _ _ 

33.86 

._. 

1 

42.0 12.81 I 

130.0 

74.0 22.57 

39.65 

I 
76.5 23.33 

- 

80.0 24.40 

82.0 25.01 

136.0 

89.0 27.15 

96.3 29.28 

41.48 

96.4 29.40 

1 

100.5 30.65 

102.0 31.11 

106.0 32.33 

150.0 

107.0 32.64 

45.75 1 

156.0 47.58 - 

Y  Lithology by: Dan 

Drill Contr: McAuley Drilling 

Driller: Mackth 

Geoph. Coy: 

Logs: mm sonic 

density neutron 

caliper &ctric 

verticality dipter 

other: 

DESCRIPTION 1 COMMENTS 

I 

till 

sandstone hdiun) 

nYJdsto"e, green 

COAL 

, brown 

COAL 

COAL 

midstone, gray 

COAL 

m&tone, brown 

mxlstone, gray 

sandstone (fine), brown 

mudstone, da&gray 

sandstoni (medim), brow 

mudstone, dark gray 

158.0 48.19 1 COAL 

160.0 48.80 1 wdstone, Green 

161.5 49.26 - COAL 

164.0 50.02 1 

169.0 51.55 1 siltstone 

179.0 54.60 - mudstone, dark gray 

200.0 61.00 I sandstone (fine) 

220.0 67.10 1 sandstone (medium), hard 

Bentic shale coal stringers 

Bentic shale 

Bentic shale coal stringers 

Shale 

Carby shaly 

Carby 

Whitish 

brounluhite 

1 Carby 

1 Carby bent 

I Bentic shale coal tr 

I Bentic 

- Bentic 

I with mudstone 

I 



Downhole Cuttings Description Program Ver 1.00 Hole Id: T92R43 Page 1 

Hole: T92R43 Project: TELKW 92 

Site: 96 Date Finished: 10/06/92 (M&h/Day/Year) 

Torrens Location: 

Isd sect twp TR 

Surveyed Location: 

N: 0.0 

E: 0.0 

EL: 0.0 

casing: 0.0 

case Type: 

Dowhole Units: Feet 

Y  Lithology by: Dan 

Drill Cantr: HcAuL+'OrilLing 

Driller: HacBeth 

Geoph. Cmq: 

Logs: Qam sonic 

density "MtPOll 

caliper electric 

verticality dip&w 

other: 

ccinllents: 

DEPTH DEPTH 1. DESCRIPTION 

(ft) (ml I 

1 COMMENTS 

I 

6.0 1.83 1 till I 
22.0 6.71 1 gravel I 
88.0 26.84 

90.0 27.45 

96.5 30.04 

100.0 30.50 

139.5 42.55 

159.6 48.68 

167.0 SO.94 

208.0 63.44 

214.0 65.27 

226.5 69.08 

230.0 70.15 

262.0 79.91 

280.0 85.40 

170.5 52.00 1 1 Carby shale coal traces bent 

180.0 54.90 I mudstone, gray I 
185.0 56.43 - sandstone Wediun) 

188.0 57.34 I silty mudstone I 
192.0 58.56 1 1 Carby shale and coal traces 

203.0 61.92 - siltstone 

1 Shaley coal 

I 
- Rentonite & carby 

) Some siltstone 

- Mcdstone stringers 

I 
I siltstone 

- , brown 

1 sandstone (fine) 

I sandstone (fine) 

- sandstone tmedivn), dark way 

silty m&stone 

wdstcne 

silty mudstone 

COAL 

siltstone 

COAL 

si 1tstone 

1 Carby 

I 

-. 

1 coat traces 63 112 8 128 

1 6" shale @ 142 







TELKWA - PIT #7 
Drill-hole Seam Intersections 

0.63 L.83 1.23 1.88 
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