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SUMMARY
Results from the 1991 drilling program were encouraging.

A crudely strata-bound sulphide horizon was intersected in drill holes TK-91-1, TK-91-3
and TK-91-4.

Intersections of the sulphide horizon are generally of sub-economic width. Best

intersections include:
gra.'\mj

Hole TK-91-1 2.2m of 2.78 a2/t Ag, 0.18% Pb, 0.88% Zn from 269.0-272.0 metres
0.5m of 65.6 gZ/t Ag, 4.22% Pb, 9.36% Zn from 272.0-272.5 metres

Hole TK-91-3 0.4m of 34.6 91-/ t Ag, 3.06% Pb, 4.44% Zn from 332.3-332.7 metres
1.3m of 9.27 gz/t Ag, 0.45% Pb, 2.01% Zn from 387.1-388.4 metres

Hole TK-91-4 0.5m of 8.0 g¢/t Ag, 0.76% Pb, 5.82% Zn from 441.3-441.8 metres
No significant base metal sulphides were encountered in hole TK-91-2.

Drilling confirmed the presence of the sulphide horizon, similar to that observed within
the canyon showing, from the Cummins River, south to Line 20+ 00S, a strike length of 3
kilometres.

The sulphide horizon initially exhibits characteristics of a large, mineralized basinal
environment, with generally decreasing width and increasing Zn/Pb ratios toward grid

south.

Broad, weakly conductive horizons were recognized by the downhole UTEM survey of
holes TK-91-2 and TK-91-4. No indication of large, strong conductors was exhibited.

With a large prospective area yet to be tested, the potential for the discovery of a Pb-Zn-
Ag deposit is considered good.

- RECOMMENDATIONS
Further drilling with an emphasis on areas of low Zn/Pb ratios.

Attempt to locate wide basinal sequences within the Tsar Creek Formation which may
reflect sub basins or structural thickening.

A combined surface and borehole survey with different loop configurations (drill holes
TK-91-1 and TK-91-2 could be filled with PVC pipe and surveyed).

Grid extension. Soil sampling of areas both north and south of Cummins River (Mn, Zn
and Pb key elements). '




L INTRODUCTION

During June to September 1991, a program consisting of property mapping,
lithogeochemistry, soil sampling and HLEM geophysics on the MGM and TSAR claim
groups located a geological sequence similar to that which hosts the Cummins River
massive sulphide occurrence (covered by the Cominco Bend claim group).

This report encompasses a four hole (1873.8m) diamond drill program and down hole
geophysical surveys completed on the MGM and TSAR claim groups from October 7 to
November 14, 1991. The drilling program was designed to assess the depth potential and
continuity of mineralization. This report describes the program’s results and presents an
interpretation of the results.

2, LOCATION AND ACCESS

The property lies on the east side of the Rocky Mountain Trench approximately 100km
northwest of Golden, B.C. (Figure 1), located both north and south of the confluence of
Cummins River and Columbia Reach (Kinbasket Lake). The property is located on NTS
map sheet 83D1 and 82M/16, bounded by latitude’s 51°59’ to the south and 52°05’to the
north and longitude’s 118°04’ to the east and 118°17" to the west.

The property is not road accessible. Helicopter services out of Golden or Revelstoke or
a float plane service from Golden are available. Large freight may be brought in by a
barge service out of Bush Harbour, located 50km southeast of the claim area.

The property itself is well covered by recent clear cut logging areas and logging roads
which are in good driveable condition. Several are present between Cummins River and
Tsar creek. The portion of the property lying to the north of Cummins River is crossed
by one main logging road and plans for new road to be constructed in 1992 are displayed
on Figure 2.

3. PHYSIOGRAPHY AND VEGETATION

Elevations across the property range between lake level at approximately 762m, to the
top of the property boundary at 1,800m. The entire property is below the treeline which
is approximately at 1,970 metres. Slopes are moderate to steep.

The property lies within the Interior Wet Belt where precipitation can exceed 100
centimetres per year. Winters in the area are usually long and severe with snowfall often
exceeding 9 metres. Water line of the Columbia Reach varies seasonally from
approximately 730-765 metres (=2400-2500 ft).

Vegetation consists of thick stands of cedar, douglas fir and hemlock at lower elevations
giving way to lodgepole pine and balsam fir above 1370 metres. For the most part the
property is covered by alluvial sediments ranging in thickness from 1 to 20 metres.
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4. CLAIM STATUS

The property is located in the Golden mining division. The following claims are
registered in the name of Teck Corporation currently held in trust for White Knight
Resources Ltd.

Table 1

CLAIM RECORDS

| Claim Name Record No. Units Record Date Expiry Date
MGM 373 9 AUG/20/79 AUG/20/2000
MGM 2 422 2 SEPT/19/79 SEPT/19/2000
MGM 3 423 6 SEPT/19/79 SEPT/19/2000
MGM 4 1004 20 AUG/4/82 AUG/4/2000
MGM 5 1130 5 JAN/28/83 JAN/28/2000
MGM 8 2156 6 MAY/27/90 MAY /27/2000
TSAR 1 2323 16 FEB/17/91 FEB/17/2000
TSAR 2 2324 20 FEB/17/91 FEB/17/98
TSAR 3 2325 12 FEB/18/91 FEB/18/98
TSAR 4 2326 12 FEB/18/91 FEB/18/98
TSAR 5 2327 6 FEB/16/91 FEB/16/98
TSAR 6 2328 12 FEB/18/91 FEB/18/98
TSAR 7 2329 6 FEB/16/91 FEB/16/98
TSAR 8 2330 18 FEB/17/91 FEB/17/98
ARM 2331 1 FEB/17/91 FEB/17/98
Total: 152 Units

The MGM, MGM 2-5, MGM 8 and TSAR 1 (totalling 65 units) are grouped as the

MGM Group. The TSAR 2-8 and ARM claims (totalling 87 units) are grouped as the
TSAR Group.

After the initial 1991 field exploration program was completed, 42 additional units, the
TSAR 9-21 claims, were staked to cover the area of possible down dip extension of the
sulphide horizon. The Tsar 9-21 units are 100% owned by Teck Corporation.
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Table 2
NEW CLAIMS
| Claim Name Record No. Units Record Date Expiry Date

TSAR 9 306069 6 Nov/8/91 Nov/8/92
TSAR 10 306070 5 Nov/8/91 Nov/8/92
TSAR 11 306071 2 Nov/8/91 Nov/8/92
TSAR 12 306072 2 Nov/8/91 Nov/8/92
TSAR 13 306073 2 Nov/8/91 Nov/8/92
TSAR 14 306074 2 Nov/8/91 Nov/8/92
TSAR 15 306075 3 Nov/8/91 Nov/8/92
TSAR 16 306076 2 Nov/8/91 Nov/8/92
TSAR 17 306077 3 Nov/8/91 Nov/8/92
TSAR 18 306078 3 Nov/8/91 Nov/8/92
TSAR 19 306079 6 Nov/8/91 Nov/8/92
TSAR 20 306080 2 Nov/8/91 Nov/8/92
TSAR 21 306081 4 Nov/8/91 Nov/8/92

Total: 42 Units

Property Total: 194 Units

The current claim configuration for the property is shown on Figure 3.

5. PREVIOUS WORK

Refer to the Teck 1991 Report on the Geology, Geochemistry and Geophysics of the

MGM Property for a full description of previous work in the property area.
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6. 1991 PROGRAM

From June 14 to August 25, 65 field days were spent on the MGM property. The
program consisted of geologic mapping (at 1:10,000 and 1:5,000), rock sampling, stream
silt sampling, soil sampling, trenching and a HLEM survey. In addition on-site drill core
from previous workers was relogged.

The drill program, described in this report, was a continuation of Teck’s 1991 exploration
program,

Objectives of the drill program were:

1) To trace Cominco’s Bend massive sulphide horizon southeast onto the
MGM property.

2) To trace the down dip extension of the sulphide horizon off the southwest
corner of the Bend claims,

3) To test a geophysical and soil geochemical target observed on Line
20+00S.

A total of 1873.8 metres were diamond drilled in four holes. Grid lines, extended by hip
chain and slope corrected, were used to site the drill holes. Drill hole locations are
shown on Figure 4.

Drill core samples were analyzed by Eco-Tech Labs of Kamloops, B.C.

A down hole UTEM (University of Toronto Electromagnetometer) survey was conducted
between November 9-14 on two drill holes by Syd Visser of SI Geophysics Ltd. Two
insulated copper wire loop arrays were laid out for the survey.

Down hole surveys were attempted on TK-91-1, TK-91-2 and TK-91-4. Hole TK-91-3 was

not attempted due to a broken and blocky section within the hole. Hole TK-91-1 proved
unusable as the borehole instrument was impeded by excessive grease.

Down hole surveys were completed on TK-91-2 and TK-91-4,




7. GEOLOGY

Regionally, the property lies on the west limb of a major anticlinorium and is bounded to
the west by the Purcell Thrust Fault.

The property is in an area of dominantly Lower to Mid Cambrian miogeosynclinal rocks
represented by three main lithological elements: the Mid to Upper Cambrian Kinbasket
Limestones and the Mid to Lower Cambrian Tsar Creek metapelites of the Chancellor
Group and the Lower Cambrian Quartzites of the Gog Group. All lithologies have been
metamorphosed to middle and upper greenschist assemblages.

Gog Group

The Lower Cambrian Gog Group consists of three formations, from youngest to oldest:
Mahto, Mural and McNaughton. For the purpose of this investigation Gog Group
lithologies have not been subdivided according to formational boundaries.

In the property area this sequence consists of milky to greyish white quartzite, light grey
to pale pink micaceous quartzite, thinly laminated light grey to pink quartzofeldspathic
(psammitic) schists, chert, interbedded biotite and garnet schists and a greyish white to
light buff coloured marble.

The Gog Group quartzites conformably overlie Upper Proterozoic Miette Group
metasediments which were not observed in outcrop on the property. The overali
thickness of the Gog Group is estimated to be slightly greater than 1,000 metres.

Chancellor Group

The Tsar Creek and Kinbasket Formations of the Chancelior Group are documented as
Middle Cambrian. Due to structural thickening, stratigraphic thicknesses are hard to
establish. The upper Tsar Creek-lower Kinbasket contact is gradational and thus its
placement is very much subjective.

Tsar Creek Formation

The Tsar Ceek Formation is dominantly a pelitic schist of variable metamorphic grade
and argillaceous component. Lithological units recognized within this formation were
muscovite and biotite schists, garnet-mica and garnet-staurolite-mica schists, greywacke
turbidites, micaceous limestone and argillite.

Metamorphic grade throughout the property ranges from lower and upper greenschist
facies to amphibolite or garnet-staurolite-kyanite grade. Muscovite, biotite and
almandine garnet are common metamorphic minerals. Kyanite and sillimanite were
observed in a few localities.
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The Tsar Creek Formation hosts a crudely stratabound sulphide horizon of variable
width bounded by distinct hanging and foot wall lithologies. The sulphide mineralogy is
simple with pyrite, sphalerite and galena predominating. Lithologies associated with the
mineralization are quartz sericite schists, manganiferous dolomites, argillaceous garnet
schists and micaceous quartzites. Such lithologies may relate to metamorphosed cherts,
carbonates and argillites deposited within a cratonic margin basin.

Kinbasket Formation

The Kinbasket Formation is dominated by pale grey to grey, thinly laminated, sandy to
silty limestones with interlaminated pelitic sediments. Interstratified beds of pelitic
sediments from 2-30m in thickness occur within the limestones. Thinly bedded, grey
micritic limestones with thin graphitic laminae are also recognized within the formation.

The limestones have been metamorphosed to impure marbles and pelitic material within
the limestones have formed micaceous and garnetiferous horizons. Similarly, the
interstratified pelitic layers have been metamorphosed to mica schists and garnet mica
schists. Under the local metamorphic grade the Kinbasket Limestones generally appear
as a rusty to buff weathered, biotitic and locally garnet bearing grey unit.

Lithologies of the Kinbasket and Tsar Creek Formations generally strike northwest-
southeast and dip 50°-60° southwest in the area between Cummins River and Tsar Creek.
A thrust fault bounded sequence of similar lithologies occurs mainly in the area north of
the Cummins River, with a portion occurring south of the Cummins toward Columbia
Reach.

The dominant structures within the Kinbasket and Tsar Creek rocks are the second
phase (F,) tight to isoclinal asymmetric step-like folds with an associated axial planar
cleavage (S,) near parallel with the average long limb orientation.




8. DIAMOND DRILLING

Four diamond drill holes were cored for a total of 1873.8 metres. Drilling was carried
out between October Sth and November 13th 1991 by Falcon Drilling Ltd. of Prince
George, B.C. Selected portions of the NQ (174") core were split and sent to Eco-Tech
Labs in Kamloops for analysis. A total of 39 samples were collected and analyzed; all for
30 element by ICP; 26 were assayed for Ag, Pb and Zn, 28 for Ba; 3 assayed for Au and
a total of 3 for whole rock analysis. Best sample intervals are located on the drill sections
(Figures 5-8), and complete results are listed on the certificates of analyses in

Appendix C.

Drill hole locations are plotted on Figure 4 and Table 3 summarizes all pertinent drill
data. Core is currently being stored on the property. Core recovery averaged 909%-100%.

TABLE 3

Diamond Drill Hole Data

Hole No. Grid Location Elevation | Azimuth Dip Length No. of
Samples
TK-91-1 5+008, 3+05W 1039.4 m 035° -0° 3191 m 15
TK-91-2 1+00N, 5+90W 9509 m ~-- 90° 5720 m 7
TK-91-3 10+00S, 5+95W | 9479 m 035° -10° 4624 m 16
TK-91-4 18+758, 7+06W | 9113 m 035 -70° 5203 m 1 “
_ Tot:n{l 1873.8 m 39 "

The target stratigraphy, the Kinbasket and Tsar Creek Formations were intersected
within all drill holes.

Where the mineralized dolomite horizon occurred, a hanging wall sequence of calcareous
garnet schists, quartz-sericite schists and cherts and a foot wall sequence of argillaceous
garnet schists and micaceous quartzites was observed.

Numerous minor folds were observed within all horizons.

Complete drill logs are included in Appendix E. A brief description of each drill hole
with best mineralized intersections follows.




1) Hole TK-91-1 (Figure 5)

Objective: To test the strike extension of Cominco’s Bend sulphide horizon onto the
MGM ground.

Result: 0-18.3m; Overburden.

18.3m-224.8m; Fine grained, grey to dark grey, occasionally garnet bearing,
micaceous limestone with locally numerous quartz (minor carb) bands.

224.8m-236.1m; Fine grained, light grey to grey, weakly calcareous garnet schist
with minor cordierite and staurolite. This unit grades into a cordierite-muscovite schist
with elliptical cordierite (see Appendix F for thin section description) from 233.4-236.1m.

236.1m-267.7m; A sequence of grey cherts and quartz-sericite schist often with
minor interbeds of pelitic schists. Thinly laminated pyrite and sphalerite occur locally.

267.7m-275.3; Fine to medium grained, light grey manganiferous dolomite.
Thinly laminated to massive sulphides.

275.3m-285.5m; Fine grained, banded, grey to black argillaceous garnet schist.

285.5m-287.7m; Grey chert.

287.7m-E.O.H.; Garnet-staurolite schist with interbedded muddy chert horizons.

Best results include:

Sample No. From To Length(m) Ag Pb% Zn%
114202 2462  246.7 0.5 0.5 86 076
114208 2698 2700 0.2 52 039 112
114209 270.0 2711 1.1 25 019 098
114210 2711 2720 0.9 26 013 071
114211 2720 2725 0.5 656 422 936

2) Hole TK-91-2 (Figure 6)

Objective: To test the down dip expression of the Bend sulphide horizon, drilled vertical
to remain off of the Cominco’s Bend claim Group.

Result: 0-6.1m; Overburden.

" 6.1m-295.1m; A sequence of cherts and argillaceous schists grading to
quartzofeldspathic schists, garnet schists and garnet-staurolite schists. This sequence is
bounded by a thrust fault to the sequence below.

295.1m-435.8m; Fine grained, grey, micaceous limestone with interbedded and
intercalated mica schist and garnet-mica schists.

435.8m-484.8m; Fine grained, grey to grey-brown, garnet-mica schist with
intercalated limestone. Garnets often are of large size (0.5cm-3.0cm in diameter).

484.8m-485.6m; Quartz-sericite schist.

485.6m-523.8m; Light grey to white marble. Thin bands of pyrite occur locally.

523.8m-561.3m; Interlayered quartz-sericite schists, chert and garnet schists.
Repetitions of units is probably due to folding.

561.3-E.O.H.; Garnet-staurolite schist.




Hole TK-91-2 continued.

Best results include:

Thin laminations of pyrite and pyrrhotite were observed within cherts and quartz-sericite
schist of the Tsar Creek Formation, however, no significant base metals were observed
within the hole. The massive sulphide horizon likely tapered out prior to the targeted
depth.

3) Hole TK-91-3 (Figure 7)

Objective: To test the strike and down-dip extension of the sulphide horizon observed in
Hole TK-91-1.

Result: 0-6.0m; Overburden.

6.0m-23.5m; Grey to black banded graphitic limestone.

23.5m-174.7m; A sequence of grey, fine grained, micaceous limestones. Rubbly,
broken rock occurs from 38.0m-122.4m.

174.7m-290.9m; Fine grained, grey limestones with interbedded and intercalated
fine grained, light grey, garnet mica schists.

290.9m-293.3m; Grey to black banded graphitic limestone.

293.3m-294.7m; Fine grained dark grey cordierite schist with #3% pyrrhotite.

294.7m-441.7m; Folded sequence of mica schists, quartz-sericite schists, cherts,
weakly brecciated dolomite, siliceous pelitic schists and argillaceous garnet schists (See
enlarged portion of drill hole section, Figure 7).

441,7m-448.3m; Grey opalescent chert.

448.3m-E.O.H.; Fine grained, dark grey, garnet-staurolite schist.

Best results include:

Sample No. From To Length(m) Ag Pb% Zn%
114227 3241 3500 0.9 21,1 216 132
114228 3255 3262 0.7 33 041 154
114230 3323 3327 0.4 346 3.06 444
114233 387.1 3879 0.8 10.7 051 226
114234 3879 3884 0.5 70 035 1.60
114236 396.2  396.6 0.4 62 038 352
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4) Hole TK-91-4 (Figure 8)

Objective: This hole ’stepped out’ 1Km toward the southeast from TK-91-3 in order to
test the Line 20+ 00S area defined by soil and HLEM anomalies, where trenching
unearthed lithologies similar to hanging and foot wall units observed in Cummins River.

Result: 0-6.1m; Overburden.

6.1m-127.1m; A series of fine grained, well foliated garnet biotite schists
interbedded with light grey to creamy white cherty layers. The rocks appear similar to
those contained within the thrusted section of hole TK-91-2.

127.1m-378.5m; Fine grained, light grey to grey micaceous limestones with minor
interbeds of mica schists and garnet-mica schists.

378.5m-423.5m; Intercalated micaceous limestone and garnet-mica schists
grading into garnet biotite schist with minor cordierite porphyroblasts.

423.5m-428.5m; Garnet-mica schist with zoned cordierite porphyroblasts.

428.5m-494.8m; Quartz-sericite schists with 1-2m beds of dolomite from 462.4m-
464.6m and 469.7m-471.4m. Interbedded saccharoidal, limy dolomite/limestone and
garnet schists from 471.4m-477.8m. Trace to thinly laminated sulphides.

494 8m-E.O.H.; Garnet-staurolite schist.

Best results include:

Sample No. From To Length(m) Ag Pb% Zn%
114239 4413 4418 0.5 80 076 582
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9. GEOPHYSICS

A downhole UTEM survey was employed in an attempt to locate thick sections of
mineralization. The association of pyrite-pyrrhotite with the lead-zinc mineralization was
infered to indicate areas of increased base metal accumulations.

Two boreholes, TK-91-2 and TK-91-4 were surveyed with the BH-UTEM system utilizing
two separate loop configurations. Obstructions encountered in holes TK-91-1 and TK-91-
3 prevented those holes from being surveyed.

Two insulated copper wire loop arrays were laid out for the survey (see Figure 4). Both
loops were run along the baseline; Loop 1 encompassed lines 3+00S and 14+ 00S; Loops
2 included lines 14 +00S and 20+ 00S for loop 2. Both loops were closed along the lower
main logging road.

The survey was conducted by Syd Visser of SJ Geophysics Ltd. and Lamontagne
Geophysics Ltd. from November 9-14.

The data from borehole TK-91-2 indicates a conductive zone with a conductivity of
~10mhos near the bottom of the hole at a depth of 460 to 550 metres. This conductor
correlates well with thin bands of graphite and pyrite observed in drill core. The major
part of this anomaly is off-hole toward the east and north, as shown on the model FIG-1
and FIG-2. The same response is seen from both loop 1 and 2.

A weak extensive conductor, with a conductivity of ~10mhos, was located within TK-91-4
between 480 to 500m depth. The sign of the secondary field from the anomaly is the
same as the primary field outside loop 1 and opposite in sign from loop 2, therefore, the
conductor must be located toward the loop in the northeast direction. A sharp return on
the lower end of the anomaly from loop 1 may suggest that the conductor is dipping
toward the north,

The data from loop 2 confirms the large anomaly in TK-91-4, but further indicated a
small but very strong off-hole anomaly located at a depth of #460m.

A full report and interpretation of the geophysics is included in Appendix G.
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10. DISCUSSIONS

A summary of some geological characteristics of Sedex’ deposits (after Large 1980)
follows;

Deposits exist in sub (second or third order) basins within large first order epicratonic
and intracratonic basins of Middle Proterozoic and Lower-Middle Palaeozoic age.

The lateral dimensions are an order of magnitude greater (several hundreds to thousands
of metres) than the thickness. Ore bodies are concordantly interbedded in marine
sediments and may be distributed through stratigraphic intervals of 1000m or more.

Deposits usually occur close to fault controlled margins of first or second order basins.
Reactivation of such zones comprise excellent pathways for the rise of hydrothermal
solutions,

The stratiform sulphides may, in part, be texturally massive or commonly and
characteristically occur as laterally persistent beds of fine-grained sulphides from 1mm to
Im in thickness. Brecciation and/or stockwork, disseminated or cross-cutting vein-type
mineralization is commonly found under-lying or adjacent to the stratiform
mineralization. Hydrothermal alteration (usually silicification) is commonly found
associated with the cross-cutting mineralization.

Mineralogy is relatively simple, containing fine grained pyrite and/or pyrrhotite,
sphalerite and galena with minor chalcopyrite.

Lateral and/or vertical zonation of Pb-Zn may exist as a result of rapid cooling and
dilution of the hydrothermal solution by sea water near the discharge zone and the
consequent precipitation of minerals in a sequence according to their solubilities.
Subsequently, a lateral zonation of Cu-Pb-Zn-(Ba) and a vertical zonation of Cu-Zn-Pb-
(Ba) away from the discharge zone is observed. The Zn/Pb ratio gradually increases
distally.

Very fine grained, opalescent chert is commonly found interbedded within the stratiform
sulphide mineralization. The chert is spatially restricted to the ore deposits and it
probably represents an exhalative hydrothermal silica phase that was deposited as a gel
on the sea floor.

Similar characteristics to those listed above are exhibited within the MGM property.

Figure 10 displays a composite three-dimensional plot of results from drilling and surface
mapping. TK-91-1 and TK-91-3 as well as the 1991 Cominco drili holes and TK-91-2 are
plotted on common planes. Best resuits are displayed for the 1991 Teck drill holes.
Several lithologies within the Tsar Creek Formation are displayed in order to observe
facies thickness changes.]
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Mineralization is contained within quartz-sericite schist and manganiferous dolomite
horizons. The lateral extent of the sulphide zone is much greater than its width.

Within first order basins, abrupt changes in sedimentary facies and thicknesses refiect the
presence of sub basins. Typically, within Sedex deposits, the whole sequence containing
the stratiform mineralization is typically thickest at a point adjacent to the massive
sulphide ore. Shelf facies may be characterized as sequences of pelagic limestone and
basinal facies by siltstones and shales.

Individual facies thicknesses for most of the Tsar Creek Formation prove to be constant
over the investigated area. Greater study of the facies within the Tsar Creek is necessary
before sub basins can be defined.

To date, evidence for faults associated with the massive sulphide mineralization has not
been abserved.

Zn/Pb ratios determined from the massive sulphide horizons encountered within the
Teck drill holes 1-4, along with ratios from surface sampling of the sulphide horizon near
the Cummins canyon showing and the Line 20+ 00S trenches are displayed on Figure 9.
Higher ratios reflect a distal environment, low ratios (approaching zero} reflect a
proximal environment. Results indicate a general increase of ratio values toward grid
south and a decrease toward grid north.

11. CONCLUSIONS

Results from the 1991 drilling program were encouraging.

Drilling confirmed the presence of the sulphide horizon, similar to that observed within
the canyon showing, south from Cummins River to Line 20+00S a strike length of
approximately 3.0 kms.

The geological characteristics of the sulphide horizon are consistent with a large, basin
controlled style of mineralization with generally decreasing width and increasing Zn/Pb

ratios toward grid south.

Additional geophysical and drilling programs are warranted.
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Statement of Qualifications




APPENDIX B

Cost Statement




A)

B)

0)

D)

E)

F)

G)
H)
I
)

K)

EXPLORATION COSTS
(October 6 - November 13, 1991)

SALARIES
Geology
G. Thomson (Project Geologist)
40 days @ $271.92
C. Alford (Geologist)
71.5 days @ $232.00
C. Lormand (Geologist)
48.5 days @ $232.00
Drafting

LIVING EXPENSES
Camp Rental (Evan’s Forestry Camp)
Motel, Meals (Oct 1-6, Nov 13-Dec 14)
C. Alford (5 wks) 35 x $84.00/day
G. Thomson (2 wks) 14 x $84.00/day
C. Lormand (5 wks) 35 x $39.20/day

TRANSPORTATION
Barge Service (Mica Marine Ltd.)
Truck Rentals (2 - 4x4 Trucks)
Cana Rentals (2 mos. @ $1148.00)
Canex Rentals (2 mos. @ $1075.20)
Gas

CHARTERED AIRCRAFT

Amiskwi Air, Canadian Helicopters (6 hrs.)

Tundra Helicopters (5.8 hrs.)

CONTRACTORS
Falcon Drilling (1,184 m)
SJV Geophysics

GEOCHEMICAL ANALYSES (Eco-Tech Labs)

39 Core Samples with 30 Element I.C.P.

and Specific Pb, Zn, Ag, Au and Ba assays

FIELD EXPLORATION COSTS
MAPS AND PRINTS
TELEPHONE
PETROGRAPHIC STUDY

RENTALS (Radiotelephone, Core Splitter)

$10,876.80
16,588.00
11,252.00
1,144.47
$6,631.47

2,940.00
1,176.00
1,372.00

$6,133.42

2,296.00
2,150.40

504.00

$141,013.66

13.632.37

TOTAL

$39,861.27

$12,119.47

$11,083.82

$11,882.04

$154,646.03

$1,306.29
$70.41
$63.84
$120.04
$103.32
—$493.88
$231,750.41
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Certificates of Analyses




ECO-TECH LABORATORIES LTO.

ASSAYING - ENVIRONMENTAL TESTING
10041 East Trans Canada Hwy., Kamicops, B.C. V2C 2J3 (604) 573-5700 Fax 573-4557

OCTOBER 18, 1991

CERTIFICATE OF ASSAY ETK 91-828

TECK EXPLORATION LTD.

960 -~ 175 2nd. AVE.
KAMLOOPS, B.C.

v2C 5wl

ATTENTION: FRED DALEY

SAMPLE IDENTIFICATION: 14 ROCK SAMPLES RECEIVED OCTOBER 16, 1991
e e PROJECT: 1703
AG AG PB ZN
ET# Description (g/t) (oz/%) (%) (%)
1l - 114201 <.l <.01 <.01 .01
2 - 114202 8.6 .25 .76 2.24
3 - 114203 1.1 .03 .09 .52
4 - 114204 4 .01 .04 .08
5 - 114205 «1 <.01 .03 .28
& - 114206 2.4 .07 .17 .31
T - 114207 .1 <.01 .03 .05
8 - 114208 5.2 15 .39 1.12
9 - 114209 2.5 .07 .19 .98
10 114210 2.6 .08 .13 .71
11 114211 65.6 1.91 4.22 9.36
12 114212 4.6 .13 .20 .73
13 114213 .5 .02 .04 .07
14 114214 <.l <.01 .01 .01
NOTE: < = LESS THAN

ECO-TECH
FRANK J. PEZZOTTI

B.C.

RATORIES LTD

CERTIFIED ASSAYER




ECO-TECH LABORATORIES LTD.

ASSAYING - ENVIRONMENTAL TESTING
10041 East Trans Canada Mwy., Xamioops, B.C. V2C 2J3 (604) 573-5700 Fax 573-4557

OCTOBER 18, 1991

CERTIFICATE OF ANALYSIS ETK 91-828

TECK EXPLORATION LTD.
960 - 175 2nd. AVE.
RAMI,0O0PS, B.C.

v2c 5wl

ATTENTION: FRED DALEY

SAMPLE IDENTIFICATION: 14 ROCK SAMPLES RECEIVED OCTOBER 16, 1991
---------------------- PROJECT: 1703

NOTE:

BA

ET# Description (ppm)

1l - 114201 3380

2 - 114202 170

3 - 114203 150

4 - 114204 840

5 - 114205 650

6 - 114206 200

7 - 114207 210

8 - 114208 240

9 - 114209 340

10 - 114210 210

11 - 114211 300

2 - 114212 610

13 - 114213 230

14 - 114214 70
< = LESS THAN

ECO-TECH, ZXBORATORIES LTD
FRANK J. PEZZOTTI
B.C. CERTIFIED ASSAYER




ECO-TECH LABORATORIES LTD.

ASSAYING - ENVIRONMENTAL TESTING
10041 East Trans Canada Hwy., Kamloops, B.C. V2C 2J3 (604) 573-5700 Fax 573-4557

NOVEMBER 22 , 1991
CERTIFICATE OF ANALYSIS ETK 91-828B

R L T
Pt g e — i~

TECK EXPLORATION LTD.
960 - 175 2nd. AVE.
KAMLOOPS, B.C.

V2C SHW1

ATTENTION: FRED DALEY
SAMPLE IDENTIFICATION: 14 ROCK SAMPLES RECEIVED OCTOBER 16, 1991

---------------------- PROJECT: 1703
TELEPHONE REQUEST NOVEMBER 19, 1991

‘ EBR
ET# Description (ppm)
l - 114201 3773

NOTE: < = LESS THAN

,yz///uﬁ_.
ECO-TECH LXBORATORIES LTD
/%= FRANK J. PEZZOTTI
IFI

B.C. CE ED ASSAYER




ECO-TECH LABORATORIES LTD.
ASSAYING - ENVIRONMENTAL TESTING

10041 East Trans Canada Hwy., Kamiloops, B.C. V2C 23 (604) 573-5700 Fax 573-4557

TECK EXPLORATION LTD.
960 - 175 2nd. AVE.
KAMLOOPS, B.C.

V2C S5W1

ATTENTION: FRED DALEY

SAMPLE IDENTIFICATION:

NOVEMBER 22 , 1991

CERTIFICATE OF ASSAY ETK 91-828B

14 ROCK SAMPLES RECEIVED OCTOBER 16, 1991
PROJECT: 1703
TELEPHONE REQUEST NOVEMBER 19, 1991

AU AU

ET# Description {g/t) {oz/t)
2 - 114202 10 ,003

8 - 114208 22 .006
11 - 114211 18 .005

NOTE: < = LESS THAN

P ECO-TECH LABORATORIES LTD
FZ22 FRANK J. PRAZOTTI
B.C. CERTIFIED ASSAYER



OCTOBER 18,1981

ECO-TECH LABORATORIES LID.

10041 RAST TRANS CANADA EWY.
KAMLOOPS, B.C. V2C 2J3
PHOMR - 604-573-5700
PAX - 604-573-4557

VALUES IN PPH UNLESS OTHERWISE REPORTED

TECK RXPLORATIONS LTD.- ETK 91-020

960, 173 SECOND AVENUR
KANLOOPS, B.C.
vac 5w

ATTENTION: FRED DALEY

PROJECT NUMBER: 1703

- 14 ROCK SAMPLES RECEIVED OCTOBER 16, 1991

ET¢  DESCRIPTION AG AL(V) AS s BA  BI CA(l) CO €O CR CU FE(}) K(3) LA  MG(§) N MO MA(Y) MI P PB  SB SN SR TI(V) U v 1] Y m
1- 114201 <2 6.52 <5 4 100 < 7.26 <1 20 66 23 3.335 .81 <10 2.0 218 1 .24 36 320 48 13 <20 257 .07 <10 24 <10 <} &4
2- 134202 $.4 .29 40 <2 a8 < 5.93 29 9 17 48 10,18 .11 10  3.04 >10000 3 <.01 4 570 €292 25 <20 30 .02 20 <1 30 <l >10000
3- 114203 1.2 .16 20 4« 30 <S  6.48 € 3 30 11 €.26 .06 <10 2.52 €220 2 <.01 <1 980 654 13 <20 8 .01 <10 <1 20 1 sjos
4- 114204 6 a7 s 4« 20 < .50 1 3 4 2 1.22 .10 310 .19 1100 2 <.01 4 390 312 <3 <20 3 <.01 <10 <1 10 1 603
s- 114208 <2 .21 s « e <5 11.90 2 s n 2 434 .08 <10 4.11>10000 <1 <01 1 1010 316 10 <230 45 <.01 10 <1 <10 <1 2206
6- 114206 2.2 .49 68 ¢« 80 <8 10.39 «n 9 sS4 1379 .14 320 4.09 >10000 2 <.01 3 940 1610 20 <20 46 .02 SO <1 10 <1 2804
7- 114207 <.2 .08 28 « 20 <3 >18. <« 3 . 1 €91 <.01 <10 6.26 >10000 <1 <.01 <1 700 294 10 <20 <1 <.01 10 <1 <10 <1 319
8- 114208 s.4 .21 45 <«a 28 <5 14.48 16 s . 9 7.3 .01 10 4.94 >10000 1 <.01 <1 1210 3474 20 <20 1 <.01 10 <l 20 <1 >10000
9- 114209 2.2 .10 €S 2 s <3 14.45 11 6 ’ 8 8.06 .01 10 5.786 510000 1 <.01 <1 860 1200 15 <20 <l <.01 20 <1 10 <1 874
10- 114210 2.4 .04 20 2 a2 <5 >18. ’y 3 s 3 5.4 <.01 <10 6.42 >10000 <1 <.01 <1 320 930 10 <20 <1 <.01 10 <1 10 <1 4813
11- 114211 >30. .36 200 <« 70 <5 3.41 183 16 29 34 1S .19 <10 2.04 >10000 7 <.01 4 1610 >10000 40 <20 17 .03 80 <1 30 <1 >10000
12- 114212 4 .65 205 & 60 < 6.40 € 10 32 19 12.10 .33 20 3.00>10000 2 <.01 6 1370 1968 20 <20 81 .06 40 3 10 <1 648
13- 114213 4 .09 40 « 30 < >18. <1 3 1 9 5.17 <.00 10 7.20 >10000 3 <.01 <1 760 358 10 <20 167 <.01 10 <1 <10 <1 675
4- 114214 <2 .08 1% ¢ 13 <8 >1s. <1 as 2 3.07  <.01 <10 9.43>10000 1 <.01 <1 430 18 $ <30 100 <.01 <10 <1 <10 <1 o8

NOTE: < = LESS THAN
> « GREATER THAN

TECK3/8CS

nco-Tace 15aderroass 110,

FRANK J. PESSOTTI
3.C. CERTIFIED ASSAYER



NOVEMBER 7, 1991

ECO-TECH LABORATORIRS LTD.
10041 EAST TRANS CANADA MWY.
KAMLOOPS, B.C. V2C 233
PHONE - 604-573-5700

PAX - 604-573-4557

VALUES IN PPM UNLESS OTHERWISK REPORTED

TECK EXPLORATIONS LID.- ETK 91-059
960, 175 SECOND AVEWUE

KANLOOPS, B.C.

vac sw1

ATTENTION: PRED DALEY

PROJECT MUMBER: 1703
7 CORE SAMPLES RECEIVED OCTOBER 29, 1991

ET# DESCRIPTION AG AL(S) AS » BA [ 34 CA(8) © ©0 [~ 3 cu FE(8) K(%) LA NG(8) L] "o NA(S) [ 24 1 4 ”» 8B L] SR TI(Y) U v L J
1- 114218 <.2 1.47 <S 10 40 <5 .21 <1 20 52 41 2.50 .62 20 .07 136 [ ] .01 43 450 16 5 <20 [ .07 <10 n <10 4 ]
2- 114216 <.2 1.92 <5 [ ] a3 <3 .60 <1 14 61 7 2.72 1.23 10 1.37 S48 2 .01 1 0 10 10 <20 s <14 <10 27 <10 2 56
3- 114217 <.2 3.63 5 10 163 <S5 .41 <31 40 308 [ ] 4.0 2.24 <10 a.n 1s 2 .07 141 1110 26 15 <20 4 .24 <10 118 <10 [ n
4- 114218 <.2 3.26 H] ] 9”5 <3 <34 <1 £ 23 28 129 4.09 1.94 <10 2.44 231 3 .08 144 50 24 15 <20 3 .21 <10 102 <10 s n
S- 114219 <.2 .06 <5 [} <3 <S5 >18 <1 1 4 <1 .29 .03 <10 .52 626 «1 <.01 <1 740 2 L] <20 <1 <.01 <10 <1 <10 2 (1}
6~ 114220 <.2 1.29 <$ L] 30 <$ .30 <1 19 72 32 1.97 .66 30 .70 158 3 .02 38 480 L} ] <20 9 .06 <10 7 <10 3 4
7- 114221 .2 .25 s 10 10 <5 2.24 <1 3 169 10 1.63 .08 20 .61 1867 [ <.01 4 2150 14 S <20 e .02 <10 3 <10 ? 29

NOTEY < = LESS THAM

TBCKS/8CS

-

IS LTD.

@i‘mn:.r 30TTI

B.C. CERTIFIED ASSAYER



ECO-TECH LABORATORIES LTD.

ASSAYING - ENVIRONMENTAL TESTING
10041 East Trans Canada Hwy., Kamioops, B.C. V2C 2J3 (604) §73-5700 Fax 573-4557

NOVEMBER 7, 1991

CERTIFICATE OF ANALYSIS ETK 91-859W

TECK EXPLORATION
960-175 2ND AVE.
KAMLOOPS, B.C.
V2C 15w

ATTENTION: FRED DALEY

SAMPLE IDENTIFICATION: 7 CORE samples received OCTOBER 29, 1991
PROJECT#: 1703
SAMPLES SUBMITTED BY CRAIG ALFORD
ET¢ Description BaO P205 sio2 MnO  Fe203 MgoO  Al203 Cao Ti02 Nao2 K20 L.O.I.
5= 114219 .01 .35 11.69 .10 .71 1.11 1.89 45.32 .10 .08 .56 38.09
6=~ 114220 .05 .21 63.13 .12 6.32 1.64 19.53 .93 .86 .64 4.68 2.48
7- 114221 .01 .54 87.89 24 2.59 .94 1.36 2.71 .27 .01 .42 3.08

NOTE: VALUES EXPRESSED IN PERCENT

4

SC91/TECKS ECO-TECH LABOPATORIES LTD.
P-r praNK J. PEZAOTTI
B.C. CERTIFIED ASSAYER




ECO-TECH LABORATORIES LTD.

ASSAYING - ENVIRONMENTAL TESTING
10041 East Trans Canada Hwy., Kamioops, B.C. V2C 2J3 (604) 573-5700 Fax 573-4557

NOVEMBER 22, 1991

CERTIFICATE OF ASSAY ETK 91-866B

TECK EXPLORATION LTD.
960 - 175 2nd. AVE.
KAMLOOPS, B.C.

V2C 5W1

ATTENTION: FRED DALEY
SAMPLE IDENTIFICATION: 16 CORE SAMPLES RECEIVED NOVEMBER 4, 1991

---------------------- PROJECT: 1703
TELEPHONE REQUEST NOVEMBER 19, 1991

AG AG PB ZN

ET# Description (g/t) (oz/t) (%) (%)
4 - 114225 1.4 .04 .08 .54

8 - 114229 1.9 .06 .17 .26
14 - 114235 1.3 .04 .04 .31

ECO-TECH LABORATORIES LTD
/ZCFRANK 3. IF?ZOTTI

B.C. CE ED ASSAYER




ECO-TECH LABORATORIES LTD.

ASSAYING - ENVIRONMENTAL TESTING
10041 East Trans Canada Hwy., Kamioops, B.C. V2C 2J3 (604) 573-6700 Fax 573-4657

NOVEMBER 5, 1991

CERTIFICATE OF ASSAY ETK 91-866

TECK EXPLORATION LTD.

960 - 175 2nd. AVE.
KAMLOOPS, B.C.

v2Cc 5wl

ATTENTION:

FRED DALEY

SAMPLE IDENTIFICATION: 16 CORE SAMPLES RECEIVED NOVEMBER 4, 1991
——— - PROJECT: 1703
AG AG PB ZN
ET# Description (g/t) (oz/t) (%) (%)
6 - 114227 21.1 .62 2.16 1.32
7 - 114228 3.3 .10 .41 1.54
9 - 114230 34.6 1.01 3.06 4.44
12 - 114233 10.7 .31 .51 2.26
13 - 114234 7.0 .20 .36 1.60
15 - 114236 6.2 .18 .38 3.52
l6 - 114237 .7 .02 .03 .26

AU

ECO-TECH
FRANK J.

ORATORIES LTD

EZZOTTI

B.C. CERTIFIED ASSAYER



ECO-TECH LABORATORIES LTD.

ASSAYING - ENVIRONMENTAL TESTING
10041 East Trans Canada Hwy., Kamioops, B.C. V2C 2J3 (604) 5§73-5700 Fax 573-4557

NOVEMBER 22, 1991

CERTIFICATE OF ANALYSIS ETK 91-866B

- - = - —— - — —— - > = = = v - - - -
ettt T It s -

TECK EXPLORATION LTD.
960 - 175 2nd. AVE.
KAMLOOPS, B.C.

V2C 5SWl1

ATTENTION: FRED DALEY
SAMPLE IDENTIFICATION: 16 CORE SAMPLES RECEIVED NOVEMBER 4, 1991

---------------------- PROJECT: 1703
TELEPHONE REQUEST NOVEMBER 19, 1991

BA

ET# Description (ppm)
4 - 114225 1221
5 - 114226 225
6 - 114227 252
7 - 114228 119
8 - 114229 53
9 - 114230 186
10 - 114231 650
11 - 114232 769
12 - 114233 610
13 - 114234 676
14 - 114235 795
15 - 114236 1331
16 - 114237 66

/.

ECO-TECH LABORATORIES LTD
é%!f FRANK J. ZZOTTI
B.C. CERTIFIED ASSAYER

SC91/TECK2



NOVEMBER 5,1991

VALUES IN PPM UNLESS OTHERWISE REPORTED

ECO-TECH LABORATORIES LTD.

10041 EAST TRANS CAMADA HIGHWAY
KAMLOOPS, B.C. VOR 2P0

PH - 604 -573-5700
FAX - 604 - 537-4537

TECK EXPLORATIONS LTD.- ETX 91-866
960, 175 SECOND AVENUR

KAMLOOPS, B.C.

vac sw

ATTENTIONs FRED DALEY

PROJECT NUMBER: 1703

16 CORE SAMPLES RECRIVED NOVEMBER 4 , 1991

T DESCRIPTION AG AL(\) AS | na BI  CA(W) [~ ] co cu FE(Y) K(§) LA NG(8) MM MO NA(Y) NI 4 P s se SR TI(V) © v L] R 4 1]
1~ 114222 2 .6 as 12 20 < 1.8% <1 8 113 [] .11 .05 <10 .5¢ 1377 s <.01 & 1510 106 H <20 27 <.01 <10 <1 <10 s m
2~ 114223 .2 218 <5 20 <8 7.53 <1 20 3 as 3.04 .18 <10 1.24 332 3 <.01 39 €20 210 10 <20 S8 <.01 <10 s <10 <1 n
3- 114224 .2 .20 18 [} 10 <  2.18 <} 7 [}} 32 2.1 .14 <10 .66 1866 3 <.01 13 1340 78 s <20 17 <.01 <10 <1 <10 < i1
4- 114225 1.0 .20 20 [} 10 < 2.26 6§ 6 s 14 2.96 .06 <10 .96 3033 6 <.01 9 1090 592 s <20 <.01 <10 «1 <10 1 3868
S~ 114226 .. .27 20 10 3s <5 .41 <1 6 141 219 3.02 .10 <10 .47 3183 H <.01 6 030 430 s <20 ] .02 <10 <1 <10 <1 142
6- 114227 16.8 .21 as <2 s <5 1.44 17 6 [ 1] 10 4.43 18 <10 .78 2912 [ <.01 7 960 >10000 20 <20 [] .01 <10 <1 <10 <1 >10000
7- 114228 3.2 .16 as 2 15 <5 3.67 s [ 1] 22 4.21 .05 <10 1.56 4609 3 <.01 3 1000 3172 15 <20 21 <.01 <10 <1 <10 <1 >10000
8- 114229 1.6 .20 15 10 20 <3 4.34 2 3 2 n 2.06 14 <10 1.7 4727 H <.01 2 960 1286 15 <20 30 02 <10 <« <10 1 1524
9- 114230 26.2 .07 318 <« s <5 2.67 [ I } ” 20 2.2% <.01 <10 .99 2599 6 <.01 6 770 >10000 60 <20 13 <.01 <10 <1 <10 <1 >10000

10- 114222 4 a7 11 (] as <5 .94 <1 3 [1] 1 2.64 .06 <10 .29 010 . <.01 § 620 338 s <20 4 <.01 <10 <1 <10 <} 923
11- 114232 6 a7 108 s s <5 1.08 <1 4 [1] 2 467 .01 <10 .33 1121 3 <.01 ¢ 520 294 10 <20 <.01 <10 <l <10 <1 270
12- 114233 9.2 .10 170 2 33 <8 5.37 16 0 a2 ’ s.18 .02 <10 1.67 »10000 & <.01 1 1020 4670 s <20 51 .01 10 <« <10 <1 >10000
13- 114234 8.2 .42 150 ] ss <5 0.6% 13 8 [}] 15 8.23 .21 <10 2.72 »10000 ¢ <.01 3 1570 2770 23 <20 70 .03 20 <« 20 <1 >10000
14~ 114238 1.2 .8 [1] [} 38 <5 14.08 17 F}Y 3 2.28 .04 <10 2.6 4749 1 <.01 7 2670 2%¢ 13 <20 99 <.01 <10 <« <10 ¢ 1084
15- 114236 6.4 .33 100 <2 4 <5 .58 as 1y 23 23 6.98 .12 <10 1.91 >10000 4 <.01 7 27%0 3074 13 <10 18 <.01 10 «1 10 <1 >10000
16~ 114237 1.0 .03 230 [ 20 <5 13.11 <1 10 3 2" 10.54  <.01 <10 5.38 >10000 <1 <01 7 320 182 1% <20 53 <.01 20 <« <10 <1 2394

NOTEs < = LESS THAN

> = GREATER THAN

€.¢. Greg Thomson/ C. Alford

TECKS/8CS

L

/;‘,"nm J. rES

3.C. CERTIFIED ASSAYER



ECO-TECH LABORATORIES LTD.

ASSAYING - ENVIRONMENTAL TESTING
10041 East Trans Canada Hwy., Kamloops, B.C. V2C 2J3 (604) §73-5700 Fax 573-4557

NOVEMBER 19, 1991

CERTIFICATE OF ASSAY ETK 91-884

TECK EXPLORATION LTD.
960 - 175 2nd. AVE.
KAMLOOPS, B.C.

v2¢c 5wl

ATTENTION: GREG THOMSON

SAMPLE IDENTIFICATION: 2 CORE SAMPLES RECEIVED NOVEMBER 18, 1991
---------------------- PROJECT: NONE GIVEN

. AG AG PB ZN

ET# Description (g/t) (oz/t) (%) (%)
1 - 114328 .6 .02 <.01 .05

2 - 114329 8.0 .23 .76 5.82

ORATORIES LTD
FRANK J. PEZZOTTI
B.C. CERTIFIED ASSAYER



NOVEMBER 19, 1991

ECO-TECH LABORATORIES LID.
10041 EAST TRANS CANADA HIGHWAY
KAMLOOPS, B.C. VOE 2P0

PH - 604 -573-5700

PAX - 604 - 537-4557

VALUES IN PPM UNLESS OTHERWISE REPORTED

TECK EXPLORATIONS LTD.- ETK 31-884
960, 175 SECOND AVENUR

KANLOOPS, B.C.

v2c swi

ATTENTION: GREG THOMSON

PROJECT MUMBER: NONE GIVEM
2 CORR SAMPLES RECEIVED NOVEMBER 18 , 1991

4 11 ]

T4 DESCRIPTION MG AL(%) AS ] BA BI CA(M) <o CcoO CRr cu FE(Y) K(V) LA NG(Y) M MO NA(R) L 23 » B L] [ L] S8R TI(N) u v L
1- 114328 1.0 .07 23 4 10 <5 13.16 <1 4 9 10 5.32 <.01 <10 5.64 >10000 1 <.01 <1 490 14 <$ <20 [ ] <.01 <10 <« <10 «1 218
2- 114229 7.4 .06 20 <2 10 <S 4.62 €3 4 Rkl 22 4.5¢4 <.01 <10 1.95 5104 S <.01 3 6950 6982 5 <20 26 <.01 <10 «1 <10 <1 >10000
NOTE: < = LESS TBAN
> = GREATER THAN -?
ECO-TECH TORIES LTD.

TRCKS/8CS

FRANK J. PEITOTTI
B.C. CERTIFIED ASSAYER
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ECO-TECH LABORATORIES LTD.

ASSAYING - ENVIRONMENTAL TESTING

1004+ East Trans Canada Hwy., Kamioops, B.C. V2C 2J3 (604) 573-5700 Fax 5734557

GEQCEEMICAL LABORATORY METHODS

SAMPLE PREPARATION (STANDARD)

1. Soil or Sediment: Samples are dried and then sieved through
80 mesh sieves.

2. Rock, Core: Samples dried (if necessary), crushed,
riffled to pulp size and pulverized to
approximately ~140 mesh.

3. Humus/Vegetation: The dry sample is ashed at 550 C. for 5 hours.

METHODS OF ANALXSIS

All methods have either canmet certified or in-house standards carried
through entire procedure to ensure validity of results.

1. MOLTI ELEMENT ANALYSES

(a) ICP Packages (6,12,30 element).

Digestion

Hot Aqua Regin

I1CP

(b} ICP - Total Digestion (24 element).

Digestion

Hot HC1O4/HNO3/HF

Finish

{¢) Atomic Absorption (Acid Soluble)
Ag*, Cd*, Cr, Co*, Cu, Pe, Pb*, Mn, Mo, Ni*, Zn,

Digestion

Hot Aqua Regia

(d) Whole Rock Analyses,

Digestion

Lithium Metaborate
fusion

Pinish

Atomic Absorption
* = Background corrected




3.

Antimony

Digestion

Hot aqua regia
Arsenic

Digestion

Hot aqua regia
Barium

Digestion

Lithium Metaborate
Beryllium

Digestion

Hot aqua regia
Bismuth

Digestion

Hot agqua regia

Chromium

Digestion

Sodium Peroxide
Fusion

Plourine

Digesation

Lithium Metaborate
Pusion !

ECQO-TECH LABORATORIES LTD.

ASSAYING - ENVIRONMENTAL TESTING

10041 East Trans Canada Hwy., Kamioops, B.C. V2C 2J3 (604) 673-5700 Fax 5§73-4557

Finish

Finish

Hydride generation - A.A.S8.

Finish

Pinish

Atomic Absorption

Pinish

Atomic Absorption
(Background Corrected)

Pinish

Atomic Absorption

Pinish

Ion Selective Electrode



9.

10.

11.

12.

13.

14,

Gallium

Digestion

Hot HCl04/HNO3/HF
Germanium

Digestion

Hot HC104/HNO3/HP

Mercury
Digestion

Hot aqua regia

Phosphorus

Digestion

Lithium Metaborate
Pusion

Selenium

Digestion

Bot aqua regia

Tellurium

Digestion

Hot aqua regia

Potassium Bisulphate

Fusion

ECO-TECH LABORATORIES LTD.

ASSAYING - ENVIRONMENTAL TESTING

10041 East Trans Canada Hwy., Kamiocops, B.C. V2C 2J3 (604) 573-5700 Fax 573-4857

Atomic Absorption

Pinish

Atomic Absorption

Pinish

Cold vapor generation -
a.k‘s.

Finish

ICP finish

Pinish

Hydride generation -
A.A.8.

Hydride generation - A.A.S.
Colorimetric or I.C.P.
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Drill Hole Logs



HOLE NO. TK-91-01 PAGE: 10Fa4
NTS: 83D/1E DATE: COLLARED DEPTH DiIP AZ LENGTH: 319.1m
CLAIM: MGM 4 : COMPLETED 10/14/91 105.1 -70 DEPTH OF OvVB: 18.3m
ELEVATION: 3410’ : LOGGED 10/14/91 3099 -66 CASING REMAINING: 60’
COMPANY: Teck Explorations Ltd. GRID COORD: L5+005,3+08W WATERLUINE LENGTH: 7800’
PROJECT: 1703 NORTHING: LOGGED BY: Craig Alford PROBLEMS:
PROPERTY: MGM EASTING: CORE SZE: NQ
<] R
R €
DEPTH A DESCRIPTION C STRUCTURE SAMPLE ATA RESULTS
(meters) P [+]
H v
| E METALUC
FROM/¥Q® [ R ANGLES VEINS ALTERATION MINERALS (%) SAMP FROM TO LENGTH
Y NO.
0-18.3 - overburden
- large boulders
18.3-19.7 - broken, rubbly mica schist
- fine grained grey to brown
19.7-29.6 - grey to dark grey banded micaceous - Follation = 30°
’ imestone
- anhedra) 0.5-1.0 cm pink gamets
- locally broken rubbly rock from - Minor fold axis
270-27.3mand 28.1-29.6 m a23.7m
- fine grained quartz bands (possibly chert
layers) at 25.3 - 25.6, 26.2 - 26.7,
29.1-294m
29.6-38.0 - fine grained to micritic light grey banded - Foliation « 28°
limestone - Minor fold axis
at 32.3, 35.4 m
38.0-78.6 - fine grained grey 10 dark grey micaceous - Follation » 25°
kmestone - Minor fold axis
- broken rubble at 50.9 - 51.4, 54.3 - 54.9, at 39.9, 438,
720-723,736-742.747-75.2 m 45.3, 726
- chert layers 46.9 - 47.1,47.9- 480 m
- increased peiitic content from 71.2-75.2m




HOLE NO. TK-91-01 PAGE: 20F 4
G R
R E
DEPTH A DESCRIPTION [ STRUCTURE SAMPLE ATA RESULTS
(meters) P o]
H v
I E METALUC
FROM/TO c R ANGLES VEINS ALTERATION MINERALS (%) SAMPI FROM TO LENGTH
Y NO.
786 - - fine grained grey limestone, broken - Foliation = 35°
156.1 - rubbly sections from 82.2 - 87.8 m
- unit possesses 1-3 cm wide chent - Minor fold axis
sections with numerous 0.5 - 2.0 cm dark at 107.6, 109.4,
fine grained clasts from 121.8 - 124.9 140.0, 144.1,
- section from 138.4 - 140.8 contains 145.5, 149.5,
Qreater percentage of very fine grained 150.2
dark peiitic material
- larger fold axis at 146.8 unit nearby is
- brecciated and shot with quartz bands up
10 11 cm wide
156.1 - - fine grained dark grey iimestone, - Minor foid axis - locally ron-
168.2 interlayered with 1-10 cm wide quanz- at 157.5, 158.6, carbonate aftered
carbonate bands 161.7, 163.7, rusty brown
- unit has Qreater percentage of mud than 166.3, 167.3 sections
previous units
- rounded dark grey fragments in section
from 156.1 - 162.7
- from 156.0 - 158.1 unit contains 2-3 cm
Quiar fr of
imestone
168.2 - - fine grained grey banded imestone - Follation at 40°
203.2 - Quartz-carbonate bands locally (possibly to core axis
originalty chert) - Minor fold axis
- from 195.1 - 195.7 very fine grained pink at172.2, 179.7,
quartz band 187.1, 194.4,
195.7, 197.5,
199.1, 200.5
203.2- - fine grained garnetiferous imestone - Follation at =
2248 similar to above unit except for presence 40°
of 5-20% 1-2 cm reddish brown subhedral - Minor fold axis
10 euhedral garnets and incresed mica at 221.9, 224.1

percentage brecclated from 203.3 -
208.8 m




HOLE No. TK-91-01

PAGE: 30F 4

[c] R
R E
DEPTH | A DESCRIPTION c | _sTRuCTuRE SAMPLE  DATA_ BESULTS
(meters) P o
H \'
1 E METALUC
FROM/TO c R ANGLES VEINS ALTERATION MINERALS (%) SAMP FROM TO LENGTH Ag Po 2n Ba
Y NO. Qn % % ppm
2248 - - light grey to grey fine grained garnet - Minor field axis - weak chiorite - minor 4201 225.0 225.2 0.2 <01 <0.01 0.01 3380
2334 schist red to red-brown 0.5 - 2.0 cm at 227.4 m pyrrhotite and
gamets compose 5-20 % of unit pyrite
- 14 mm anhedral staurolites occur within
the schist from 226.3 m
- from 225.2 - 225.9 numerous rounded
eliptical inclusions are observed
(cordierate) chiloritized rims
2334 - fine grained grey to dark grey cordierite- - Foliation at 38° - chlorite (weak to - pyrite occurs
236.1 muscovite schist to core axis moderate) in stringers and
- rounded elliptical cordierite with preferred 14cm
dimensionai orientation (P.D.D.) paratiel to subhedral to
the follation euhedral
- garnets compose onty 1-3 % of the unit crystals along
- the core is broken and rubbly from fractures that
235.7-2%.1m paraliel the
core axis
236.1 - - banded very fine grained grey chert with - Minor foid axis - laminate to 4202 246.2 246.7 0.5 8.6 0.76 224
248.0 aiternating 1-15 cm interbeds of mica and at2479m massive bed ot
garnet mica schist (chert dominant) core pyrrhotite,
broken from 236.6 - 237.7 and 241.2 - pyrite and
242.7Tm sphalerite thinly
laminated
sulphides at
247.5-2478m
248.0 - - quartz-sericite schist - Follation at 42° - thinly 4203 2483 2485 0.2 1.1 0.09 .52
264.2 - fine grained waxy ight grey to pale yellow laminated pyrite
- highly with p 0 and sphalerite
- follation defined by sericite. graphite and
pyrite smears and bedding
- 0.9 - 1.0 cm thick beds with greater
top
264.2- - fine grained grey siiceous unit (originally - 1-3 % pyrite 4204 264.2 264.7 0.5 0.4 0.04 0.08
2677 bedded chert) with

nllcoous'pymo unit cbserved in cummins
canyon showing




HOLE No. TK-91-01 PAGE: 4OF 4
G R
R E
DEPTH A DESCRIPTION [ STRUCTURE SAMPLE ATA SULTS
(meters) P [e]
H v
| E METALLIC
FROM/TO [ R ANGLES VEINS ALTERATION MINERALS (%) SAMPLE FROM 70 LENGTH Ag Po 2n
Y NO. an % %
267.7 - - mineralized dolomite horizon - weak silica - thinty 4205 67.7 268.5 o8 0.1 0.03 0.28
2753 - fine to medium grain light grey dolomite laminated to 4206 268.5 269.0 0.5 2.4 0.17 o
- from 274.3 - 275.3 m increased silica and massive 4207 269.0 269.8 08 0.1 0.03 0.05
micaceous percentage sections of 4208 269.8 270.0 0.2 52 0.39 112
sphalerite and 4209 270.0 na 11 25 0.19 0.98
pyrite with 4210 naAa 2720 09 26 0.13 on
minor 4211 2720 2725 05 65.6 422 9.36
magnetite, 4212 2725 2730 0.5 46 0.2 073
pyrrhotite and 4213 273.0 2736 0.6 0.5 0.04 0.07
= Qalena 4214 2736 274 4 0.8 <0.1 0.01 0.01
275.3 - - banded grey to black garnet-biotite schist - Follation at 50°
285.5 (argilaceous) 1-3 cm beds (younging to core axis
uphole) 2nd follation expressed by - 2nd foliation at
preterred orientation of 1-3 mm dark 10° to core axis
rhombal ‘booklets' of biotite (possibly
phiogopite)
285.5 - - fine grained siliceous iayer (quartzite) =1-2 % pyrite
287.7 originally muddy (1-5 %) chert layer
287.7 - - banded sliceous garnet-staurolite schist - Minor fold axis
300.7 - 5-10 cm quartz bands locally at 295.1 m
300.7 - - staurolite-garnet schist - quartz veins at
307.7 - fine grained grey matrix with abundant 301.3 - 301.4,
subhedral staurolite 301.6 - 301.9,
- quartz veins most likely originally cherty 304.0 - 304.2
horizons
307.7 - - sliceous schist
3128 - cherty layers alternating with bands of
garnet schist
3128 - - garnet-stauiolite schist with bronzy mica - thinly 4215 kEN 4 3143 06
319.1 laminated
pyrrhotite




HOLE NO. TK-91-02

PAGE: 10F4

NTS: DATE: COLLARED 10/14/91 DEPTH DIP AZ LENGTH: 572.0m
CLAIM: MGM 8 : COMPLETED 10/24/91 0 -90 - DEPTH OF OVB: 6.1m
ELEVATION: 3120’ : LOGGED 10/24/91 328.3 -89 CASING REMAINING: 20’
COMPANY: Teck Explorations Ltd. GRID COORD: L1+00N, 5+30W 465.4 -68 WATERUNE LENGTH: 9800’
PROJECT: 1703 NORTHING: LOGGED BY: Craig Alford 572.0 -87 PROBLEMS:
PROPERTY: MGM EASTING: CORE SIZE: NQ
a R
A E
DEPTH A OESCRIPTYON [+ STRUCTURE SAMPLE ATA RESULTS
(meters) P o
H v
1 € METALLC
FROM/TO C A ANGLES VEINS ALTERATION MINERALS (W) SAMPLE FROM TO LENGTH
Y NO.
0-61 - overburden
6.1-214 - fine grained grey 10 dark grey sWceous - Folation at 42°
weell fokated micaceous quartzofteidspathic 10 core axis
schist - Minor foig axis
- MONOr 10 trace pyrtte ot14dm
214-228 - banded Lot grey to pink fAine grained
SHCeous ho!izon {originaky chert)
2)6-440 - banded very fine grained to fine grained - Folaton at 33 - - DUTDie tinge to
Qrey 10 dark grey asQIacecus schists 40" to core axis schist (von altered)
(originally argtitte/chert layers)
- fom 43.0 - 44.0 m greater percerntage
chert
440-33)1 - banded dark grey to black fine grained - minor
SiAceous garnet bearing argitite pyrhotite
- layers 1-3 cm thick
- gamets « 0.5 cm dlameter anhedral to
subhedrat
$3.1-819 - banded alternating grey siiceous layers
(chert) and garmetiferous schist
61.9-703 - vary fine grained grey to yellowish white
banded opalescent chert
70.3-73.4 - veary fine grained to aphanitic grey chert
With 5-10 % very fine grained intercalated
mud




HOLE No.

TK-91-02

20F 4

OEPTH

{meters)

FROM/TO

NO-1I9>» 320

DESCRIPFMON

<~IM<cOOMmMD

STRUCTURE |

ANGLES

VEINS

ALTERATION

METALLIC
MINERALS (%)

SAMPLE

FROM

QATA

o

LENGTH

734-T9.0

- garnet-staurolite schist

- cleavege defined primartly by chiorite and
MICAS N grey Mattx wrapping around
Qarnet and stawroiite porphyroblasts

- Fouation at 50 -
557 to core axs

79.8-920

- ine grained grey 10 wane (red) coloured
quartzoteidspathic schist

- UVt is rubbly and broken from 79 8 -
848 m

- pOssitle faut st 80.8 m

- Minos fine grained
disseminated pyrite

92.0-
27

- garmet-staurome schist 0.5 - 10 cm pink
Qarnels and yelow brown stauroMes in
Ane Qrained grey to dark grey biotite and
muscowvite rich matrix, kyanfte and
silimanite occur localty betow 122.0 m

- \ayers of quartzofeidspathic fom 107.7 -
108.7.1338- 1341 m

- amphibole occurs from 225.7 - 223 9.
2311 - 2320, 2393 - 239.6 (mafic b

- Quartz veins fom 926 -932m

- fault Qouge at 127.1, 204 3 m

- Minor foid axs
ot 100.6, 108.2,
132.3. 1424,
1440, 1438,
147.2, 1859,
2246.25) 2

- thindy
laminated
pyrrhotine and
pyrie rom
2249-25.2,
2235 -225.7,
2266 -226.7

a8
4217
@218

850
1781
2717

LR
176 4
2182

0.5
LR}
05

2627 -
263.7

- very fing grauned to aphanitic white to
Ight grey opalescent chert with
interiayered fing grained pelftic material
(50-50 % chert-pestes)

- oM 262.7 - 264.4 m greater % chert

265.7 -
2728

- fine grained t0 very fine grained dark grey
1o black garnetiferous argitite

- garnets are small (2-5 mm) and subhedrel
to anhedral in hebnt

- unft is bedded with layers «0.3-20cm
thick fining upwards (uohole)

- Foation at 40°
10 core axis




e
e
HOLE No. TX-91-02 PAGE: 30F 4
fe] R
R [3
OEPTH A DESCRIPTION [+ STAUCTYRE SAMALE ATA RESULTS
(meters) P o]
H v
' € METALUC
FROM/TO [+ L] ANGLES VEINS ALTERATION MINERALS (%) SAMPLE FROM TO LENGTH
A NO.
2725 - - banced iMerbeaded red-brown biotie - Fotation at 45"
2951 3chst and greemish-grey 10 tan grey chert 10 core axis
- alternating dominance of mica schst and - Minot 10id axie
chert percentage within unit, section from a1 2827
201.5 - 262.3 comans very fine graned
Qanet bearing black argitite
2951 - - fine grained gt grey 10 grey imestone - Follation at 38° - 10 cm pyme
3348 fault bounded to sbove unit foiding on to core axds seam
Deoaing layer scale - Minor fold axds
a1 3142 3159,
3248
3346 - - ine grained banded graphitic imestone - Folation et 45~
rse possesses many minor fokds 10 core ans
- larger ampitude fold axts at 360.2, 382 2,
362.8. 363.9, 3641 m
e - - fine grained dark grey to red-brown - Follation at 55°
400.3 Qarney-biotite schist with up 10 20% 10 core axis
argilaceous componem - Minor foid axs
- 1:2 cm pale pink subhedral to euhedral at 3811, 383.1,
garnets localty garmet boundariew are 3839
diftuse
- schist is weakly breccisted
400.5 - - mica schist with fine grained banded grey
4139 - imerbedded and imercaiated ¥imestone
4139 - - very fine grained 1o fine grained grey to - Follation at 40° - weak siica
4358 Aot grey imestone with varying - Minor foid exds (=10%)
percentage component of locally gamet 14259, 427.4
m

Dearing biotite schist

- rumerous fine grained quarty layers
- minor foid recorded conains biotite
SChist within fts corfines




HOLE No. TX-91-02 PAGE: 4 OF 4
a R
R €
oemn | A oescremon ¢ | smwcume SAMRLE  _DATA_ BESWLTS
(meters) 4 [+)
] \J
[} E METALLC
FROM/TO c R ANGLES VENS ALTERATION MINERALS (%) SAMPLE FROM TO LENGTH
Y NO.
4358 - - Ane grained grey 10 grey-drown Wwrgs - Follgtion at 40° - Minor pyrite
4844 o schist with and 10 core axds
Intercalated very fine grained 10 fine - Minor foid axds
graned imestons at 445.1, 4388,
- numerous 10AATION paraliel Ml white 4T7.0, 479.7,
QU Band OCCUr BWOouQt unit 480.3
- icher #MESIONs sequeNnces OCCr form
438.4 - 441.8, 441.1- 448.5,454.2 -
4570m
- Qanets are pink 10 red-brown and 0.5 -
2.3 cm In lameter
- arger 10id axte 1 473.9 - 475.T m
484.4 - - yolowishgrey Quarnz sencite schiet - Follation at 20°
4838 with thin follation peraliel lsminstions of 10 core ads
Qraphite. pyrite and mangetite
4836 - - S9N grey 10 white marbie 0.3 - 3.0 cm - Folation at 20° - wesk siica - subhedral to 0] w2 3143 0.3
3238 biotite rich bands occwr locally 10 core axs (<10%) ouhedral pyrite
- Follation at 45° occurs in thin
rom 304 m bande
3238 - - interlayered Quarnz sericite schist - Folation at 30° - thin aan 3530 $85.3 0.3
3813 - Qamet schist and chert quarnz sericke - Follation et 20° aminations of «n 560.3 561.3 1.0
schist rom 323.8 - 3263, 330.7 - 332.6, 58S m pyrite and
3427 -548.7Tm - Follstion et 13° pyrrhotite
- gemet-mica schist rom 526.3 - 330.4 ®3590m - paraiel to
- chert-schist Iterbed S33.1 - 542.7, - Minor fold mds folation pyrite
548.7 - 561.3 ot 5433, 348.3. siso ocors
- mardle from 330.4 - 330.7, 332.6 - 3331 554.1 m
3613 - - gamet stauroite schist fine grained witt - Follstion st 28° 4220 800.1 3084 0.3
8720 foated grey unk wan 20 % 0.8 - 1.0 cm "33 m
anhedral to subhedral pink garmets -Folstion s 3°
- $-10 % anhedral brown-yellow stauroites om 571.0 m
- possidie phiogopite (? bronze mica)




=

HOLE NO. TK-91-03

PAGE: 10F5

NTS: 83D/1E DATE: COLLARED 10/25/91 DEPTH DIP AZ LENGTH: 462.4
CLAIM: : COMPLETED 11/02/91 1524 -72° DEPTH OF OvVB: 6.0
ELEVATION: 3110'(947.9m) : LOGGED 11/02/91 3048 -70° CASING REMAINING: 22’
COMPANY: Teck Explorstions Ltd. GRID COORD: L10+005,5+95W 45.9.3 -69° WATERLINE LENGTH:
PROJECT: 1703 NORTHING: LOGGED BY: Craig Alford PROBLEMS: Broken and blocky ground in top
123 m of hole.
PROPERTY: MGM EASTING: CORE SIZE: NQ
[} L]
L] E
OEPTH A DESCRIPTION c STRUCTYRE SAMPLE ATA RESULTS
(meters) P o]
H v
! € METALUC
FROM/TO [ A ANGLES VEINS ALTERATION MINERALS (%) SAMPLE FROM To LENGTH
A\ NO.
0-60 - overburden
60-233 - grey 10 black banded graphitic imestone - Minor 10id axis
- very fine grained muds and graphitic 109 141,
bands up 10 3.0 cm wide in white 10 gt 180
orey kmestons
- COre I1s brohen and rubdly rom 6.0 -
18.7 m
23.5- - grey banded fine grained micaceous - Fosation at 25°
174.7 kmestone, Droken rubbly rock &t 10°-17" from
- ron-carbonate altered rock form 38.0 - 620m
41.7,823-626.67.3-72.2,71.5-81.4, - Follation at
875 -1224m 48°at 124 m
- Minor foid axts
at29.9 423,
69.5,72.7.78.8.
172.8, 1735,
179
174.7 - - i grey to grey fine grained garnet mica - minor
200.8 schist with lesser percernage of pyrmhotte
Intercalated Bmestone
-0.3 - 1.3 cm brown-red subhedral to
eunedral garnets
2008 - - grey banded fine grained imestons - Folation &t 30°
209.7




HOLE No. TK-91-03 PAGE: 20F 5
G A
A E
DEPTH A DESCRIPTION c 2TRUCTYRE SAMALE QATA BESULTS
(meters) P o
L] v
1 E METALLC
FROM/TO [ R AMNGLES VEINS ALTERATION MINERALS (W) SAMPLE FROM T LENGTH
A\ NO.
208.7 - - iMeriayered and intercalated micaceous - Follation et
276.2 imestone and mica schist with gr eater 38°43° AJ P & 2z
percentage of ¥mestone
©1-3 cm wide quariz-carbonate bands
locany (Ppnﬂ) (ppr~) (f?ﬁ}
- brecciated sections rom 211.9 - 212.3,
2248 -220.3.273.4 - 273.9 (possibly a resf
breccia) areas with greater percerntage of
mica shcist to kmestone 242.1 - 243.2.
207.3 - 269.3.273.4 - 274 4
275.2 - - fine grained dark grey mica schist with - Folation at 43" - wash chiorne and
209 3-20 % calcereous matenal - Minor foid axis sericric atered
- 310 mm subhedrai 1O anhearad red #1280 4
garnets often rotated and eiongated slong - UMD erous
fokation mmnor foids from
0.5 - 1.0 cm emptical dark grey 10 biack 2030-2630m
fine grained round inchusions (cordiertte ?) - imertayered
from 286.3 - 289.6 inciusions are with graphitic
Moderately senciic Amestone
2909 - - banded grey to black graphitic imestons
2933 with minor folds throughout unit
2933 - - fine grained dark grey cordierite schist - Follation at 37" &% pyrThote 4223 2933 247 14 0.2 210 n
294.7 - numerous fine grained edigtcal cordierite
porphyroblasts
-0.3-1.5 cm In dameter
- efiptical clasts have long axis paraliel to
the folistion
- matrix Is weahly carbonaceous and mica
rich




HOLE No. TK-91-03 PAGE: 30F 5
a R
A 3
DEPTH A DESCAIPTION c STRUCTURE SAMPLE ATA RESULTS
(meters) P o
] v
) E METALLIC
FROM/TO c R ANGLES VEINS ALTERATION MINERALS (%) SAMPLE FROM TO LENGTH Ag P n
M No (PP hod hd
2947 - iMerlayered gamnet baaring Muscovite - Folation et 40° - disseminated 4224 299.7 3005 08 0.2 )
e SChisl and QuArts sericne schist (mica - 209 toketion at pyme
3Chist dominant) with very weak carbonate 30° gefned by throughout unit
componernt crenutation - - gyrite also In
- unit was probably originally iMerbeded dsseminated thin fokation
cherts and muds pyrtte pesaiel
- layers 0.3 - 1.5 cm thick gamet bearng Ywoughout unit aminations
sectin primarty rom 294 7 - 299.0 m - pyrite also n - pyrThotite and
- garnets ase anhedrel, pale pink and hin folation pyrite in
generally appesr ke they have sufterred parael fracture «8°
myloniztion and retograde laminetions 10 core axs
Mmetamorphism - pyfrhotie and
- Qarnet boundaries &re diffuse and the pytite in recture
Qamets have been rotated and fsttened =8" 1o core
Ot alang foletion, some aimost disappes’ ads
and appear just as & small paie piok 1o
flesh coloured bied (3/t)
3018 - - QUanz-sericite schist - Folistion at 40 - thin 4225 Jag 154 [ 1.4 0.08 0.54
389.7 « fine gramed waxy Dale yeflow 10 ight grey - Minor told axis leminations and 4226 3231 238 07
highly sticeous with sencric Partngs at 302.2. 309.3. banas of pymie. 27 3241 3250 09 211 2.18 132
- well fokated, follation oefined by seriche 3103, 3106, pymhotie, 4226 3253 326.2 07 33 0.41 1.54
and occassionsl graphite and pyrite 3121, 1258, sohalerite end 4229 3283 3289 06 19 0.17 0.26
smears 3128, 3128, minor galena 4230 3323 3327 04 e 3.08 '
- paie Dink retrograde deformed gemet 3138, 3228, 4231 K kR 838 07
bearing mica schist sections from 303.8 - 323.8. 326.9. 4232 3841 38%.) 10
307.7, 308.5 - 308.7, 309.5 - 310.8 327.4,327.9, 4232 3870 879 08 0.7 0.51 22
{numerous gamets Cefine S* fokation 326.6. 337.1, 4234 7.9 308.4 05 70 a.26 1.6
about minor foid ans) 312.4 - 313.4, 341.0, 352.0, 4235 388.4 309.1 (R 13 0.04 on
317.4-317.7, 219.1 - 319.9. 338.7 - 138.8, 3323, 3547,
339.4 - 340.0, 333.0 - 3539 335.4, 361.7
- QUArtZ rich sections occwr locsly
389.7 - - fine grained to medium grained creamy - Follgtion at 23° - stockwork
922 white 10 kght grey mottied weakly pyr™hotihte and
brecclated dolomite minor pyrite
- Qrey wisps interstitial between cracked
dolomite
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a L]
L] 3
OEPTH A DESCRIPTION c STRUCTYRE SAMPLE DATA BESULTS
{meters) e o
) v
| € METALLC
FROM/TO c R ANGLES VEINS ALTERATION MINERALS (%) SAMPLE FROM T0 LENGTH Ag 2 Zn
Y NO. [T % %
392.2- - Ught grey siiCEOUS peitic schist eith inter - Follation at 30° - weak Calcareous 4238 396.2 3966 04 8.2 0.38 1s2
984 bedded sugary white imestone - Minor fold axis - wask sericitic
- Umestone lsyers from 394.6 - Y94 8, ot 3924, 395.2m
396.0 - 396.1, 396.6 - 396.9, 397.0- 7. 7m
(IMerbedded with schist)
- QUarZ band with galena In wisps end
aggregates from 396.1 - 398.4 m
964 - - moftied Agit grey weakly brecciated - stockwork a3 399.7 400.) 06 0.7 0.03 0.28
401.1 dolomhte PyrThotite
4011 - - SENCIIC SUiCeous PeHtic schist much khe - Folation at 40°
403.0 unit rom 392.2 - 398.4 m, however, sightty
reater percerage of Quarts sericRe schist
403.0 - - banded gray t0 blach argfaceous gamet - Antfform axds st - wask 10
404 8 schist (footwal rock) 4038 m moderate chiore
404 6 - - SeriCIC siiceOus DeNtiC schist same unit
404 8 a3 401.1 - 401.0 the unit Is foid bounded 10
ADOVE Wt With garnet schist in an
antiformal axis with ssicious schist folded
about it
404 8 - - mottied Aght grey weakty brecclated
403.0 dolomite, « 5 cm of sericitic sliiceous
schist et bottom
403.0 - - banded grey t0 black ergMacecus gamet
08.3 schist
- 10id axis In center of unit
403.3 - - sericiic siiceous peitic schist
407.2
“07.2- - mottied Sgit grey weskly breccisted - Stockwork a8 4079 408.5 06 06 <001 0.0s
w97 dolomite pyrhotite
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a R
A E
OEPT™H A DESCRPTION c STRYCTYRE SAMPLE ATA RESULTS
(meters) 4 o
H v
| E METALLIC
FROM/TO [ A ANGLES VEINS ALTERATION MINERALS (%) SAMPLE FROM TO LENGTH
Y NO.
409.7 - - ¥ght grey fine grained Quantz sericte - Folation at 43"
4181 schist - Minor fold axte
- fine grained derk pelitic materiel and 814123, 4133,
retrograde deformed parnets fom 410.1 - 4158 m
4105 m
416.1 - - interlayered muscovite schist and quartz - Folation at 43" week chiorte
423.3 sericite schist (mice schist dominant) - Minor foid axts
- Increased content of dark peiftic material at417.), 4178,
(retrograde gamets and asgikaceous 4186, 419.7,
compone) rom 4214 - 423.3 m ANSm
4233 - - banded QUartz sericite schist to chert - Follation at 48" - pyrite on
4410 bands - Minor fold axis tolation
- InCreased peltic content from 4236 - a1426.8, 4270, - paraliel
426.1,433.4-4339m 420.3 (\wrger), factres
- lower helf of this Ut may be footwall 4311, 415m
siiceous sericitic peftic schist (dolomite
unit absent)
4410 - - banded grey 10 black garmet schist
4417
4417 - - grey opalescent chert
448.) - sOme Qarnets within urit st lower comact
448.3 - - Aine grained dark grey gamet-stauroiite - Folation at 40°
482.4 schist - 2nd fokation et
2

- abundance of staurolites INCreases with
depth

- bronze mica occurs throughout unit
(phiogopite 7)
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HOLE NO. TK-91-04 PAGE: 10F6
NTS: 83D/1E DATE: COLLARED 11/03/91 DEPTH DiP AZ LENGTH: 1707 (520.3)
CLAIM: : COMPLETED 11/11/91 500’ -70° 35 DEPTH OF OVB: 6.0m
ELEVATION: 2990°(911.3) : LOGGED 11/11/91 (152.4) CASING REMAINING: 6.0m
COMPANY: Teck ExplorationsLtd GRID COORD: L18+745,7+06W 1000° -70° 35 WATERUNE LENGTH:
PROJECT: 1703 NORTHING: LOGGED BY: Carol Lomand (304.8) PROBLEMS: Clutch Repairs
PROPERTY: MGM EASTING: CORE SIZE: NQ 1597 -70° 35
(517.2)
qQ A
R E
DEPTH A DESCRIPTION c STRUCTURE SAMPLE DATA RESULTS
(meters) P [o]
[ v
| € METALLC
FROM/TO c A ANGLES VEINS ALTERATION MINERALS (%) SAMPLE FROM TO LENGTH
Y NO.
0-8.1 - overburden
81-78 - gamet schist - Follstion st 63° - waah siiceous
- weil follated thinly banded Nght grey with localty
dark grey bands garnets < 1.0 - 2.0 mm - seriche on
- diffuse euhedrel grades to wine coloured fokation pianes
unit
7.8-40.2 - banded Mgt grey chert layers 10 wine - seriche wesk - firve grained
coloured garnet mica schist - graphits flechs o pyrite/pyrrhotie
- thinly banded interbeds of pefitic material 1IN on Wractured
- serickec with dark grey micaceous leyers ron oxde staining | surtece ana
o n chert - 505165 on fractured follation plane
layers surface
- core broken from 116 - 140 m - revograde
- core broken and discoloured from 9.9 - gamets (7}
140.21.8-229.303-310m - weak sliceous
- Increased peiic layers down hole 15.8 - - Follgtion at 70" seriche on
16.2,16.7 - 16.9, 19.0 - 20.4, 24.3 - 28.4, fractured/iodation
35.8-375,.296-403m planes
- white to light grey effervesces weakly - dmey
with thin grey bands - wesh ron owde
- lametias « 1.0 - 2.0 mm wide 18.2 -
18.7m
- broken cramy coloured cherty interbeds
375-396m
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DESCRPTION _STRUCTURE SAmeE ATA

(meters)
METALLIC
ANGLES VEINS ALTERATION MINERALS (%) SAMPLE FROM TO LENGTH
NO.

AN-IXITvov>» DO

FROM/TO

<~<yPM<cOonm>D

40.2- 442 - NerTOw Interbeds « 2.0 m BQIt grey thinly - $05160° - Nmonftic staining
banded peWtic material with cherty sectiom - sercie on
broken and fractured Fectured/fouation
- fine to Moderate grained weakly planes

eflervesces iocaly - race fine grained
- biotite in matrix biotie (phiogophe)
- conmact sharp with biotite alsseminated In

44.2-743 - NAITOw interbeds « 2.0 m with gt grey - Fokation at 58" - WmonficAron - trace

thinly bended cherty layers iercalated omde staining pyrite/pyrrhothe
peitic matenial - seriche on foletion

- cherty sections broken sericite on - gamets 1-3 % planes
fractured surtace and fokation pianes pink

- biotite In matrx and as slongstea - weak siiceous
porphyroblasts 47.1 - 47.5 m rading - weak epidote
downhole

- garnet biotite schist. dark grey to black,
biotite pressure sohTON around gamet,
Qamet diffuse euhedral to sub euhedral ¢
1.0 mm sze band 8.0 cm. 47.3 - 48.1,
495 - 310

749 - - thinty banded well folated chert - Fractwre 0° - seriche on
100.3 - brown to wing Coloured pefftic rich layers - S05162° follstion planes
- biotite altered with fractured parafiel 10 - biotite

core axis annesled With Quartz carbonste - carbonate
als0 altered bisaching ¢ 2.0 mm around Querte
fractre 78.3 - 95.9 - chiorite on

- white t0 grey sificecus leyer quertz follation planes
feidspar schist, some fght grey nastow
GiscOMINUOUS bands and Wisps locally »
1.0mm, 69.5-90.9.96.1-99.8 m

- locaity quartz flooded white bull quartz
bands paraiel to folation = 1.0 cm

- blotite aiong sharp margins at 92.5, 92.9
and 94.5

- narrow band garnet biotite schist 73.0 cm - 5051627
- blotite rich at uoper comact, sharp lower
comact 95.9-96.1,97.8-98.2,99.2-998




HOLE No. TK-91-04

PAGE: 3 0F 6

(meters)

FROM/TO

O-IvV>»3D30

DESCRFTION

<mmMm<OOm»®

ANGLES

VEINS

ALTERATION

METALUIC
MINERALS (%) SAMPLE

FROM

ATA

LENGTH

100.5 -
109.1

- garnet biotite schist with interbeds of
thinly banded chert

- schist wine coloured, well follsted

- biotite n blebs and slong tollation planes
- garnet in euhedral and subevhedral, pink
ang ofuse

- garnet « 33 %

109.1 -
o

- Charty imerDeds wek banced

- thinly banded core varies rom wine-
brown 1o dark grey-brown

- gt grey and Cream interdeds at 111.9 m
- ight grey-white beds contain kgt grey
elongate flakes paraiel to follation «
1320 % over 1.0 m

- core broken and fractwed 114.9 - 115.4;
1185 - 1197 m

- biotfte rich peintic layer, sharp comact
with imey white 10 Qrey. green-grey unit
thinly banded eftervesces weakly 119.9 -
1270m

-5,5,60°

1210-
1271

- thinly banded sericitic chert kgt grey-
reen with taupe (HgM brown) interbeds
peitic rich layers dask brow 1o black

- some soft sedment deformation features
©dibRed locally on small scale

- units grade JOwn hole 10 dark brown,
winered 10 Qreen-brown with fewer chert
layers

- ‘garmnet ghosting’ localty large gamet
porphyroblasts s 1.0 - 2.0 mm « 1-2%

-8,5, 60°

- weah sevicile

- blothe

- weak carbonate
on follation planes

1279 -
250.2

- banded imestone grey to ight grey

- fine Qrained MICACEOUS WIth NaITOW grey-
white bands

- grades to brown-grey to ¥ght grey
speckied folated imey unit

- graphite flicks in imestone = 1-3 %
pevaliel 1o follation

- rounded chert fragments iocally elongate
oM orey disseminated over 20 m « 2-3%
- 1335 - 139.0 m speckied schist

- blotie rich spots with siiceous

-$,5,80°

- Minor fold exis
1 100.6; 165.4;
167.8

- Fokation et 33
- Minor fold axis
13837m @S,

4.1 m@8Y;
2456 m

- weah carbonete

- weak siicite
- wesk Chiorite

-@2389-3
cm band
brown-yellow
mics with

pyrite/pyrrhotite
-50%
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DEPTH
(meters)

DESCRIPTION

METALLIC
ANGLES VEINS ALTERATION MINERALS (%) SAMPLE FROM TO LENGTH

0O=-XI9V>»D0

FROM/TO

«PMcCcONMD

23%0.2- - grey to dark grey fine grained gamet
2670 biotite schist locally anhedral dfffuse
gamets « 0.5 - 1.5 cm red-brown
- some diffuse stauroite
- ouertz banaing localty « 1.0 cm to 10.0
cm
- rounded dark grey to blach fragmernts
0.3 - 1.0 cm rounded to empticel
* - some evidence of boudains
- thin section analysis Indicated thise
porphyrobissts 10 be cordierite

2670 - - dark grey intercalated and iterbedded - Foid axis -
203.7 mica schist with imestons weakly anttorm 280 8
sliceous iocally - Syn 2619

- Fold axts 262.8
- Antiform 2831
- Syn 2815

203.7 - - speckied gamet mica schist with - Fohation at 80~
294.7 iMercalsted fine grained Imastons with
affuse euhedral 10 subhedrel garnets

- becded on scale of 1.0 cm matrix dark
grey Ane grained and wed metamorphised
spechiess « 23-30 %. 1.0 - 20 mm

294.7 - - gt grey banded imestone fAne grained - Fokation 60° - lower contact - préogophte
e with quartz bands 090" band 20 cm
concordant with follstion - upper comact wWIth minor

- 13 cm wide band phiogopite 302.9 040" pyrrhote/pyrite
- aark speciiess « 1.0 - 2.0 mm elongete atI0eSm
paraiel with follation 3-$ %, 308.0 - 311.3m -2.0cmband

- quarnz banding_« 3-5 cm concordert phiogophte
with follation = S/metre 311.5 - 319.1 pyrrhotite/pyrite
- Qouge zone at 319.7, 30 cm wide at380.4 m

- core marbled 313.0 - 320.0 m quartz vein
0.63 m gt 321.9 sharp contact

- large Wathe shped Imestone fragments ot
upDeT coMact of quanz vein

- core brecciated withetongate laths
rotated and banded Aimestone dark grey -
bisch spechies ¢lonQats 10 rounded
inCreasing In abunaance down hoie 322.8 -
IN8m
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DEPTH
(meters)
<) R
A €
FROMTO | 5 DESCRPTION c _STRUCTYRE SAMPLE ATA RESULTS
P o
H v
! E METALLC
c R ANGLES VEINS ALTERATION MINERALS (%) SAMPLE FROM TO LENGTH
\ NO.
e - interbedded imestone and more peNtic
36 fich spechied layer - minor
- band of phiogoofte = 10.0 cm wide at pyrrhotite/pyrite
334.3 in speckied imey schist
346 - - banded fine grained light grey imestone - Minor 10id axis - Manor fold axis
3res brecciated as above imerbedded with a1 340.5, 342.2. ot 367.1, 3736,
banded micaceous imestons 343.7, 3488, 373.3, 373,
350.0, 352.9, 3726. 3739,
361.4, 365.0, 7TO0m
369.6. 368.3.
368 1. 367 5 m
re.3 - - banded and brecciated mestone as - Minor fold axs
420.3 above with intercalated interb edded gamet ot 380.2. 3800,
mica schist with minor biotite 387.8.387.1,
- Qarnets arge euhedra diffuse ¢ 1.0 cm - 306 6, 388 2.
30cm 308.0. 389.0,
- minor staurciite locally 943 m
- phiogopite laths paraiel 1o fokation - Foltation et 70°
- limestone comains bands of quanz 1.0 - - Minor foid axis - micacecus - minor fine
10.0 cm at 395.0. 395.9. gramed
- locally imestone Sght grey to dark grey 4140, 4138, - weah siiceous pyrrhotite
With narrow dark grey bands 413.6, 4113, localy asseminated
- brecciate comains dark grey rounded to 4131, 4275,
few 9 427.3, 4250,
- £ garnet ‘ghosting’ reaction rims around 4252 m
lerQe garnets
- imestone iMerbeds decrease down hole;
gernet mica schist st 392.1 - 428.0m;
40 cm quartz band et contact et 423.5 -
4283m
- gasnet mica schist with 3.0 cm gamet - Follation at 63"
subhedra rotated atemsting dark brown
bands - fne grained
- breccia comains zone of speckiess, -Comactat 73° pyrThotite/pyrite
30Me with caicareous cores J0-40 cm on foliation
{cordierite) comact sliceous with derk planes

grey to black micas
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OEPTH A OESCAIPTION [ STRUCTYRE SAMPLE ATA RESULTS
(meters) L4 o]
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] E METALUC
FROM/TO [ R ANGLES VEINS ALTERATION MINERALS (%) SAMPLE FROM TO LENGTH Ag o Zn
M No (3/t) kol *
42085 - - QUEnz sericte schisy, kght grey to dark
462.4 grey imercsiated cherty waxy yelow bands -5/5, 107
- ¢iongate diffuse pink garnets some peltic
iMerbeds dark grey 1o black more - mica graphite
micaceous flecks of graphite localty -0.35 m band 144239 441) 4018 0.5 em 8.0 0.76 582
- QUANZ sencite schist pyritic on foliation - Fokation at 72° pyrrhoute
planes 452.4-4529m minor
- band of dolomite breccis marbied cream sphalestte pyrite
white and white 441 45 - 441.7 m with stockworking
waak caicareous fragments dark grey to pyrThotite &
black ovel elongated (speckies) %
- band of pyrrhotite > pyrite » sphalerfte « - Folation st 60" - fine grained
2.0 mm paratel 10 fokston pyritic pevaliel
- sacchvoidal, sliceous kmestone marble to follstion
banded laminsted « 1.0 mm fing 481.9 - race galena
4824 m
482.4 - - dolomite breccia kgt grey 1o white - fine grained
4548 pyrtte
dsseminsted
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Sample 1 Cordierite-Muscovite-{Quartz-Biotite-Pyrite-Ankerite)
Schist; Calcite vein

Complex, in part concentrically zoned porphyroblasts of
cordierite are set in a well foliated groundmass dominated by
muscovite., Many porphyroblasts contain patches with relic textures

indicating replacement of a tightly-folded rock. A few segregation
lenses and patches are dominated by quartz with locally abundant

biotite, ankerite, and/or muscovite. Minor minerals are biotite,
pyrite, ankerite, Ti-oxide, and zoisite, and trace minerals are
chlorite and tourmaline. At one end of the hand sample is a
calcite-{quartz) vein.

cordierite 56-55%
muscovite 3p-35
quartz 4- 5
biotite 2- 3
pyrite 2- 3
ankerite/dolomite 1
Ti-oxide ¢.5
zoisite 6.3
chlorite trace
tourmaline trace

Porphyroblasts averaging 2-5 mm in size are complex intergrowths
of cordierite., Early-formed(?) patches averaging #.2-1 mm in size and
locally up to 2 mm across have finely laminated twins, and resemble
plagioclase., Some of these form large cores of porphyroblasts,

Many of these contain abundant equant inclusions averaging 9.62-9.063
mm in size of quartz. These are the paler colored cores of the
"ovoid patches" seen in hand sample. 1In some porphyroblasts they
are are replaced irreqularly by aggregates of fine to medium grained
cordierite, commonly with strongly interlocking grain borders, and
locally showing weak lamellar twinning. Elsewhere they are

rimmed by similar material. Most of this "secondary" cordierite has a
prominent, relic, tightly folded texture outlined by thin trains of
semiopaque (Ti-oxide), which indicates that cordierite formed by
replacement of a tightly folded rock rich in phyllosilicates. These
inclusions give this cordierite a darker grey color. Cordierite

is altered slightly to very fine to extremely fine grained
muscovite/sericite, Some porphyroblasts contain moderately abundant
disseminated flakes of muscovite averaging 9.1-8.15 mm long oriented
parallel to foliation; this muscovite probably is of metamorphic:
rather than replacement origin.

Muscovite is concentrated in patches and seams between
porphyroblasts, and shows a moderate to prominent foliation which is
warped slightly around some porphyroblasts., It forms slightly
interlocking aggregates of flakes averaging #.1-#.2 mm in size, and a
few up to 4.5 mm long.

Quartz is concentrated in a few lenses and seams averaging
#.5-1.2 mm wide as very fine to fine grained aggregates. 1Intergrown
with quartz is minor to moderately abundant biotite, muscovite, and/or
ankerite/dolomite,

Biotite is concentrated moderately in a few layers, mainly at one
end of the section as ragged flakes averaging 9.1-6.3 mm in size
interstitial to cordierite, and subhedral flakes intergrown with
quartz. It forms a few porphyroblasts in cordierite, which appear to
have formed after cordierite. Pleochroism is from pale to light
yellowish brown,




Sample 1 {page 2)

Pyrite forms irregqular patches up to 1.5 mm in size; in part it
may have formed by replacement of Ti-oxide. It alsc occurs as
discontinuous veinlets up to 6.87 mm wide in porphyroblasts,

Ti-oxide forms irreqular to skeletal patches averaging 8.2-6.7 mm
in size, commonly enclosed in porphyroblasts.

Ankerite forms ragged patches of very fine to fine grains
concentrated in a quartz~ankerite segregation lens at one end of the
section, and forms extremely fine grained seams and discontinuous
veinlets elsewhere in the rock.

Zoisite forms a few ragged to subhedral grains averaging
2.3-9.6 mm in size,

Chlorite forms a few patches up to 8.3 mm acress of pale green
flakes,

Tourmaline forms scattered, subhedral, prismatic grains
averaging 0.1-9.12 mm long. Plecchroism is from pale to light or
medium yellowish green.
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INTRODUCTION

A large loop time domain electromagnetic (UTEM-3) Borehole
survey was completed by SJ Geophysics Ltd. and Lamontagne
Geophysics Ltd., for Teck Exploration Ltd. on the MGM Property.
The MGM property is located north of Golden, B.C.,on the east side
of Columbia Reach and south of Cummings Arm in the Golden M.D., of
B.C. (N.T.S. 83D/1).

The purpose of the survey was to search for massive sulphide.

DESCRIPTION OF UTEM SYSTEM

UTEM is an acronym for "University of Toronto
ElectroMagnetometer® . The system was developed by Dr. Y.
Lamontagne (1975) while he was a graduate student of that
University.

The following is a short description of the UTEM system used in
the field. A paper (A time-domain EM system measuring the step
response of the ground) by G.F. West, J.C. Macnae and Y.
Lamontagne, giving a more complete description with an overview of
interpretations is located in Appendix IIT.

The field procedure consists of first laying out a large loop,
which can vary in size from less than 100M X 100M to more than 2Km
X 2Km, of sihgle strand insulated wire and energizing it with
current from a transmitter which is powered by a 2.2 kW motor
generator. During a surface survey the lines are generally
oriented perpendicular to one side of the loop and surveying can
be performed both inside and outside the loop. For Borehole survey
the sensor coil is placed down the borehole measuring the axial
component of the electromagnetic field from a minimum of 2
separate loops.

The transmitter loop 1s energized with a precise triangular
current waveform at a carefully controlled frequency (30.97 Hz for
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this survey). The receiver system includes a sensor coil and
backpack portable receiver module which has a digital recording
facility. The time synchronization between transmitter and
receiver 1is achieved through quartz crystal clocks in both units
which are accurate to about one second in 50 years.

The receiver sensor coil measures the vertical horizontal, or
axial magnetic component of the electromagnetic field and responds
to its time derivative. Since the transmitter current waveform is
triangular, the receiver coil will sense a perfect square wave in
the absence of geologic conductors. Deviations from a perfect
square wave are caused by electrical conductors which may be
geologic or cultural in origin. The receiver stacks any preset
number of cycles in order to increase the signal to noise ratio.

The UTEM receiver gathers and records 10 channels of data at
each station occupied. The higher number channels (7-8-9-10)
correspond to short time or high frequency while the lower number
channels (1-2-3) correspond to long time or low £frequency.
Therefore, poor or weak conductors will respond on channels 10, 9,
8, 7 and 6. Progressively better conductors will give responses on
progressively lower number channels as well. For example, massive,
highly conducting sulfides or graphite will produce a response on
all ten channels.

The Borehole system consists of a normal surface UTEM-3
transmitter and receiver along with special receiver coil {1 1/4"
in diameter). The coil is connected to the receiver through a
controller and fibre optic cable.

FIELD WORK

Syd Visser (chief geophysicist), Chris Basil, (operator), both
with SJ Geophysics Ltd., and the equipment were mobilized from
Cranbrook through Golden to Columbia Reach and by barge to the
property, on November 8, 1991. The work on the MGM property was
completed between November 8, 1991 and November 14, 1991. The
survey area were accessed daily by truck with chains on all 4

1
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wheels because of the wet snow. The crew and egquipment was
demobilized on November 13, 1991 by barge to a landing near Mica
Dam and then by rocad through Revelstoke to Vancouver on November
14, 1991.

The field parameters and local geology were discussed in the
field with geologist (Gregg Thomson, Carol Lormand and Craig Al-
ford) employed by Teck Exploration Ltd., before commencing the
survey and during the survey period.

All the personal helped to lay out the two loops regquired for
the Borehole survey. The snow conditions and steep topography
forced us to locate the loops between two accessible logging
roads. Teck personal agreed to take responsibility of the removal
of the wire at a later date since it was almost impossible to re-
cover due to the present weather conditions. The wet weather, near
freezing temperatures along with the barge ride and damp propane
heating in the accommodations were the likely cause for the major-
ity of the equipment problems causing the loss of approximately
one-half day production and long work days. Even the computer did
not operate properly until it was dried for 3 days.

The first production day November 9, 1991 was used to lay out
the two loops and prepare the eqguipment. Boreholes TK-91-01 (BH-1)
and TK-91-02 (BH-2) were dummy probed on the second day. BH-1 was
blocked due to excessive grease in the hole. An additional attempt
was made by adding weight to the dummy probe with little success.
BH-2 was surveyed on November 11, 1991. Borehole TK-91-04 (BH-4)
was dummy probed before moving the drill and successfully surveyed
that evening after repairing the equipment. Fuel o0il was pored
d0wn BH-1 and attempts were made to enter the hole again on
November 13, 1991 with no success. The diamond drillers informed
us that borehole TK-91-03 was blocked therefore no attempts were
made to survey it.
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DATA PRESENTATION

The results of the 1991 UTEM survey are presented on 4 data
sections along with 3 computer generated models (FIG-1 to FIG-3)
and 2 vector plots (FIG-4 and FIG-5)

Legends for the UTEM data sections are also attached (Appendix
II).

In order to reduce the field data, the theoretical primary field
of the loop must be computed at each station. The normalization of
the data is a follows:
aj For Channel 1:

% Ch.l anomaly = (Ch.1 - PC )/PT X 100

Where:

BC is the calculated primary field in the
direction of the component (axial in borehole)
from the-loop at the occupied station

Ch.1 is the observed amplitude of

Channel 1
PT is the calculated total field
b) For remaining channels (n = 2 to 9)

% Ch.n anomaly = (Ch.n - Ch.1)/Ni X 100

where Ch.n = the observed amplitude of
Channel n {2 to 9)
Ch.l1 for Chl normalized

PT for primary field normalized

- Z 7
non

i is the data station for continuous normalized
(each reading normalized by different primary
field)

i 1is the station below the arrow on the data
sections for point normalized
(each reading normalized by the same primary
field)
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Subtracting channel 1 from the remaining channels eliminates the
topographic (loop and borehole location) errors from all the data
except ch.l. If there is a response in channel 1 from a conductor
{due to a very good or very large conductor) then this value must
be added to do a proper conductivity determination from the decay
curves. Therefore channel 1 should not be subtracted
indiscriminately.

The axial component of the primary field is also plotted on the
sections (the curve without symbols) to determine the direction of
the field in the borehole.

SURVEY PREPARATION

To prepare for the survey it is very important to maximize
the coupling of the primary field, from at least one loop, with
the possible location of the mineralized zone (conductor). The ad-
ditional loops are to maximize coupling with other possible
conductors or to change the coupling of the primary field with the
conductor to aid in determining the location of the conductor with
respect to the borehole. To determine the best location of the
loops with respect to the hole and possible conductors a number
of vector plots are generated. The drill holes and possible miner-
alized zones are drawn on the vector plots to determine the best
loop location. On this property it was determined that placing the
loops between the two logging roads was the best compromise be-
tween maximizing coupling and ability to lay out the loops due to
the topography and snow conditions. The 1loops could likely have
been better located with better weather conditions.

MODELING

VECTOR PLOTS
The wvector plots are used both to determine the best loop loca-

tions for the borehole survey and to aid interpretation. The vec-
tor plots are generated on a computer and are a section, located




6

at any position or angle, that shows the direction and relative
strength of the primary field in the section. The arrows are in
the direction of the primary field and the length of the arrow is
the strength (loglQ), normalized by the current, of the primary
field. The location of the section is marked along the edges of
the section. The location of the loops and boreholes are projected
on to the section with the solid lines showing the portion that is
located to the front of the section and the dashed lines showing
the portion located behind the section. The location of possible
conductors are then drawn on the section by hand to determine the
coupling and the direction of the secondary field. FIG-4 and FIG-5
are examples of vector plots. These plots are vertical sections
through borehole TK-91-04, close to TK-91-02 and through loop-1
(FIG-4) and loop-2 (FIG-5).

MULTILOOP MODELS
Multiloop is a 3D electromagnetic {(EM) computer modeling program

developed by Lamontagne Geophysics Ltd. which models the EM
response of an infinitely thin plate in free space (assuming and
infinitely resistive ground) from a specified source. The thin
plate is divided intco a number of loops (usually 20) within the
plate as shown in the models FIG-1 to 3. A large number of plates
can be used in each model and the mutual inductance between all
the loops are taken into account. This is a inductive response
and any current channeling or response due to a conductive host
rock is not taken into account. The computation time involved in
computing a conductor in a conductive host rock is still
prohibitive.

The programs outputs a 3D presentation showing the location of
the loop, conductor, the survey line (or borehcle) and the EM re-
sponse from the conductor. The thin vertical lines projecting down
from the loops and plate model indicates the distance to the zero
elevation level. The direction shown on the models are grid north

and grid east.




INTERPRETATION

BOREHOLE TK-91-04

There is a weak extensive conductor, with a conductivity of ap-
proximately 10mhos, located between a depth of 480 and 500m depth
in borehole TK-91-04. The sign of the secondary field from the
anomaly 1is the same as the primary field outside loop-1 and
opposite in sign from loop-2 therefore conductor must be located
towards the loop in the north east direction as shown in FIG-3.
The sharp return on the lower end of the anomaly from loop-1 sug-
gests that the conductor is dipping towards the north. The data
from loop-2 confirms the large anomaly but also indicated a small
but very strong off-hcole anomaly located at a depth of approx.
460M. This has to be a small {at least in two dimensions) wvery
good conductor located very close to the borehole and is likely
not seen from loop-1 because of poor coupling. Both of these
anomalies appear to correlate with weak mineralization located
between a depth of 460 and 500M.

The background indicates that the background currents are past
the holes on both loops.

BOREHOLE TK-91-02
The data from the borehole Tk-91-02 indicates a conductive zone

with a conductivity of approximately 10 mhos near the bottom of
the hole at a depth of 460 to 550 m. This conductor <correlates
well with thin bands of graphite and pyrite in the drill hole. The
major part of this anomaly is off-hole and likely to the east and
north as shown on the model FIG-1 and FIG-2 . The same response is
seen from both loop 1 and 2,

A gsurface calibration on borehole TK-91-01 from loop-2 indicated
a positive response therefore this borehole is likely south of or
near the southern edge of the conductive zone. The weak negative
response along the length of the borehole i1s likely due to the
currents flowing parallel to the borehole, along the southern edge
of the dipping conductor. The negative response could also be due
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to the conductor under the loops that 1s intersected in the bore-
hole TK-91-04 but it is likely that this would alsc result in a

negative surface calibration.

RECOMMENDATION

It is recommended to survey the area from the surface with a
time domain UTEM survey before attempting to survey the remaining
two holes. With proper coupling, of the electromagnetic field with
a conductor, a surface survey will be able to located any
conductors with dimension larger than the depth to the top of the
conductor. The surface survey would also give a better indication
of the edges of the weakly conductive horizon and locate areas of
better conductivity within the weakly conductive horizon. The re-
sults from the surface survey would also be very beneficial in
optimizing the loop locations for the borehole survey and to the
interpretation of the borehole data.

The best location, in terms of good coupling of the possible
conductors with the electromagnetic field, would be to place the
loop above (to the east of) the surface trace of the prospective
zone and survey to the west. The line spacing would depend some-
what on the size of conductor and depth of interest but should not
be greater than 200m. Since the weak conductive plate appears to
be terminated in all directions and the dip is close to the slope
of the hill it can be viewed as a relatively flat lying plate. It
is therefore not crucial to locate the loop on the top of the hill
and survey down. A more cost effective method may be to survey
parallel to the hill and therefore utilizing some of the existing
roadways for survey lines. In this case a loop could be place to
the south of or surrounding the survey area. The direction of the
survey could be c¢rucial If it is possible that the good mineral-
ization could be elongated in one direction or the folding 1is
predominately in one direction.

The results of the Max-Min survey should also be investigated to
determine the conductivities of the near surface mineralization.
These results along with all the geophysical and geological infor-




9

mation could be aided with modeling to determining the optimum
loop and line locations locations.

CONCLUSTIONS

There is no indication of any large very good conductor in the
borehole data. Both holes indicate that they are near the edges of
large weakly conductive layers. It does not appear that the con-
ductor is continuous between the holes although not encugh infor-
mation is available to confirm this. There is a strong but very
small conductor located close to borehole TK-91-4.

It is recommended to combine a surface survey (the same equip-
ment is used for both surveys} with any further borehole surveys
in the area to located'any good conductors from surface, to locate

the edges of the weakly conductive zones, and to aid in the inter-

pretation of the borehole data.

Syd Visser B.Sc., F.G.A.C.

/
i

Geophysics LTD.
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I have been engaged in mining exploration since 1968.

I am a Fellow of the Geological Associ;;;za of Canada.
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UTEM SYSTEM MEAN DELAY TIME

Channel Nymber  Delay Time (msec) Symbol
1 12.8 |
2 6.4 AN
3 32 S/
4 1.6 [
5 0.8 AN
6 0.4 L
7 0.2 /
8 0.1 X
9 0.05 AN
10 0.025 O

Base Frequency = 31 Hz
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A time-domain EM system measuring the step response of the ground

G. F. West*, J. C. Macnae*{, and Y. Lamontagne}

L]

ABSTRACT

A wide-band time-domain EM system, known as
UTEM, which uses a large fixed transmitter and a
moving receiver has been developed and used exten-
sively in a variety of geologic environments. The essen-
tial charactéristics that distinguish it from other systems
are that its system function closely approximates a step-
function response measurement and that it can measure
both electric and magnetic fields. Measurement of step
rather than impulse response simplifies interpretation of
data amplitudes, and improves the detection of good
conductors in the presence of poorer ones. Measure-
ment of electric fields provides information about lateral
conductivity contrasts somewhat similar to that ob-
tained by the gradient array resistivity method.

INTRODUCTION

This article describes the design of the UTEM system and its
development at the Geophysics Laboratory of the University of
Toronto by Y. Lamontagne and G. F. West from 1971 to 1979.
UTEM is a wideband, time-domain, ground EM system with a
step-function system response. It was designed to try to achieve
the sensitivity and interpretability necessary to handle prob-
lems of deep exploration, conductive environments, and & vari-
ety of terrain conditions, in an economically viable manner. As
with most EM systems, effective exploration for massive sulfide
ores was the principal objective. The method was conceived in
1971, and the first UTEM 1 instrument was operational in
1972. It was an analog clectronic system, and was used in a

_number of surveys which have been described by Lamontagne
(1975). An improved UTEM II which incorporated a digital
recording system was then designed and constructed at the
University of Toronto with financial aid from a consortium of
mining companies. It was first used in 1976. To fall 1980, about
1000 line-km had been surveyed with the system from 144 loops
in 35 areas. UTEM Il1, which is a microprocessor-controlled
system with expanded capabilities, is now produced commer--
cially by Lamontagne Geophysics Ltd. Some of the field results
obtained using the UTEM Il system have been described in
Lamontagne et al. (1977, 1980), Macnae (1977, 1980, 1981),
Lodha (1977), and Podolsky and Slankis (1979). Data from all

_ three UTEM systems are identical insofar as geophysical

characteristics are concerned. The differences afiect only data
noisc levels and operational convenience. Some of the noise
rejection features of UTEM [T are discussed by Macnae et al.
(1984). ‘

THE UTEM SYSTEM

Design philosophy

UTEM uses a large, fixed, horizontal transmitter loop as its
source. The field of the loop is mapped in the quasi-static zone
with the receiver system; the vertical component of the mag-
netic field is always measured, and in some circumstances the
horizontal magnetic and electric field components may be mea-
sured as well (Figure 1). The size of the transmitter loop de-
pends on the prospecting problem; loops may range from
about 2 km x | km in resistive terrain to 300-m x 300 m in a
conductive arca. Lines are typically surveyed to a distance of
1.5 to 2 times the loop dimensions.

The large loop transmitter-field mapping receiver configura-
tion was chosen in order to give the system the deepest possible
exploration for orebody sized conductors, without sacrificing
the ability to resolve shallower structures (depth <50 m). This
dictates a very large transmitter moment, and makes an ex-
tended source desirable. The virtue of an extended source is
that the coupling between the source and a receiver or the
source and a nearby conductive zone is not so many orders of
magnitude larger than the coupling to a distant receiver or deep
target as is the case with a confined source.

STANDARD MEASUREMENT 1S Hp.
SUPPLEMENTARY MEASUREMENTS
My Hy Eq Ey

FiG. 1. Schematic layout of a UTEM survey.
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FiG. 2. Transmitted and received UTEM waveforms. Note that
the measurement channels are numbered from the latest to the
carliest. Sampling is repeated, with due regard to sign, in every
half-cycle.

Given a large transmitter and a large Tx-Rx separation, it is
inevitable that induction in extensive conductive overburden
and in large formational conductors will contribute more to the
response than with a small scale system. Also, as the separation
becomes larger it becomes increasingly likely that the system
will be responding to several nearby conductors at once. How-

.ever, a fixed transmitter-moving receiver system offers a basis
for separating the signal contributions from the various con-
ductors and resolving the geometry of deep-seated conductors.
"At any time instant, the magnetic field of the current system
induced in the ground is a potential field (within the quasi-
static zone), and if it is mapped on a profile or over a surface,
there is a firm theoretical basis for separating it into parts and
estimating the current systems which caused it. When the trans-
mitter and hence the eddy current system move for cach obser-
vation, it is more difficult to find a theoretical basis for stripping
of responses into component parts.

There are negative aspects to using a fixed transmitter
method. In addition to the aforementioned enhancement of

anomalies due to formational conductors, the transmitter can’ -~

be positioned badly for induction in small plate-like conduc-
tors, and a large good conductor can screen a smaller, shorter
time-constant conductor which lies behind it. For these resons
it may be desirable to have survey coverage f[rom more than
one transmitter location.

The UTEM II transmitter passes a low-l’requcncy current of " -

precise triangular waveform through the transmitter loop. The
magnetic field is sensed with a coil, which responds to the time

1

. STEP PULSE
P _—1;_
Y

NECEMER

con [\
VOLRGE (DI.

TWE CONSTANT

Fic. 3. Comparison of transient signals in step and pulse type

systems.

derivative of the local magnetic field, so in “free space™ a
precise square-wave voltage would be induced in the receiver.
In the presence of conductors the waveform is substantially
distorted. The UTEM receiver measures this distortion by de-
termining amplitudes at 10 delay times (actually, averages over
time windows) which are spaced in a binary geometric progres-

_ sion between the wavelorm transitions. The sample scheme is

shown in Figure 2. Note that the UTEM channel numbers are
conventionally numbered in reverse order of time. This is be-
cause the latest time measurement often serves as a reference to
which the other measurements are compared, whereas the
number of earlier time measurements which can be made accu-
rately may change il base period or instrument bandwidth is
altered. The base frequency of the system is sclectable, usually
about 30 or 15 Hz (25 or 12.5 Hz in countries with 50 Hz
power). A common practice is 10 set the base frequency (adjust-
abie in 0.1 percent steps) about 0.5 Hz from a subharmonic of
the power line in order that power line interference can be
detected by slow beating in the data. The base frequency is
usually set low enough that all ground response has nearly
vanished by the end of the hall-cycle. When this is the case, the
UTEM system determines the step response of the ground in
the time range 25us to 12.8 ms (30 Hz base frequency).

Time-domain systems

Time-domain systems have some advantage over frequency-
domain systems in that simultaneous measurement is easier to
achieve over the whole spectrum and, at the same time, it is
possible to check the phase synchronization of the transmitter
and receiver time bases. Most time-domain systems employ an
on-off type of transmitter current and confine all measurements

“to the ofFperiod, as this automatically separates the secondary

from the primary ficld. However, when a coil is used as a sensor,
the time derivative of the signal is observed. Thus, if the trans-
mitter loop is energized with a step current, lt is the impulse
response of the ground which is observed.

When prospecting for conductive mineral deposits, it is gen-
erally more desirable for interpretation purposes to observe the
step response than any other time response. The reason for this
lies in the characteristics of eddy current’ decay. For the step
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F1G. 4. Standard presentation of UTEM vertical component
magnetic field data.

response, the carly-time limit of response is identical to the
frequency-domain inductive limit, and for a simple conductor
in free space this is a function of geometry alone. For the
mmpulse response, the early time limit is scaled from the step
response limit by the inverse of the transient decay time con-
stant (Figure 3). Thus, the decay rate must first be determined
in order to interpret amplitude information in terms of geome-
try. This may present little difficuity in simple cases, but when
complex or overlapping responses are observed it can be a
serious problem. Also, even in the case of the step response,
overburden anomalies which generally are of short time con-
stant have early time amplitudes which are very much larger
than the anomalies of target conductors with long time con-
stant. Any further amplification caused by measuring the im-
pulse rather than step response is clearly undesirable.

Although a system with a step response is usually desirable
for interpretation purposes, the UTEM system is only one
implementation of such a system. In fact 2 system using a
magnetometer receiver with a square-wave transmitter instead
of an induction coil (referred to as MSW system in the follow-
ing sections) would have an identical system response. The
foregoing rationale of the interpretational advantages of step
response does not consider the other important factors which
enter the design of actual systems such as signal-to-noise (S/N)
efficiency and transmitter-sensor design constraints which in
fact guide the choice of the actual transmitter waveform and
sensor used. This is a complex topic discussed by Lamontagne
et al. (1980). For example, the UTEM I1I system actually uses a
modified triangular transmitter waveform and deconvolution
in the receiver to improve its S/N performance but has a system
response identical to the UTEM I and UTEM II systems
(Macnae et sl, 1984), i.c, a square-wave'response. Thus the
UTEM [/11 systems, the conceptual MSW system, and the

UTEM lII system all make identical measurements although

“they excite the ground differently. To avoid any confusion,

discussions in this paper of actual induced current waveforms
in the ground will be limited to the UTEM system with & purely
triangular waveform and to the MSW system.

The sampling scheme of Figure 2 was chosen so that virtually
all measuring time is utilized and time scaling of the measure-
ments is permitted. In the frequency domain, inductive re-
sponses may be characterized by dimensionless parameters of
the form

which demonstrates that scale changes of conductivity, fre-
quency or (length)? are equivalent to one another. The analo-
gous parameter for the time domain is

6, = opl2ft.

In interpreting frequency-domain data, it is common to com-

azxopare observed frequency response data with dimensionless
“~“model résponse data. This is convenient because it avoids the

necessity of rescaling the model data for all frequencies and
physical scale lengths that might be encountered in the field
cases. The same sort of scaling is possible with time-domain
data, but only if the system function of the apparatus is a pure
discontinuity response. If this is not the case, for instance when
the apparatus has a characteristic ramp shut-off time, model
response curves cannot be rescaled in time to match ficld data
as this would imply rescaling the shut-off time to a value

'different from that used by the apparatus.

To ensure that time scaling can readily be applied to data
that have been sampled and averaged over a time window, it is
also necessary that the window widths be proportional to time
after the discontinuity. UTEM has such sampling. It should be
noted that time scaling may only be applied to UTEM anoma-
lous responses which are short enough so as to have vanished
in the interval between the two successive transitions of the step
which form the square wave.

Data presentation

Because the field intensity falls off rapidly with increasing
distance from the transmitter loop, it is often desirable to
normalize the secondary ficld observations in some manner.
One suitable normalizing factor is the primary vertical mag-
netic field signal (H2). If the positions of the transmitter loop
and the receiver are known reasonably accurately, a calculated
value of H? may be employed. If the ground response vanishes
by late time, the channel 1 measurement is a direct measure of
H?. Normal survey data plotting practice encompasses both
procedures.

Figure 4 is an example of a standard plot of UTEM secon-
dary vertical magnetic ficld data (H?). Channel 1 is plotted as
secondary field (Ch 1-HZYH? (where H? is the calculated pri-
mary ficld) and all other channels are normalized to Ch 1
[(Ch n-Ch 1)/Ch 1] to correct for any position error in calcula-
tion of H” and also to remove the effect of induced magnetic
anomalies (for further details see Lamontagne, 1975). The late
channels on the example plot show a crossover type of anoma-
ly, indicative of a concentration of (changing) induced current,
as will be discussed. The amplitude variation with channel
number indicates that these induced currents are decaying with

=
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time. A small component of response appears to have persisted
to Ch 1 and, for quantitative analysis, it should be remembered
that the data reduction process will have caused subtraction of
this amount from profiles of Ch 2-Cha. On the carly-time
channels, the migration of crossover location from one channel
to another indicates that the secondary current flow at these
times is not fixed in geometry, a characteristic which is indica-
tive of an extensive conductor (here extensive overburden)
rather than a localized conductor such as that responsible for
the late time crossovers.

Since at any delay time, the secondary field is a potential
field, interpretation of geometrically fixed current systems is
best performed using absolute secondary ficlds normalized by
the primary field intensity at a single point rather than continu-
ously along the profile. Although only one case presented in
this paper has this absolute or “point normalization,” recent
routine field practice is to point normalize all survey profiles
exhibiting discrete anomalics, in order to simplify interpreta-
tion.

Horizontal magnetic ficld measurements may be made by
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FiG. 5. Standard presentation of clectric ficld data. The ob-
served component is normalized to the total primary electric
ficld of the transmitter loop. !

reorienting the receiver coil. Normalization is done using the
vertical primary magnetic field (calculated or vertical Ch 1
measurement). Unfortunately, horizontal field measurements
frequently suffer a somewhat higher noise level than vertical
fields, due to the predominantly horizontal orientation of sferic
interference.

The electric field waveform is, like the voltage from the coil
sensor, a square wave if the ground is very resistive. It is
distorted in much the same way as the coil signal when the
ground is conductive. Electric field observations are usually
plotted as E,/Ef—the observed channel voltage between the
tlectrodes divided by the maximum expected late time voltage
between clectrodes at the observation point in any horizontal
direction, ie., E} = (E2* + E?Y)'/2. “Expected™ here refers to
the electric field produced by a loop on a laterally uniform,
resistive half-space. This normalization facilitates intercom-
parison of x and y component data. The geologic noise level in
electric field data is usually high, so plotting on expanded scales
is rarely justified. All channel data are usually plotted on the
same axes, as shown in Figure 5.
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FiG. 6. Vector plots of late time electric field. (a) Direction
information only. (b) Showing direction and intensity of the
primary field.
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The reference state for electric ficld data is usually described
as a “laterally uniform, resistive half-space,” rather than free
space. By resistive is meant a case where all inductive transients
bave died out. The free-space electric field of a horizontal loop
is horizontal, so introduction of a resistive half-space does not
affect the field. However, for any other orientation of the trans-
mitter loop or the earth-air interface, the free-space electric field
will be directed across the interface and a strong distortion of
the field will occur. Since the conductivity of air is virtually
zero, the earth-air interface almost always has a high conduc-
tivity ratio, even if the earth is resistive in terms of induction.
The charge which arises on the interface essentially doubles the
vertical component of the E field in the air near the boundaries
and annuls the vertical component in the ground. Thus the E
field in the ground is (almost always) virtually borizontal. The
nomenclature for the reference state serves to remind one that
the earth-air interface has an important role in the physics of
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the electric field and is always assumed to be present, but no
lateral inhomogeneity or induction is permitted in the reference
model.

The electric field of a heterogeneous, conductive earth does
normally become constant at late time, as the EM transients
vanish. At the same time, the rate of change of magnetic field
becomes constant. However, the observed late-time E limit is
usually found to be different from the free-space or uniform
resistive hall-space value, due to lateral inhomogeneity of the
carth’s conductivity structure. The late-time electric field
around a loop greatly resembles what might be seen in a
gradient resistivity survey. The field weaves about, deflected
around the more resistive areas and through the more conduc-
tive ones. A vector display of the late-time E field is an interest-
ing reflection of the relarive conductivity of various parts of the
ground. It is impractical to plot the unnormalized E vectors,
since the true field intensity falls off rapidly with increasing
distance from the loop. The lengths of the plotted vectors are
therefore proportioned to the normalized field of the loop, as
for profile plots. Vector plots of the free-space field of a loop are
shown in Figure 6. Examples of field data arc given in the
following section.

Errors caused by the presence of EM noise or by poor
geometrical control are discussed for the magnetic (H) field case
in Lamontagne (1975). For the electric (E) case, details of the
measurement and sources of error are discussed in appendix G
of Macnae (1981). As in the dc resistivity methed, topographic
features can seriously distort local electric fields, and local
conductivity contrasts such as overburden patches and miner
lithological changes can have quite large effects on the ampli-
tude of measured E fields.

INTERPRETATION

We shall describe briefly the responses from a number of
simple geelogic models and how these can be identified and
interpreted.

Layered earth responses

The problem of EM induction in a layered earth is very well
treated in the literature, particularly for frequency-domain sys-
tems (e.g, Wait, 1962). Time-domain cases have also been
studied for some specific problems, for example the infinite thin
sheet was solved by Maxwell (1891) and the half-space response
is discussed by Nabighian (1979). A general, layered earth solu-
tion for UTEM geometry and waveforms was given in Lamon-
tagne (1975). Figure 7 shows three examples of computed re-
sponses [or different layer conductivities. Figure 8 shows three
examples of a thin layer at different depths. There are several
common characteristics of layered earth responses. The shapes
of the anomalous profiles are generally similar, becoming
broader at later times. The migration of crossovers with time,
with positive lobes toward the loop and negative lobes away
from the loop, seems to indicate that the induced current
system is migrating away from the loop. This is the type of
behavior described by MNabighian (1979) as an expanding
smoke ring.

If the UTEM system employed a magnetometer as receiver
and a square current waveform in the transmitter, the smoke
ring analogy would be exact, as the crossovers would indicate
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the position of the main current concentrations. However, the
UTEM receiver is a coil which is sensitive only to dH/dt, and
thus to the rate of change of induced and transmitter loop
current. Thus the moving pattern of crossovers is actually
indicating outward migration of changes in the induced current
pattern. Toward the end of each half-cycle, the induced current
system at any point in the survey area tends to a constant value,
as indicated by the electric field measurements, but this steady
current is invisible to the coil receiver.

When interpreting UTEM magnetic field data, it can often
be simpler to think of the data in terms of the magnetometer
Teceiver, square-wave transmitter current (MSW) analogy. Be-
cause the analogy is exact for a linear process like EM induc-
tion, there is no approximation in using it. It is very convenient
" to think of the field measurements of secondary signal at any
delay time as describing the Biot-Savart magnetic field of a
changing and decaying (analogous) induced current system.
However, when electric field data are being analyzed and com-
pared with magnetic field (dH/dr) data, it is necessary to revert
to the true picture of the induced currents (or take a time
derivative of the E data) to maintain a consistent relationship.
UTEM magnetic field data are usually symbolized as H7; (al-
phabetic subscript = component direction, superscript = p pri-
mary, s secondary, T total, numeric subscript = channel
number) to accord with the magnetometer analogy; and in
most discussions of simple induction, it is the time history of the
analogous induced current which is described.

An important feature of layered earth H! data is the early-
time limit of continuously normalized H},/H? data. If the
ground is sufliciently conductive near the surface, the early-time
secondary field data at points remote from the transmitter loop
will approach —200 percent; i.e., one finds that the voltage in
the receiver coil has had insufficient time to change from the
steady value attained at the end of the previous half-cycle
(Figure 2). This situation may be pictured in the magnetometer-
square wave current analogy as an induced current system
forming near the surface of the ground under the transmitter
loop such as prevents the total (analogous) magnetic field from
entering into the ground anywhere except very close to the
transmitter wire. The —200 percent anomaly thus represents
response at the inductive limit.

Finite thin plate in free space-

A convenient modeling method for thin finite plate conduc-
tors in free space is the integral equation solution of Annan
(1974). Annan computed the best set of polynomial eigenpoten-
tials of order 4, and used these to represent the induced current
flow in the plate as a sum of 15 “cigencurrents.” The solution
for the eigencurrents themselves is quite complicated, but needs
only to be done once for a plate of given width to length ratio.
After that, any induced current system can be described in
terms of 15 coefficients in the eigenpotential summation. The
secondary field at a receiver can then be simply computed in
terms of these induced cigencurrents. One great advantage of
Annan’s method is that ecach cigencurrent has a frequency or
time-domain response identical to a simple loop circuit. Thus
the solution for a broad frequency range or many time windows
is very easy to calculate. Routines for simple, interactive appli-
cation of Annan's algorithms to a number of EM systems have
been programmed by Dyck (Dyck et al., 1980).

Examples of type curves gencrated with Annan's solution
may be found in Lodha (1977) and Lamontagne et al. (1980).
Figure 9 shows the results of a set of computed UTEM type
curves for the geometry shown in Figure 10. Also shown in
Figure 10 is the geometry of the primary magnetic ficld, which
controls the nature of induction in the plate. For the zero dip
case, the primary ficld is mostly perpendicular to the plate. The
induction in the plate tends to cancel this field at early times,
leading to a negative H, anomaly directly over the plate. Posi-
tive shoulders on each side show the secondary magnetic fieid
of the “forward (analogous) current ™ near the front edge of the
plate nearest the loop and the “reverse current”™ near the rear
edge. The normalization scheme used in plotting this data is to
divide the total secondary field by the calculated primary field
at the measuring point. It has the undesirable effect of making
asymmetric a secondary anomaly that is symmetric in terms of
absolute amplitude by increasing the relative amplitude away
from the loop. In fact, the absolute secondary amplitude of the
positive shoulder near the loop is usually larger than the one on
the side away from the loop. As the dip of the plate is increased,
the positive shoulder moves away, and by the time a 30-degree
dip is reached the reverse crossover is off the end of the plotted
line. From dips of 30 to 135 degrees, the anomaly maintains a
basic shape in the form of a simple crossover. The amplitude
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FiG. 8. Hz responsc of a thin horizontal sheet at various depths.
‘The conductivity-thickness of the sheet is 2 S. The front of the
transmitter loop is at the origin of coordinates.
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-does vary somewhat, however, being controlled by the primary
field component normal to the plate which becomes a smaller
and smaller fraction of the total field as the plate rotates from
30 to 150 degrees (Figure 10). The case at a dip of 150 degrees
shows a very interesting behavior. The primary field can be
seen to be down in the upper half of the plate and up in the
lower half. The result of. this is that the anomaly changes
location and amplitude dramatically. For a very small plate, an
anomaly could conceivably disappear completely. This phe-
nomencn has been discussed by Bosschart (1964) for the Turam
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FiG. 9. UTEM H, (solid) and H, (dotted) profiles over a dipping plate (continuous normalization). (Geometry shown in Figure 10.)

method. For a large planar conductor, however, an anomaly is
always present since a curving primary field must cut it some-
where, except in the special case when a vertical conductor is
located directly under the center of a horizontal transmitting
loop. The 165-degree dip case of Figure 9 shows a clear reverse
crossover on the edge of the conductor far from the loop. The
normal crossover is very small, duc in part to the reduced
induction at the near edge as shown in Figure 10, and also the
large primary field used as a divisor for normalization.

The electric ficld anomaly generated by a plate conductor in
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FiG. 10. Geometry and dimensions of the models shown in
Figure 9. Also shown is the configuration of the primary field in
the vicinity of the target conductor.

a resistive half-space is caused by charge on the plate as well as

_eddy currents flowing in it, and is affected by the earth-air
interface. Annan's algorithm does not determine the charge
distribution, so analog scale modeling methods were employed
to produce type profiles. Figure 11 shows an example for a
vertical plate. The longitudinal electric field is greatly reduced
over the body at all times (i.e,, there is a strong reduction in the
late time limit). The dynamic (time-varying) part of the anoma-
ly has the same time variation as the magnetic field but has a
different geometrical pattern. The electric field is highly vulner-
able to distortion by any conductivity contrast and the inten-
sity of the static, late-limit anomaly over a conductor may
therefore be reduced by any stratification between the conduc-
tor and the surface.

Other simple anomaly shapes

A set of simple schematic models is shown in Figure 12, for
each of which the main features of the vertical magnetic field
are sketched. The set of sketches was derived from quantitative
scale model experiments by Lamontagne (1975). For the simple
models illustrated where the host rock is completely non-
conducting, the general anomaly shape for one body remains
quite constant for the whole time ranga. The changes in anoma-
ly from one channel to another are mostly in the amplitude and
smoothness of the anomalies. '
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FiG. 11. Scale model UTEM secondary magnetic H7 and total
clectric E, data overa vertical plate conductor.
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MODEL _DECAY CURVES
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Fi1G. 13. The amplitude decay curves for the simple models of
Figure 12. Mean sampling times arc given for a base frequency
of 30 Hz The curve UTEM sampled exponential is a calculated
fupction included for comparison. Lamontagne (1975) gives
simple approximation formulas for interpreting target conduc-
tance from reference times ¢, ..., t determined by translational
curve matching.
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FIG. 14. Scale model UTEM H! profiles over a conductive thin
dike with overburden present.

Thia dike.—A conductive, steeply dipping body gives an H,
crossover shape similar to the plate model just discussed. The
point where the anomaly changes sign indicates approximately
the top edge of the conductor. The anomalies at later times tend
to be broader and shifted slightly downdip from those at early
times. The inductive decay rate of the anomalies will be dis-
cussed in a following section.

Surface horizontal finite conductor.—A thin horizontal con-
ductor of limited dimensions (not extending under the loop)
produces an anomaly consisting of a low over its central areca,
with large positive shoulders near its edge. The shoulders
become rounded at later times and migrate towards the center
of the conductor. Note that the thin horizontal plate shown in
Figure 9 has a fairly deep location and thus the inward migra-
tion of the crossover points is less evident, although present.

Shallow block conductor.—This type of conductor produces a
negative anomaly over its top having an amplitude of close to
200 percent at early times. An important characteristic of a
block-like conductor is the absence cf large positive flanking
anomalies. The amplitude of the positive shoulders is less than
1710 of the central negative, in contrast to the thin horizontal
layer where the shoulders have amplitudes of order half the
central negative. The sharpness of the crossovers at early time
can be used as an indication of depth of burial. This type of
anomaly is called a top anomaly and is due to a horizontal
current pattern flowing around the top of the block.

Thick dike.—As might be expected, this is an intermediate
case between a block and a thin dike where the width of a
tabular body is of the same order as its depth of burial. In such
cases the response is a combination of crossover and top anom-
aly due to vertical and horizontal current patterns, the top
anomaly being more evident on the early-time channels and the
crossover anomaly on later-time channels. The difference in
decay rates results from the different scales of induced current
flows, the top anomaly being controlled by the width of the
dike, and the crossover by the depth extent.

Extensive horizontal conductors.—All the models with re-
stricted lateral extent give rise to localized anomalies which
simply change amplitude with time (approximately). The re-
sponse of a very large conductor such as that shown in Figure

12e is included for comparison. In this case, the induced cur--

rents are not confined and they migrate horizontally with time.

Time response of simple free-space models.—Figure 13 shows
example decay plots of log anomaly amplitude versus log time
{channe! number). The responses shown in Figure 13 are the
UTEM sampled step responses that are only strictly valid for
interpretation of actual field data when the observed anoma-
lous response has effectively vanished at late times. Time scal-
ing by lateral translation of the graphs is permitted for these
cases, as previously discussed. The applicability of these time
decays to interpretation is discussed by Lamontagne (1975),
including the use of characteristic parameters to estimate con-
ductance. A significant point to note is that simple induction in
finite bodies eventually exhibits exponential decay at late time,
whereas induction in infinite features takes the form of an

- imverse power law (Kaufman, 1978). Therefore, for models D, E,

and F, the very late portion of the decay should ultimately
show an exponential behavior if measured with sufficient sensi-
tivity.
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FiG. 15. Decay plots for the H; anomalies of Figure 14.
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Overburden effects

We will restrict the discussion of overburden and host-rock
cffects to the case of a simple vertical finite dike conductive
target, which was studied by Lamontagne (1975) using a scale
model. Conductive overburden cover can modify the responses
of underlying conductors in two main ways. Let us consider a
dike target whose response in [rec space is given in Figure 14d.
Il overburden is now placed over this target conductor, the
resultant response (Figure 14b) is not just the sum of the
overburden and dike response. At early times it can be seen that
lhcre is very little response from the dike. This is because the
magnetic ficld (MSW analogy) has not yet penetrated the over-
burden, and it leads to the name “overburden blanking™ for
this characteristic. At later times (Ch 6-1), when we can see from
Figure 14a that the ficld has completely penetrated the over-
burden layer, the dike and overburden response (14b) is vir-
tually indistinguishable from that of the dike alone (14d). The
time decay pattern of the peak-to-peak amplitude of the cross-
over is plotted in Figure 15. It clearly shows the blanking effect
of the overburden at early times (right-hand figure). The minute
negative response at earliest time is present only when the
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overburden extends under the loop, and appears to result from
the complicated way in which the ficld first reaches the hidden
target.

A second effect occurs when the dike is in conductive contact
with the overburden. The results are quite different from those
where the dike was not in contact (Figure 14c). In this case,
regionally induced (analogous) current flow in the overburden
has been “gathered”™ or “channeled” into the dike which is of
higher conductivity. This accounts for the large-amplitude
crossover anomalies at early times. Because the conductance of
the dike greatly exceeds that of the overburden, the amount of
current gathering is virtually independent of the dike's depth
extent. The gathering effect at early times of just a “line conduc-
tor” remaining attached to the overburden after most of the
dike was removed was found to be over 80 percent of that of the
complete dike. At later times, when the (analogous) current flow
in the overburden has migrated away (i.c,, the real overburden
current is no longer time-varying), the response is again almost
identical to that of the dike alonec. The time decay of the
response is plotted on Figure 15, and in addition to the en-
hancement at early times a slight attenuation of the response at
intermediate times can be seen.
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Host rock eflects

Figure 16 I1 shows the time variation in response of a 60 S
vertical plate located in a hal(-space. The results were calcu-
lated by Lamontagne (1975) by Fourier transformation of the
frequency-domain numerical modeling of Lajoic and West
(1976). At.early times the response is reduced from the free-air
response: this corresponds to blanking by the conductive
region above the target. At later times the response is enhanced
indicating that the regional (analogous) current in the host rock
is being gathered into the plate at these times. For poorly
conducting host rock, the response at late times is close enough
to the free-space response that simple interpretation of the
target using a plate in free-space model is valid. For the higher
host conductivities (case 4, 5) this is no longer the case.
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Milion, Ontario

This area was surveyed to demonstrate what data from a
conductive, well-stratified earth looks like. The area is one
. where 650 m of flat-lying Paleozoic sediments overlie the Pre-
cambrian basement. The predominant member of the stratigra-
phy is a uniform and thick sequence of shale. Other beds are
mostly resistive calcareous and sandstone formations. The
survey area is covered by a mixed forest and marshy streams,
with occasional outcrops. The top of the bedrock is a dolomite
formation which is everywhere more than 20 m thick. Topo-
graphic relief is minor (<10 m), with occasional rough spots
near outcrop. Overburden is probably less than 10 m every-
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FiG. 18. A profile of H? data from the north transmitter loop across the Thomas Twp test site. A map of the survey is included
(diflerent scale)
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where and much less on average. It is mostly humus or thin
glacial soil. Surface water is fresh, and likely quite resistive
{> 100 Qm). Figure 17 shows some of the data with a layer and
half-space model fitted to it by iterative minimization of
squared error. Also shown is a stratigraphic section from a well
a few kilometers distant. The dolomite layer is too resistive for
its conductivity to be determined by data whose earliest time
sample is at 100 ps. (The survey was done with UTEM 1.) At
first glance, the data look just like that for any conductive
carth, as the early-time data at the end of profiles have the usual
‘strong negative anomaly, and there is a regular outward pro-
gression of crossovers as time progresses (decreasing channel
number). However, the resistive surface layer does reveal itself
in the limited approach of the early time curves to —200
percent anomaly. The convergence of E, at late time to 100
percent of the primary field confirms the excellent lateral homo-
geneity of the site.

SOUTH LOOP

1 .

Thomas Township, Northern Ontario

This site has become an interesting test range for electrical
methods, and a new grid has been cut and named the Night-
hawk Lake geophysical test range. It is a graphitic zone that
has many of the geometrical and electrical characteristics of a
massive sulfide body. It is coveréd by 83 m of only moderately
conductive overburden. It was found originally by airborne
EM and has been intersected by two boreholes.

A UTEM Il survey with 30 Hz base [requency was carried
out on 6 lines of length 2200 ft and spacing 400 [t using
transmitter loops to the north and south of the grid. Figure 18
shows a profile across the middle of the conductive zone.

At 50 ps (Ch 9), the regionally induced (analogous) current is
only 500 {t from the loop. The ficld has not penctrated the
overburden at the target site. From 100 ps to about 500 us (Ch
8-6), a crossover response is observed over the target. At about

LINE 12w

NORTH LOOP

FiG. 19. Later time H* profiles (Ch 5-2) outline the perimeter of the conductor.
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FiG. 20. Comparison of H} data from the south transmitter
loop with a free-space plate model. The configuration of the
primary field is also shown.

500 us the response changes to an asymmetric negative anoma-
ly which decays much more siowly than the crossover response.
The carly-time crossover response is a current gathering or
channeling anomaly where the (analogous) anomalous current
flows along the length of the zone, while the longer time con-
stant response is a local induction anomaly, where induced
currents flow in a vortex within the target conductor.

Figure 19 shows a map of all the late-time profiles. They
clearly delincate the edge of the target body. Figure 20 shows
how a rectangular plate model can be found which models the
observed results from one transmitter loop quite accurately, but
which has to be rotated in order to match the results from the
other loop. The late-time induced (analogous) current system in
the actual conductor appears to be a tightly defined normal
current in the front upper (near-loop) edge of the conductor
with a more diffuse, return current deep in the rear of the body.
A survey with the transmitter loop located on the other side of
the body was similarly fitted by a plate dipping away from that
loop, indicating the conductor to be a thick zone in which
currents can flow in a variety of directions.

Electric fields were measured at the Thomas site. The late

_time vector map is shown in Figure 21, along with a rough
numerical model. The conductive 20ne shqws very clearly, al-
though its edge is ill defined. Figure 22 shows a profile of the
longitudinal component of electric field over the body. The field

intensity is almost constant from channel 6 onward, and the
main feature of the response is the aforementioned broad re-
duction in the field strength over the conductor. It is helpful,
when looking at E field profiles, to imagine a plot on the same
axes of the negative of the observed channel 1 response. This is
the value the field starts from at the halfcycle transition. Even
as carly as 50 ps (Ch 9), the electric field has made most of its
polarity reversal. In fact, between the loop to the target body it
has overshot, while from the target body outwards it is
changing relatively slowly. The time changes in E are actually
very similar to those in H. There are two dominant decay times,
a short one corresponding to the overburden and the
channeling target response (Ch 8-6) and a long one correspond-
ing to the local induction response (Ch 5-1). Also, these two
E-field responses have a different geometrical form correspond-
ing with the different forms of the magnetic anomalies. The
scaled up version of the E data in Figure 22 shows the slowly
decaying anomaly. Considerable noise is apparent in the data
at this magnification.

Bedrock conductor beneath overburden

Figure 23 shows the measured secondary H, fields at a site in
Australia. The slow outward migration of the early-time
channels and the — 200 percent early-time limit away from the
transmitter loop are characteristics of the response of a near-
surface conductive weathered layer. This layer has a total con-
ductance of about 4 S.

Around station 210W a more local superimposed crossover
anomaly is evident which is fixed in location. This feature is
evident over a great strike length. When the visually estimated
overburden response is stripped from the anomaly and the
peak-to-peak crossover response is plotted on a decay plot
(Figure 26), the characteristics of early time blanking, time
delay, and enhancement are clearly displayed. Corresponding
to the model data of Figure 16, the early time blanking attenu-
ates the Jocal anomaly as the (analogous) magnetic field has not
had time to penetrate the weathered layer. At intermediate
times (Ch 5, 4) the response lies above a fitted free-space,
half-plane conductor decay curve. This is partly an amplitude
enhancement from current gathering and partly due to a small
delay in time while the (analogous) magnetic ficld penetrates
the near-surface conductor. It is not clear whether any of the
L400S response can be identified as due to local induction.
Nevertheless, the plotted induction curve for a half-plane in free
space serves as a useful reference and establishes an upper limit
op the conductance of the feature (7S in this case).

On two survey lines about 1 km away, the same local feature
is observed, but the response has changed to one of longer time
constant. As shown in Figure 24, a clear response persists
through channels 2 and 1. These data are replotted with “point
normalization™ on Figure 25 to show the absolute secondary
field. Absolute normalization preserves the truc anomaly shape,
but has the disadvantage of scaling up strongly those anomalies
which lie near the transmitter. The stripped peak-to-peak re-
sponse is plotted in decay form in Figure 26 and clearly shows
the difference in time constant at the two locations.

The increase in'time constant seen on line 600N is very
significant, since little change is seen in the background re-
sponse and only a lesser change in the blanking time. It indi-
cates that the L600ON late-time response is due to local induc-




1024 West of al.

THOMAS TWP, ONTARIO

ASSSANSSERAREERRYARVAN

AMVANANNNNN 2 vy

TY1vavveae .o TR ARNE N

100% 1
| B A R U B RN TR I ) VNN NN AN
BV AREERER ‘~\\\\\\\\\\\\
'__5_“;‘
722255 S5 S S NS S NANNAN
MOOEL

LOOP 800x500m

BLOCK 300«
600x 500m

WITH OVERBURDEN

SNOANNARRRL R
NSNS R AR R AR R
MW
\\\\\J\\.-, Frrry ey

| IR AN RN RN
| 1000% [ 11t eeve oy
| NS EARREE AR AR RN
| RS NN R
| l/:///////!lll!!lt:ul

22202

2L

NO OVERBURDEN

D=90m
ASSNNNNNNR AR AR ARRARA
NNV
WANNYSSH-H 22T
VAAANY v bt
T AT IR IR N IR I
100%] {1tttrpeeeeatanarnny
NN RN EAN RN R
111 HAEA AN

17777011
2R RN AR R RRE!
222202001 HHTTTET
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tion. Model fitting of the decay, taking into account the limited
strike extent of the long time constant response, leads to an
interpretation of this feature as a local thickening of the half-
plane conductor. The local conductance needed to produce the
longer time constant is 120 S in contrast to the 7 S maximum of
the rest of the bedrock conductor.

Drilling indicated that the extensive conductor was a 50 m
thick calc-silicate zone containing both carbonates and sulfide
lenses within a talc-sericite host. The locally more conductive
part consisted chiefly of nearly massive noneconomic sulfides.

CONCLUSIONS

Experience with UTEM demonstrates that a wideband,
time-domain EM system which measures the step response of
the ground is electronically feasible and practical. Considerable
field and modeling experience has shown that it is simple to use
the amplitude information from such a system to aid signifi-
cantly in interpretation. In our opinion the step response has a

significant advantage over the impulse response for detection
and interpretation of good conductors in the presence of poorer
ones. Electric field data measured with the system can provide
independent information about lateral conductivity contrasts
and may be a useful aid in interpretation.
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