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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: 

Hole TK-91-1 
9ra~n5 

2.2m of 2.78 u?/t Ag, 0.18% Pb, 0.88% Zn from 269.0-272.0 metres 
0.5m of 65.6&/t Ag, 4.22% Pb, 9.36% Zn from 272.0-272.5 metres 

0.4171 of 34.6 F/t Ag, 3.06% Pb, 4.44% Zn from 332.3-332.7 metres 
1.3m of 9.27 &t Ag, 0.45% Pb, 2.01% Zn from 387.1-388.4 metres 

0.5m of 8.O&/t Ag, 0.76% Pb, 5.82% Zn from 441.3-441.8 metres 

Hole TK-91-3 

Hole TK-91-4 

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). 
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1. 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 l), 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 Sl"59' to the south and 52"05'to the 
north and longitude's 118"W 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 762% 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 hlluvial 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 

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 

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. 



I MGM PROJECT 
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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 1:1O,OOO and 1:5,OOO), 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. 

To trace the down dip extension of the sulphide horizon off the southwest 
corner of the Bend claims. 

2)  

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 SJ 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. 
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I. 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 Cog 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 Cog Group quartzites conformably overlie Upper Proterozoic Miette Group 
metasediments which were not observed in outcrop on the property. The overall 
thickness of the Cog Group is estimated to be slightly greater than 1,OOO metres. 

Chancellor Group 

The Tsar Creek and Kinbasket Formations of the Chancellor 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°-600 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 Curnmins 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. 
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8. DIAMOND DRILLING 

TK-91-1 

TK-91-2 

TK-91-3 

Four diamond drill holes were cored for a total of 1873.8 metres. Drilling was carried 
out between October 5th and November 13th 1991 by Falcon Drilling Ltd. of Prince 
George, B.C. Selected portions of the NQ (l7/'") 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 90%-100%. 

5 t OOS, 3 t 0%' 1039.4 m 035" -70" 319.1 m 15 

ltOON, 5+WW 950.9 m ___  -90" 572.0m 7 

lO+OOS. 5t95W 947.9 m 035" -70" 462.4 m 16 

TABLE 3 

Diamond Drill Hole Data 

TK-91-4 18 t 75S, 7 t  06W 911.3 m 035" -70" 520.3 m 1 

Tntal 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. 
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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. 

micaceous limestone with locally numerous quartz (minor carb) bands. 

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. 

236.1111-267.7111; 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-287.7111; Grey chert. 
287.7m-E.O.H.; Garnet-staurolite schist with interbedded muddy chert horizons. 

18.3m-224.8111; Fine grained, grey to dark grey, occasionally garnet bearing, 

224.8m-236.1m; Fine grained, light grey to grey, weakly calcareous garnet schist 

Best results include: 

Sample No. From To Length(m) Ag Pb% Zn% 
114202 246.2 246.7 0.5 0.5 8.6 0.76 
114208 269.8 270.0 0.2 5.2 0.39 1.12 
114209 270.0 271.1 1.1 2.5 0.19 0.98 
114210 271.1 272.0 0.9 2.6 0.13 0.71 
114211 272.0 272.5 0.5 65.6 4.22 9.36 

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.lm; Overburden. 
6.lm-295.lm; 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-435.8111; 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. 
485.6111-523.8m; 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. 
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Hole TK-91-2 continued. 

Best results include: 

Thin laminations of pyrite and pyrrhotite were observed within cherts and quartz-sencite 
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.Om; Overburden. 
6.Om-23.5m; Grey to black banded graphitic limestone. 
23.5m-174.7m; A sequence of grey, fine grained, micaceous limestones. Rubbly, 

174.7m-290.9m; Fine grained, grey limestones with interbedded and intercalated 

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-sencite schists, cherts, 

weakly brecciated dolomite, siliceous pelitic schists and argillaceous garnet schists (See 
enlarged portion of drill hole section, Figure 7). 

broken rock occurs from 38.0m-122.4m. 

fine grained, light grey, garnet mica schists. 

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 324.1 350.0 0.9 21.1 2.16 1.32 
114228 325.5 326.2 0.7 3.3 0.41 1.54 
114230 332.3 332.7 0.4 34.6 3.06 4.44 
114233 387.1 387.9 0.8 10.7 0.51 2.26 
114234 387.9 388.4 0.5 7.0 0.35 1.60 
114236 396.2 396.6 0.4 6.2 0.38 3.52 
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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: 0-6.1~1; Overburden. 

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. 

interbeds of mica schists and garnet-mica schists. 

grading into garnet biotite schist with minor cordierite porphyroblasts. 

6.lm-127.lm; A series of fine grained, well foliated garnet biotite schists 

127.1m-378.5111; Fine grained, light grey to grey micaceous limestones with minor 

378.5m-423.5m; Intercalated micaceous limestone and garnet-mica schists 

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 LRngth(m) Ag Pb% Zn% 
114239 441.3 441.8 0.5 8.0 0.76 5.82 
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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 
=lOmhos 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 ZlOmhos, was located within TK-91-4 
between 480 to 500111 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. 

I 

. 
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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 looOm 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 lmm to 
lm 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 drill holes and TK-91-2 are 
plotted on common planes. Best results are displayed for the 1991 Teck drill holes. 
Several lithologies within the Tsar Creek Formation are displayed in order to observe 
facies thickness changes. 

I 
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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 sedimentav facies and thicknesses reflect 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 observed. 

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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APPENDIX A 

Statement of Qualifications 



APPENDIX B 

Cost Statement 



EXPLORATION COSTS 
(October 6 - November 13, 1991) 

A) SALARIES 
Geology 

G. Thomson (Project Geologist) 

C. Alford (Geologist) 

C. Lormand (Geologist) 

40 days @ $271.92 

71.5 days @ $232.00 

48.5 days @ $232.00 
Drafting 

B) 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 

C) TRANSPORTATION 
Barge Service (Mica Marine Ltd.) 
Truck Rentals (2 - 4x4 Trucks) 

Cana Rentals (2 mos. @ $1148.00) 
Canex Rentals (2 mos. @ $1075.20) 

Gas 

D) CHARTERED AIRCRAFT 
Amiskwi Air, Canadian Helicopters (6 hrs.) 
Tundra Helicopters (5.8 hrs.) 

E) CONTRACTORS 
Falcon Drilling (1,184 m) 
SJV Geophysics 

$10,876.80 

16,588.00 

11,252.00 
1.144.47 

$39,861.27 

$6,63 1.47 

2,940.00 
1,176.00 
1.372.00 

$12,119.47 

$6,133.42 

2,296.00 
2,150.40 
5o4.00 

$11,083.82 

$11,882.04 

$141,013.66 
13.632.37 

$154,646.03 
F) GEOCHEMICAL ANALYSES (Eco-Tech Labs) 

39 Core Samples with 30 Element I.C.P. 
and Specific Pb, Zn, Ag, Au and Ba assays $1,306.29 

G) FIELD EXPLORATION COSTS $70.41 

H) MAPS AND PRINTS $63.84 

I) TELEPHONE $120.04 

K) RENTALS (Radiotklephone, Core Splitter) 

J) PETROGRAPHIC STUDY $103.32 

2BU8 
TOTAL $231,750.41 



APPENDIX C 

Certificates of Analyses 



ECO-TECH LABORATORIES LTP. 
ASSAYING - ENVIRONMENTAL TESTING 

1W41 Eaat Tram Canada Hwy.. KamIOqX. B.C. VZC 213 (604) 5736700 F U  6734557 

OCTOBER 18, 1991 

CERTIFICATE OF ASSAY ETK 91-828 

TECK EXPLORATION LTD. 
960 - 1 7 5  2nd. A m .  
KAMLOOPS, B.C. 
vzc 5w1 

ATTENTION: FRED DALEY 

SAMPLE IDENTIFICATION: 1 4  ROCK SAMPLES RECEIVED OCTOBER 16, 1991 ___--____--___________ PROJECT: 1703 

AD A0 PB ZN 
ET# Description (g/t) (OZ/t) ( % )  

~ 

1 -  114201 
2 -  114202 
3 -  114203 
4 -  114204 
5 -  114205 
6 -  114206 
7 -  114207 
8 -  114208 
9 -  114209 

1 0  - 114210 
11 - 114211  
12  - 114212 
13 - 114213 
1 4  - 114214 

< . l  
8 .6  
1.1 

. 4  

.1 
2.4 
.1 

5.2 
2.5 
2.6  

65.6 
4 . 6  
.5 

<.l 

~~~~ ~~~ 

<.01 < .01  .01  
.25 .76 2.24 
.03 .09 .52 
.01 .04 .08 

<.01  .03 .28 
.07 .17 .31 

<.01 .03 .05 
.15 .39 1.12 
.07 .19 .98 
.08  .13 . 7 1  

1 .91  4.22 9.36 
.13 .20 .73 
.02 .04 .07 

< . O l  . 0 1  .01 

NOTE: < = LESS THAN 

FRANK J. ‘PEZZOTTI 
B.C. CERTIFIED ASSAYER 



ECO-TECH LABORATORIES LTD. 
ASSAYING - ENVIRONMENTAL TESTING 

10041 East Trans CMada Hwy.. Kimloopr. B.C. VX 213 (804) 573-5700 F U  5734567 

TECK EXPLORATION LTD. 
960 - 175 2nd. AVE. 
KAMLOOPS, B.C. 
V2C 5W1 

ATTENTION: FFSD DALEY 

SAMPLF, IDENTIFICATION: 14 ROCK SAMPLES RECEIVED OCTOBER 16, 1991 
PROJECT: 1703 ---_--________________ 

BA 
ET# Description ( ppm) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  -----=_-=======_====i_rs 

1 -  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 
12  - 114212 610  
13 - 114213 230 
14 - 114214 70 

NOTE: C = LESS TBAN 

PRANK J. PEZZOTTI 
B.C. CERTIFIED ASSAYER 



ECO-TECH LABORATORIES LTD. 
ASSAYING - ENVIRONMENTAL TESTING 

10041 E m  Trans Canada Hwy., Kamloops. B.C. V2C 213 (604) 573-5700 Fax 573-4557 

NOVEMBER 22 , 1991 

CERTIFICATE OF ANALYSIS ETK 91-8288 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .................................. 

TECK EXPLORATION LTD. 
960 - 175 2nd. AVE. 
KAMLOOPS, B.C. 
V2C 5W1 

ATTENTION: FRED DALEY 

NOTE: < = LESS THAN 

~ 

P+ FRANK J ~ Z O T T I  
B.C. CE IFIED ASSAYER 



TECK EXPLORATION LTD. 
960 - 175 2nd. AVE. 
KAMLOOPS, B.C. 
V2C 5W1 

ATTENTION: FRED DALEY 

NOTE: < = LESS THAN 

B.C. CERTIFIED ASSAYER 
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- - m a  ~1p. 

10041 EulT TRUIO CAMAM IM. 

SAKWOPB, B.C. VIC 153 

PRO)(. - 604-573-5100 
?AX - 604-513-4557 

TBCI X X P I B U T I O W  LZDS- LT. 91-059 
960, 175 SlCOUD A m  

MNIBOPB, B.C. 
VIC 5Wl 

P4 / c llllt --- J. ? T" I- 
-. 

B.C. WIIIIID A M A I I I  



ECO=TECH LAEORATORIES LTD. 
ASSAYING - ENVIRONMENTAL TESTING 

10041 East Trans Canada Hwy., Kamloops, B.C. V2C 213 (604) 573-6700 Fax 573-4557 , 

CERTIFICATE OF ANALYSIS ETK 91-8591 
-=-====IIIUI--- 

TECK EXPLORATION 
960-175 2ND AVE. 
KAMLooPSt 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 Si02 MnO Fe203 MgO A1203 CaO Ti02 NaO2 K20 L.O.I. 

.10 e71 1.11 1.89 45-32 .10 .08 .56 38.09 
.93 .86 .64 4.68 2.48 

.42 3.08 

-uIIulllll-l-ilyIIIIIIIIluIIpIIIllll 

5- 114219 .01 .35 11.69 
6- 114220 .05 .21 63.13 .12 6.32 1.64 19.53 
7- 114221 .01 .54 87.89 .24 2.59 -94 1.36 2.71 .27 .01 

NOTE: VALUES EXPRESSED IN PERCENT 

sc9 1 /TEcx5 ECO-TECH LAB0 TORIES LTD. 
p -FRANK P J. PE f OTTI 

B.C. CERTIFIED ASSAYER 

I 



ECO-TECH LABORATORIES LTD. 

10041 East Trans Canada Hwy., Kamloops, B.C. V2C 213 (604) 573-5700 Fax 573-4557 
ASSAYING - ENVIRONMENTAL TESTING 

NOVEMBER 22, 1991 

TECK EXPLORATION LTD. 
960 - 175 2nd. AVE. 
KAMLOOPS, B.C. 
V2C 5W1 

ATTENTION: FRED DALEY 

ET# Description 

16 CORE SAMPLES RECEIVED NOVEMBER 4, 1991 
PROJECT: 1703 
TELEPHONE REQUEST NOVEMBER 19, 1991 

AG AG PB ZN 
(d t )  ( o d t )  ( % I  ( 8 )  

LTD 

. 



EGO-TECH LABORATORIES LTD, 
ASSAYING - ENVIRONMENTAL TESTING 

10041 East Trans Canada Hwy., Kamloopa, 8.C. VZC 213 (604) 673=6700 Fax 573-4667 

TECK EXPLORATION LTD. 
9 6 0  - 175 2nd.  AVE. 
KAMLOOPS, B.C. 
V2C 5Wl 

ATTENTION: FRED DALEY 

SAMPLE IDENTIFICATION: 16 CORE SAMPLES RECEIVED NOVEMBER 4 ,  1 9 9 1  
PROJECT: 1703 ~ ~ ~ ~ 0 0 ~ ~ ~ ~ ~ ~ 0 ~ 0 ~ ~ ~ ~ ~ ~ 0  

AG AG PB ZN 
ET# Description (s/t 1 (Odt) ( $ 1 ,  ( 8 )  

II=IP===P=================----------===========-------~====~===~= 

6 -  114227 2 1 . 1  . 6 2  2 . 1 6  1 . 3 2  
7 -  114228 3 . 3  . 10 . 4 1  1 . 5 4  
9 -  114230 3 4 . 6  1.01 3 . 0 6  4 . 4 4  

12  - 114233 1 0 . 7  .31 051 2 . 2 6  
13 - 114234 7 . 0  020 . 3 6  1 . 6 0  
15 - 114236 6 . 2  . 1 8  .38  3 .52  
16 - 114237 07 . 02  . 0 3  .26  

ECO-TECH ORATORIES LTD 

B.C. CERTIFIED ASSAYER 

I 



ECO-TECH LABORATORIES LTD. 
ASSAYING - ENVIRONMENTAL TESTING 

10041 East Trans Canada Hwy., Kamloops, B.C. V2C 213 (604) 573-5700 Fax 573-4557 

NOVEMBER 22, 1991 

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 

LTD 

B.C. CERTIFIED ASSAYER 
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ECO-TECH LABORATORIES LTD, 

10041 East Trans Canada Hwy., Kamloops, 8.C. V2C 253 (604) 573-5700 Fnx 573-4657 
ASSAYING -.ENVIRONMENTAL TESTING 

NOVEMBER 19, 1991 

TECK EXPLORATION LTD. 
960 - 175 2nd. A m .  

V2C 5Wl 
KAMLOOPS, B.C. 

ATTENTION: GREG THOMSON 

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

ECO-TECHA~ORATORIES LTD 
FRANK J e  PEZZOTTI 
B.C. CERTIFIED ASSAYER 



m - T I c n  LUWATORIRS ~a). 

10041 %MT T R W S  EIll.n. IIICBYII 
1 u L o o P S ,  D.C. VOB 1PO 
pn - 604 -573-5700 
?U - 604 - 537-4551 

1Knrr)lBXR 19, 1991 

TBCK SXPLOU&TIOWS 119.- 91-BB4 

960, 175 SlICOYD A- 

I ; A o P B ,  D.C. 
V I C  SYl 

PROJECT *unDEll: yon CIVW 
1 CORI SAMPLES RBCPIVID MOM- 10 , 1991 

. 



APPENDIX D 

Analytical Procedures 



ECO-TECH LAEORATORIES LTD. 
ASSAYING - ENVIRONMENTAL TESTINQ 

10041 l3s l  TfM8 Canada Hwy.. Kmloops. B.C. V X  213 (W) S W 7 W  Fax 6 W 7  

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 sire and pulverired to 
approximately -140 mesh. 

3. Humus/Vcgetation: The dry sample is aahed at 550 C. for 5 hours. 

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

1. - 
(a) ICP Packages (6,12,30 element). 

Digestion ___------- Finish ------- 
Rot Aqua Regin I CP 

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

Hot BC I 0 4 / ~ ~ 0 3  /RF ICP 

(c) Atomic Absorption (Acid Soluble) 
Ag*, Cd*, Cr, Co*, Cu, Fe, Pb*, Mn, no, Hi*, Zn. 

Hot Aqua Regia 

(d) Whole Rock Analyses. 

Digestion 

Lithium Wetaborate 
fusion 

---------- 

Finish ------- 
Atomic Absorption * = Background corrected 

I 



ECO-TECH LABORATORIES LTD. 
ASSAYING - ENVIRONMENTAL TESTING 

10041 E U I  Tram CMadd. H v . .  I(unbop.. B.C. VX 213 (My) 6’136700 F u  673-4657 

2. Antimony 

Digeation 

Hot aqua regia  

- - - - - - - - - 

3. Arsenic 

Digea t ion 

Hot aqua cegia 

- - - - - - - - - 

4.  Barium 

Digestion 

Lithium Metaborate 

--------- 

5. Beryllium 

Digea t ion 

Hot aqua regia  

--------- 

6. Bismuth 

Digea t i on 

Hot aqua regia 

--------- 

7 .  Chromium 

Digea t ion --------- 
Sodium Peroxide 
Fusion 

8. Flourine 

Digea ti on 

Lithium Metaborate 
Fusion 

Finiah ------- 
Hydride generation - A.A.S. 

ICP 

Finiah ------- 
Atomic Abaorption 

Finish ------- 
Atomic Abaorption 
(Backgcouud Corrected) 

Piniah ------- 
Atomic Abaorption 

Finiah ------- 
Ion Select ive Electrode 



ECO-TECH LABORATORIES LTD. 
ASSAYING - ENVIRONMENTAL TESTING 

10041 E M  T f M S  CMW. HV..  lhlmpr. B.C. VX W3 (W) 673-SmO Fax 673.4657 

9. Qallium 

Digeation ---------- 
Hot HC104/W03/HF 

10. Germanium 

Digea ti on 

Hot EClO4/ENO3/HP 

--------- 

11. Mercury 

Digea t ion 

Hot aqua regia 
--------- 

12.  Phoaphorua 

Digea t ion --------- 
L i t h i u m  Metaborate 
Fusion 

13. Selenium 

Digeat i on --------- 
Hot aqua regia 

1 4 .  Tellurium 

Digea t i on --------- 
Hot aqua regia 
Potaaaium Biaulphatc 
Fusion 

Finish -_---- 
Atomic Abaorption 

Finiah ------ 
Atomic Abaorption 

Finiah 

Cold vapor generation - 
A.A.S. 

------- 

Finish ------- 
Hydride generation - 
A.A.S. 

Finiah ------- 
Hydride generation - A.A.S. 
Colorimetric or I.C.P. 



APPENDIX E 

Drill Hole Logs 



HOLENO. m-91-01 PAGE: 1 f f 4  

0 - 18.3 

18.3 - 19.7 

19.7 - 29.6 

DESCRIPTION 
E 
C 
0 
V 

STRUCTURE 

I I ANGLES VEINS I ALTERATION 
1 

- overburden - hr~8 boulders 

- broken. rubbly m l u  sctust - llm g&cd grey 10 brown 

- QeY to duk grey bhnded dcacew8 
Ymertw 

- lOUWy broken rubbly rock from 
27.0 - 27.3 m and 28.1 - 29.6 m 
- Ihr q.h.d 9uutz band8 (rnstbly chart 
Wem) at 25.3 - 25.6.26.2 - 26.7. 

- M)#drd 0.5-1.0 Cm plnk -8 

- Mlnor fold ud8 
4t 23.7 m 

at 32.3.35.4 m 

- F*thll- 25' 

at 39.9.43.8. 
45.3. 72.6 

38.0 - ?8.6 - n M  q u m d  grey to brk gray mluceou8 

- brokon rubek m 50.9 - 51.4.54.3 - 54.9. 
rlw8tmla -MhortoldodS 

120 - M.3. n.6 - 74.2. 74.7- 75.2 m - chrt kyW8 46.9 - 47.1.47.9 - 4 . 0  m 

SAMPLE OATA I 
TO LENGTH 

RESULTS 



HOLE No. TK-91-01 PAGE 2-4 

MPM 
(meters) 

STRUCTURE 

ANGLES 

SAMPLE - 
FROM 

DATA 

TO 

RESULTS - 
METALLIC 

MINERALS (%) VEINS ALTERATION LENGTH SAMPLE 
No. 

78.6 - 
156.1 

* 

- lha grab186 grey Ilmestona. broken - rubbly Sactlons +om 82.2 - 87.8 m - unlt possesses 1-3 cm wlds cheR 
sectloma wlth numerous 0.5 - 2.0 cm dark 

- sectlon hom 138.4 - 140.8 contahs 
greater percentage of vary nne grunud 
duk peUUc matarhl - *roar fold ud8 at 146.8 oaarby Is 
breccmed .nd shot wlth q w t z  bands up 
to 11 cm vAda 

finC gr-d C b t S  +Om 121.8 - 124.9 

- Folhtion - 35' 

- Mlnor told axls 
at 107.6. 109.4. 
140.0, 144.1, 
145.5. 149.5. 
150.2 

156.1 - 
168.2 

- lha q&ed dark grey Ilmestone. 
Interbyered vvlth 1-10 cm mdr qwm- 

. unit h r  greater percantrge ot mud VW 
pre- units 
. r M b . d  dark grey hmgmwnr h sectkn 
hom 156.1 - 162.7 
. from 193.0 - 158.1 Unn contab 2-3 cm 
UIMQUIU fregments of miraceour 
YmeStona 

w b w t c  bands 

- Mlnor to(d axls 
at 157.5. 158.6. 
161.7. 163.7. 
166.3. 167.3 

- locally iron- 
carbmte altered 
rusty b r o w  
sectlorm 

168.2 - 
203.2 

- FolhUon at 40' 
to core axls - Mlnor tow udr 
at 172.2. 179.7. 
187.1. 194.4. 
195.7. 197.5. 
199.1.200.5 

ZO3.2 - 
124.8 

- 
Ihr gr.lnd 0.mCwerorn Ymestona 

UmYu to above UJt except tor presence 
# 520% 1-2 cm reddish b r o w  W b W U  
o m u  gunets and Lncresed m i u  
nrc.nt.gl breccwed from 203.3 - 
W.8 m 

-F?.1. 
40 
- Mlnor told axla 
at 221.9. 224.1 



PAGE 3 f f  4 

SAMPLE - 
FROM 

DATA - 
To 

RESULTS S T R W R E  

ANGLES 
METALLIC 

MINERALS (96) VEINS SAMPLE 
No. 

ALTERATION LENGTH pb zn 
96 % 

< 0.01 o m  

0.78 2.24 

0.09 .52 

0.04 0.M 

- M~I-W neid axis 
at 227.4 m 

~ weak chlortta 4201 225.0 225.2 0.2 224.8 - 
233.4 

- Ught  grey to qey fine grained garnet 
schlst red to rcd-brown 0.5 - 2.0 cm 
gums compose 5-20 % ot Unn 
- 1 4  mm .nh.dral stawollter occur w(wn 

the W s t  t o m  226.3 m - t o m  225.2 - 225.9 numerous roundmi 
eWptlcd L n c k r d w  are observed 
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- lim qMd qey to dark grey cordlarite- 
muKovlte schlst - roundsd cllrptlul cordlertte vvlth prderrad 
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m!toy.uon 
- r#rnets compose only 1-3 % ot the Unn 
- the core is broken and rubbly t o m  
235.7 - 236.1 m 

233.4 
236.1 

- F d h M  at 36' 
to cwe ulr 

- chlorltc (waak to 
moacrate) 

- pyrltc occurs 
In strlngcrs and 
1 4  cm 
subhedral to 
tuhadral 
crystals along 
tactvcs Met 
pu.ua~ me 
core uis 

- hmbute to 
masshm bed of 
pvrrhotne. 
m e  and 
-0 MdY 
lamhated 
wlphldas at 
247.5 - 247.8 m 

236.1 - 
240.0 

-Mhortoldulr 
at 247.9 m 

4202 246.2 216.7 0.5 8.6 - b.ndrd vary fir# qalnud Qey chart a 
.Itwrutlng 1-15 cm Interbeds ot m l u  and 
gum m b  schlst (chert domh.no core 
brokrn t o m  2 x 3  - 237.7 and 241.2 - 
242.7 m 

240.0 - 
264.2 

- F0li.M at 42' 4203 240.3 248.5 0.2 

~ 

1.1 

264.2 - 
267.1 - 

4204 m . 2  

- 
264.7 0.5 

- 
0.4 

- 
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4206 
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4209 
4210 
4211 
421 2 
421 3 
4214 

4207 

Ag Pb 

0.39 
0.19 
0.13 

65.6 4.22 
4.6 0.2 
0.5 0.04 

< 0.1 0.01 

1 
271.1 
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0.8 
0.5 
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0.28 
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Sample: Cordierite-Muscovite Schist, Chancellor Group, MGM Property 

summary: 

Sample 1 is a cordierite-muscovite schist. Complex 
porphyroblasts of cordierite are set in a well foliated groundmass 
dominated by muscovite. Many porphyroblasts contain prominent relic 
textures 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. 
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Sample 1 Cordierite-nuscovite-(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 
muscovite 
quartz 
biotite 
pyrite 
ankerite/dolomite 
Ti-oxide 
zoisite 
chlorite 
tourmaline 

50-55% 
30-35 
4- 5 
2- 3 
2- 3 

1 
0.5 
0.3 

trace 
trace 

Porphyroblasts averaging 2-5 mm in size are complex intergrowths 
of cordierite. Early-formed(?) patches averaging 0.2-1 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 8.82-0.03 
mm in size of quartz. These are the paler colored cores of the 
"ovoid patches" seen in hand sample. In some porphyroblasts they 
are are replaced irregularly 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 0.1-0.15 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 0.1-0.2 mm in size, and a 
few up to 0.5 mm long. 

Quartz is concentrated in a few lenses and seams averaging 
0.5-1.0 mm wide as very fine to fine grained aggregates. Intergrown 
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 0.1-8.3 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 irregular patches up to 1.5 mm in size: in part it 
may have formed by replacement of Ti-oxide. It also occurs as 
discontinuous veinlets up to 8.87 mm wide in porphyroblasts. 

Ti-oxide forms irregular to skeletal patches averaging 8.2-8.7 nun 
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 
0 . 3 - 8 . 6  mm in size. 

Chlorite forms a few patches up to 8.3 nun across of pale green 
flakes. 

Tourmaline forms scattered, subhedral, prismatic grains 
averaging 8.1-8.12 nun long. Pleochroism is from pale to light or 
medium yellowish green. 
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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. 

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 111. 

The field procedure consists of first laying out a large loop, 
which can vary in size from less than lOOM X lOOM to more than 2Km 
X 2Km, of single 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 is energized with a precise triangular 

current waveform at a carefully controlled frequency ( 3 0 . 9 7  Hz for 



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 is 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 WTPTEM-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 

I 



3 

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

The field parameters and local geology were discussed in the 
field with geologist (Gregg Thomson, Carol Lonnand and Craig A l -  

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 required 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 accormnodations 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 equipment. 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 d m y  probe with little success. 
BH-2 was surveyed on November 11, 1991. Borehole TK-91-04 (BH-4) 
was dunmF1. probed before moving the drill and successfully surveyed 
that evening after repairing the equipment. Fuel oil was pored 
down 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 PRESENT ATION 

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 

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: 
a) For Channel 1: 

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

Where : 
PC 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.l)/Ni X 100 

where Ch.n = the observed amplitude of 
Channel n (2 to 9 )  

N = Ch.1 for Chl normalized 
N = PT for primary field normalized 
i is the data station for continuous normalized 

(each reading normalized by different primary 
field) 

i is 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.1. 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 loops could likely have 
been better located with better weather conditions. 

The vector 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 
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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 (loglo), 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 into 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 borehole) 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. 
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BOREHOLE TK-91-04 
There is a weak extensive conductor, with a conductivity of ap- 

proximately lomhos, located between a depth of 480 and 500m depth 
in borehole TK-91-04. 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 conductor must be located 
towards the loop in the north east direction as shown in F I G - 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-hole anomaly located at a depth of approx. 
460M. This has to be a small (at least in two dimensions) very 
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 F I G - 1  and F I G - 2  . The same response is 
seen from both loop 1 and 2. 

A surface 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 is 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 



8 

to the conductor under the loops that is intersected in the bore- 
hole TK-91-04 but it is likely that this would also 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 crucial If it is possible that the good mineral- 
ization could be elongated in one direction or the folding is 
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- 
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mation could be aided with modeling to determining the optimum 
loop and line locations locations. 

CONCLUSIONS 

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 enough infor- 
mation is available to confirm this. There is a strong but very 
small conductor located close to borehole TK-91-4. 

It is recornended 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. 

v 

Geophysics LTD. 
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I, Syd J. Visser, of 11762 94the Avenue, Delta, British 
Columbia, hereby certify that, 

1) I am a graduate from the University of British 
Columbia, 1981, where I obtained a B.Sc. (Hon.) 
Degree in Geology and Geophysics. 

2) I am a graduate from Haileybury School of Mines, 1971. 

3 )  I have been engaged in mining exploration since 1968. 

4) I am a Fellow of the Geological Associatio of Canada. 
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UTEM SYSTEM MEAN DELAY TIhE 

Channel Number Delav Time (mi$& SYmbQL 
1 12.8 i 
2 6.4 \ 
3 3.2 / 
4 1.6 0 
5 0.8 z 
6 0.4 A 
I 0.2 7 
8 0.1 X 
9 0.05 A 
10 0.025 0 

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. Larnontagne# 

ABSTRACf 

A wide-band timedomain EM system, known as 
UTEM. which uses a large fixed transmitter and a 
moving receiver has been developed and UKd exten- 
sively in a variety of geologic environments. The cssen- 
tial characteristics that distinguish it from other systems 
are that its system function closely approximates a step- 
function response measurement and that it can musure 
both electric and magnetic fields. Measurement of step 
rather than impulse raponse 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 chat ob- 
tained by the gradient array resistivity method. 

INTRODUCIlON 

This article describes the design of the UTEM system and its 
development at the Geophysics Laboratory orthe University of 
Toronto by Y. Lamontagne and G. F. West from 1971 to 1979. 
UTEM is a wideband, timedomain, ground EM system with a 
stepfunction system response. It was designed to try to achieve 
the sensitivity and interpretability necessary to handle prob- 
lems of d a p  exploration, conductive cnvironmentS and a vari- 
ety of terrain conditions, in an economically viabk manner. As 
with most EM systems. effective exploration for massive sulfide 
nre~  was the principal objective. The method was conaived in 
1971, and the fint UTEM I instrument was operational in 
1972. It was an analog electronic system. and was used in a 
number of surveys which have been desaibai by Lunontagae 
(1975). An improved W E M  I1 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 1d 1980. about 
lo00 line-km had been surveyed with the system from 144 loops 
in 35 areas. UTEM 111, which is a rniaopromsorcontrdlcd 
system with expanded capabilities, is now produced comma- 
aally by Lamontagne Geophysics Ltd. Some of the k ld  results 
obtained using the UTEM I1 system have b a n  -bed in 
Lamontagne et al. (1977. 1980). Macnae (1977, IW, 1981), 
Lodha (1977). and Podolsky and S h k i  (1979). Data from 111 

t h ra  UTEM systems are identical insofar as geophysical 
characteristics are concerned 'The differences afkct only data 
noise levels and operational convenience Some of the noise 
rejection features of UTEM In are discussed by Macnae et al. 
( 1984). 

THE UTEM SYSTEM 

Design philosophy 

UTEM uses a luge, fixed, horizontal transmitter loop as its 
source. The field of the loop is mapped in the quasi-static zone 
with the reaiver system; tbc vertical component of the mag- 
netic field is always m u r u d ,  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 prospatine probkm; loops may range from 
about 2 km x I kmmresirtive terrain to3oom x 300 m in a 
conductive area Line arc typically surveyed to a distance of 
1.5 to 2 times the loop dimemionr 

The large loop transmitta-field mapping receiver configura- 
tion was chosen in order to give the system the dapest possible 
exploration for orcbody sized conductors. without sacrificing 
the ability to d v e  shallower structures (depth <50 m). This 
dictates a very luge transmitter moment, and make  an ex- 
tended source desinbk The virtue of an extended source is 
that the coupling betwan tbc soura and a receiver or the 
sourcc and a nearby conductive zone is not so many orders of 
magnitude larger than tbecoupling to a distant receiver or deep 
target as is the EW with z confined source. 

1010, 
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FIG. 2. Transmitted and received UTEM waveforms. Note that 
the measurement channels are numbered from the latest to the 
earliest. Sampling is repeated, with due regard to sign, in every 
halfcycle. 

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 becoma increasingly likely that the system 
will be responding to several nearby conductors at ona.  How- 
.ever, a fixed transmitter-moving receiver system offen a basis 
for separating the signal contributions from the various con- 
ductop and resolving the geometry of deep-seated conductors. 
At m y  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 h e m  the eddy current system move for each obser- 
vation, it is more dificult 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 enhanament 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 
timeconstant conductor which lies behind it. For thcsc refons 
it may be desirable to have survey coverage from more than 
one transmitter location. 

The UTEM I1 transmitter passes a low-fnquency current of 
prccisc triangular wavdorm through the trPnunitter loop. The 
magnetic field is s e n d  with a coil, which responds to the time 
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FIG. 3. Comparison of transient signals in step and pulse type 
SystCUlS. 

derivative of the local magnetic field, so in "free spaa"  a 
precise square-wave voltage would be induad in the receiver. 
In the p r m a  of conductors tbe wavdorm is substantially 
distorted. The UTEM reccivcr measures this distortion by de- 
termining amplitudes at 10 delay tima (actually, averages over 
time windows) which are spaad in a binary geometric progres- 
sion between the waveform 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- 
caw the latest time measurement often serves as a reference to 
which the other measurements arc compared whereas the 
number of earlier time measurements which can be made accu- 
rately may change if base period or instrument bandwidth is 
altered. The base frequency of the system is selectable. usually 
about 30 or IS Hz (25 or 125 Hz in countries with 50 Hz 
power). A common practia is to set the base frequency (adjust- 
able in 0.1 perant steps) about 05 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 dl ground response has nearly 
vanished by the end of the half-cyde. When this is the case, the 
UTEM system determines the step response of the ground in 
the time range 2Sps to 128 M (30 Hz base frequency). 

Timedonuin systems 

Timedomain systems have some advantage over frquency- 
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 bascs. Most time-domain systems employ an 
on-off type of transmitter current md confine all measurements 

-to t6-d as this automalially separates the secondary 
from the primary field Howem, wben 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 stcp current, it is the impulse 
response of the ground which is obstrved 

When prospecting for conductive mined deposits, it is p n -  
erally more desirable for interpretation purppses to observe the 
rtep response than my other time response The reason for this 
lia in the characteristics of eddy current decay. For the rtep 
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FIG. 4. Standard praentation of UTEM vertical component 
magnetic field data. 

rrsponsc, tht early-time limit of responsc is identical to the 
frequencydomain inductive limit, and for a simple conductor 
in free s p a a  this is a function of geometry alone. For the 
impulse 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 h t  be determined 
in order to interpret amplitude information in terms of geome- 
try. This may prcscnt Etde difticulty in simple cases. but when 
complex or overlapping r a p o m  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 wry much larger 
than the anomalies of target conductors with long time con- 
stant. Any further ampbfication 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 a system using a 
magnetometer receiver with a square-wave transmitter instead 
of an induction coil (nfcrrcd to as MSW system in the follow- 
ing sections) would have an identical system response The 
foregoing rationale of the interpretational advantages d step 
response does not consider the other important factors which 
enter the design of actual systems such as signal-to-noise (S/N) 
dliciency 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 Lamontape 
et al. (1980). For example, the UTEM 111 system actually uses a 
modified triangular transmitter waveform and deconvolution 
m the receiver to improve its S/N pcrfonnana but has a system 
response identical to the UTEM I and UTEM 11 systems 
(Macnae el al, 1984), i.e., a square-wave'raponsc. Thus the 
UTEM I/II systems, the conceptual MSW system, and the .. 

UTEM 111 system all make identical measurements although 
hey  excite the ground diflirmtly. To avoid any confusion. 
discussions in this paper of actual induced current waveforms 
in the ground will be limited to the U f E M  system with a purely 
triangular waveform and to the MSW system. 

The sampling scheme of Figure 2 was chosen so that virtually 
all measuring t h e  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 

e, = o l t o ~ ,  

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 

e, = apP/t. . 

In interpreting frquencydomain data, it is common to com- 
--.re observed frquency response data with dimensionless 
*-&del r&ponse data. This is convenient because it avoids the 

neassity 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 field 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 
rlso 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 bc applied to UTEM anoma- 
lous responses which are short enough so as to have vanished 
in the interval betwtcn the two succasive transitions of the step 
which form the square wave. 

Data prexotation 

&cause the field intensity falls off rapidly with increasing 
distana from the transmitter loop, it is often desirable to 
normalize the secondary field observations in some manner. 
One suitable normalizing factor is the primary vertical mag- 
netic field signal (H3. If the positions of the transmitter loop 
and the receiver are known reasonably accurately, a calculated 
value of H: may bc 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 
proadurn. 

Figure 4 is an example of a standard plot of UTEM secon- 
dary vertical magnetic k l d  data (WJ Channel 1 is plotted as 
secondary field (Ch I-HZH: (where H: is the calculated pri- 
mary field) and all other channels arc normalized to Ch 1 
[(Ch n-Ch 1)/Ch 1 J to correct for any position error in calcula- 
tion of H' and also to remove the dcct of induad  magnetic 
anomalies (for further details sct Lamontagnc, 1975). The late 
channels on the example plot show a crossover type of anoma- 
ly, indicative of a concentration of (changing) induad  current, 
u will be discussed. The amplitude variation with channel 
number indicates that thcse induced currents are decaying with 

I 
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time. A small component of response appears to haw pmhted 
to Ch 1 and, for quantitative analysis, it should be runembered 
that the data reduction procas will have caused s u k s t i o n  of 
this amount from profiles of Ch 2-Chn. On the urly-tirnc 
channels, the migration of crossover loution from OIK channel 
to another i n d i a t a  that the Kconduy current flow at these 
times is not fixed in geometry, a characteristic which h indica- 
tive of an extensive conductor (here extensive overburden) 
rather than a localized conductor such as that responsible for 
the late time c~ossovers. 

Since at any delay time, the sccondary field is a potential 
fidd, interpretation of geometrically fixed current systems is 
best performed using absolute secondary fields 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 anomalia, in order to simplify interpreta- 
tion. 

Horizontal magnetic field measurements may be made by 

002 

FIG. 5. Standard presentation d electric kid d a u  The ob- 
served component is nonnrlited to the total primuy electric 
field of the transmitter loop. 1 

DOLOMITE AREA IN EUROPE 

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

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 .mil signal when the 
ground is conductive. Electric field observations are usually 
plotted as €,/€'+the observed channel voltage between the 
electrodes divided by the maximum expected late time voltage 
betwan electrodes at the observation point in any horizontal 
direction, i t . .  €', = (€<' + E:')'''. "Expected" here refers to 
the electric field produced by a loop on a laterally uniform, 
resistive half-space. This normalization facilitates intcrcom- 
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. 

m 

i ! ! 
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DIRECTION OF PRlMARY FIELD 

FIG. 6. Vector plots of late time electric field. (a) Direction 
information only. (a) Showing direction and intensity .of tbe 
primary field. 
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The reference state for electric field data, is usually described 
as a 'lataally uniform, resistive half-spa%" rather than free 
space. By resistive is meant a case where all inductive transients 
have died out. The free-spaa 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-spaa electric field 
will be directed across the interfaace and a strong distortion of 
the field will occur. Since the conductivity of air is virtually 
zcro,!he 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 horizontal. 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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FIG. 7. UTEM layered a r t d  response. 

the electric field and is always assumed to be present, but no 
lateral inhomogeneity or induction is permitted in the reference 
model. 

The ekaric 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 balf-space value, due to lateral inhomogeneity of the 
earth'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 refleaion of the relotiue conductivity of various parts of the 
ground. It is impractical to plot the unnormalized E vectors, 
sina 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 are given in the 
following section. 

Errors caused by the presence of EM noise Gr by poor 
geometrical control are discussed for the magnetic (H) field case 
in Lamontagne (1975). For the electric (4 case, details of the 
measurement and souras of error are discussed in appendix G 
of Macnae (1981). As in the dc resistivity method, topographic 
features can seriously distort local electric fields, and local 
conductivity contrasts such as overburden patches and minor 
lithological changes can have quite large effects on the ampli- 
tude of measured E fields. 

i 
INTERPRETATION 

We shall describe briefly the responses from a number of 
simple geologic 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- 
tame (1975). Figure 7 shows three examples of computed re- 
sponses for different layer conductivities. Figure 8 shows three 
examples of a thin layer at difkrent depths. There are several 
common characteristics of layered earth responses. The shapes 
of the anomalous profla 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 Nabighian (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 

t, 

41 
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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 ad of each halkycle, the i n d u d  current 
system at any point in h e  survey area tends to a constant value, 
as indicated by the electric field measurements, but this steady 
current is invisible to the coil rccciver. 

When interpreting UTEM magnetic field data. it can often 
be simpler to think of the data in terms of the magnetometer 
receiver, 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 k i n g  analyzed and com- 
pared with magnetic field ( d H / d t )  data, it is necessary to revert 
to the true picture of the induced currents (or take a time 
derivative of the & data) to maintain a consistent relationship. 
UTEM magnetic field data are usually symbolized as ff:i (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 dsimple induction, it is the time history of the 
annlogous induced current which is described. 

An important feature of layered earth H :  data is the early- 
time limit d continuously normalized H:,/H: data. If the 
ground is sufliciently conductive near the surface, the early-time 
secondary fidd data at points remote from the transmitter loop 
will approach -200 pcrant; it.. one finds that the voltage in 
the reaiver 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 surfaa 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 pcrant  anomaly thus represents 
response at the inductive limit. 

- 

Finite thin plate in free spacc 

A convenient modeling method for thin finite plate conduc- 
tors in free s p a a  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 IS "eigencurrents." 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 I5 COdIicienls in the eigenpotential summation. The 
secondary field at a rcceiver can then be simply computed in 
terms of these induced cigencvrrents. One great advantage of 
Annan's method is that each eigencurrent has a frequency or 
timedomain response identical to a simple loop circuit. Thus 
the solution for a broad frequency range or many time windows 
is very easy to alcdatc Routines for simple, interactive appli- 
cation of Annm's algorithms to a number of EM sy-stcnu haw 
been progrunmed by Dyck (Dyck ct 01.. 1980). 
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Examples of type curves generated with Annan's solution 
may be found in Lodha (1977) and Qmontagne 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 field, which 
controls the nature of induction in the plate. For the zeto dip 
case, the primary field is mostly perpendicular to the plate. The 
induction in the plate tends to canccl this field a t  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 response of a thin horizontal sheet a t  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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d o a  vary somewhat, however, being amtrokd by the primary 
6eld component normal to the plate which becomes a smaller 
and smaller fmction of the total field as the plate rotates from 
30 to 150 degms (Figure 10). The case at a dip d I S 0  degrees 
shows a very interesting behavior. The primary field a n  be 
Ken 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 compktely. This phe- 
nomenon has b a n  discussed by Bosschart (1964) for the Turam 

method. For 8 large phnu conductor, bower ,  an anomaly is 
always pramt rina a d n g  primary 6eld must cut it some- 
where. except in the Ipeci.l case when a vertical conductor is 
located directly under the enter of a horizontal transmitting 
loop. The 16Sdegfce dip case of Figure 9 shows a clear reverse 
crossover on the edge d the conductor far from the loop. The 
normal crossover is very small, due in part to the reduad 
induction at tbe near edge as shown in Figure 10, and also the 
large primary field used as a divisor for normalization. 

The ekctric fdd  momaly generated by a plate conductor in 

I 
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FIG. 9. UTEM H, (solid) and H, (dotted) protikr over a dipping plate (continuous nonndition). (Geometry shown in Figure 10.) 
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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-spaa is c a d  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 reduad 
over the body at all :im (it., 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 
di&rent geometrical pattern. The electric field is highly vulner- 
able to distortion by any conductivity contrast and the inten- 
sity of the static, latc-limit anomaly over a conductor may 
therefore be reduad by any stratification bctwan the conduc- 
tor and the surface. 

otk  S h d C  8 0 0 d y  &peS 

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 
scak model experiments by Lamontagnc (1975). For the simple 
models illustrated where the host rock is completely non- 
conducting, the &y~d anomaly ahape for one body m a i n s  
quite constant for tbe whok timemga The changes in anoma- 
ly from one channel to another am m d y  in the amplitude and 
smoothness of the anomalies. 7 

0 5 0 0 m  I Km 

""'I/,, s 
CONDUCTOR 

FIG. 11. Scale model UTEM secondary magnetic %-and total 
electric E,  data over a vertical plate conductor. 

E CITE" rolazQNTAL CQQCTOI ,  

FIG. 12 The form of continuously normalized UTEM H: 
anomalies over some rimple rhapea. All d u c t o c s  an in lree 
spaa.  
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l l im 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 
lo be broader and shifted slightly downdip from those at early 
timer The inductive decay rate of the anomalies will be dis- 
cussed in a following section. 

!jurfaec borizontrl finite conductor.-A thin horizontal con- 
ductor of limited dimensions (not extending under the loop) 
products an anomaly consisting of a low over its central area. 
with large positive shoulders near its edge. The shoulders 
become rounded at later times and migrate towards the center 
ol 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: 

Shrllor block cductor.-This type of conductor produas  a 
negative anomaly over its top having an amplitude of close to 
200 perant at  early times. An important characteristic of a 
block-like conductor is the absence cf !srge positive flanking 
anomalies. The amplitude of the positive shoulders is less than 
1/10 of the central negative, in contrast to the thin horizontal 
hyer where the shoulders have amplitudes of order half the 
antral negative. The sharpness of the crossovers at early time 
a n  bc used as an indication of depth of burial. This typc of 
anomaly is called a top anomaly and is due to a horizontal 
current pattern flowing around the top of the block. 

Tbiclr 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 diKerent scales of induad  current 
flows, the top anomaly being controlled by the width of the 
dike, and the crossover by the depth extent. 

Extemive horizontal conductors-All the models with re- 
stricted lateral extent give rise to localized anomalies which 
simply change amplitude with time (approximately). l l c  re- 
sponw of a very large conductor such as that shown in Figure 
1212 is included for comparison. In this w e ,  the induced cur- 
rents are not confined and they migrate horizontally with time. 

Time respouse of simple fm-space models-Figure 13 shows 
example decay plots of log anomaly amplitude versus log time 
(channel number). The responses shown in Figure 13 are the 
W E M  sampled step responses that are only strictly valid for 
interpretation of actual field data when the observed anoma- 
bus response has effectively vanished at late times. Time scal- 
ing by lateral translation of the graphs is permitted for these 
QXS, as previously discussed The applicability of thcsc time 
&cays to interpretation is discussed by Lamontagne (197% 
including the usc of characteristic parameters to estimate con- 
ductance. A significant point to note is that simple induction in 
linite Mia eventually exhibits exponential decay at  late t h e ,  
whereas induction in infinite features t a k a  the form of an 
inverse power law (Kaufman, 1978). Therefore, for models D, E, 
and F. the very late portion of tbe d a y  should ultimately 
&ow an exponential behavior if measured with suficient sensi- 
tivity. 
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FIG. 15. Decay plots for the Hi anomalies of Figure 14. 
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FIG. 16. Dccay plots of Wz anomalb owr a thin dike (I) under a conductive overburden and (11) in a conductive half-spa=. 
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Overburden effects 

We will restrict the discussion of omburden and host-rock 
eReds to the cay of a simple vertical finite dike conductive 
target. which was studied by Lamontagnc (1975) using a scale 
modti. Conductive overburden cover can m d i y  the responses 
of underlying conductors in two main ways. Let us consider a 
dike target whost response in free spaa is given in Figure 14d. 
If overburden i s  now plaad 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 
tf"re is vtry little response from the dike. This is because the 
magnetic field (MSW analogy) has not yet penetrated the over- 
burden, and it kads to the name 'overburden blanking" for 
this characteristic At later times (Ch GI), when we can see from 
Figure 14a that the field has completely penetrated the over- 
burden layer. the dike and overburden response (14b) is vir- 
tually indistinguishable from that of the dike alone (la). The 
time decay pattern of the peak-to-peak amplitude of the cross- 
over is plotted in Figure IS. It dearly shows the blanking eff't 
of the overburden at early times (right-hand figure). The minute 
negative response at earliest time is present only when the 

E" 
12 

overburden extends under the loop, and appears to result from 
the complicated way in which the field 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 fontact (Figure I&). In this we, 
regionally induced (analogous) current flow in the overburden 
has bcen 'gathered" or "channeled" into the dike which is of 
higher conductivity. This accounts for the large-amplitude 
crossovc~ anomalies at early times. Because the conductanct of 
the dike greatly exacds that of the overburden, the amount of 
current gathering is virtually independent of the dike's depth 
extent. The gathering effect at early times ofjust 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 (ix., the real overburden 
current is no longer time-varying), the response is again almost 
identical to that of the dike alone. The time decay of the 
response is plotted on Figure IS, and in addition to the en- 
hanament at early tima a slight attenuation of the response at 
intermediate times can be seen. 

,LOCATION 

f IT TED E l  ECTRfCAl SEC TtON 

GEOLOGICAL SECTION 

FKL 17. Fdd cIcI.IpIc of E, and H: data from a well-stratified earth. The electrical section was obuined from inversion of the H: 
d a a l k a m s a t h e  Higraph arc the tbeotaiaf model; tbe points arc the field data The bottom uis is at - I S 0  perarrt. Tbe - 
@ogk rrtian k h  nearby gr *g uploration. 

1 
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Host rock c f k h  

1021 

. FIELD R-TS 

Figure 16 I1 shows the time variation in response of a 60 S 
vertical plate located in a half-space. The rcsults were calcu- 
lated by Lamontagne (1975) by Fourier transformation of the 
frequency-domain numerical modeling of Lajoie and Wat  
(1976). At early times the response is r c d u d  from the free-air 
response: this corresponds to blanking by the conductive 
region above the target. At later times the response is enhanad 
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 fm-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. 

Miltom, 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 ovalie the Pre- 
cambrian basement. The predominant member of the stratigra- 
phy is a uniform and thick sequena of shale. Other beds are 
mostly resistive calcareous and sandstone formations. The 
survey area is covered by a mixed forat and manhy streams, 
with occasional outcrops. The top d the bedrock is a dolomite 
formation which is everywhere more than 20 m thick. Topo- 
graphic relief is minor (< 10 mX with occasional rough spots 
near outcrop. Overburden is probably las than 10 m every- 

ILINE o I 

BOUDERS \ 
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1 

FIG. 18. A profile of H :  data from the north transmitter loo across the Thomas Twp t a t  site. A map d the survey is included 
( d d r e n  t scale) 
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where and much ks, on average. I t  is mostly humus or thin 
glacial roil. Surface water is fresh, and likely quite resistive 
(> 100 Rm). Figure 17 shows some or the data with a layer and 
half-spaa model fitted to it  by iterative minimization of 
squared aror. Also shown is a stratigraphic section from a well 
a few kilometas dbtant. The dolomite layer is too resistive for 
its conductivity to be determined by data whose earliest time 
sample is at 100 p. (The survey was done with UTEM I.) At 
first glance, the data look just like that for any  conductive 
earth, 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  crossover^ as time progresses (decreasing channel 
number). However, the resistive surfaa layer does reveal itself 
in the limited approach of the early time curves to -200  
perant anomaly. The convergence of E,  at late time to 100 
percent of the primary field confirms the excellent lateral homo- 
geneity ofthe site. 

Thomas Township, Northers 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 covered by 83 m of only moderately 
conductive overburden. It was found orighdly by airborne 
EM and has been intetsected by two boreholes. 

A UTEM 11 survey with 30 Hz base frquency was carried 
out on 6 lines of length 2200 It and spacing 400 ft 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  p (Ch 9). the regionally induced (analogous) current is 
only 500 ft from the loop. The field has not penetrated the 
overburden at the target site. From 100 p to about 500 ps (Ch 
8-6), a crossover response is observed over the target. At about 
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FIG. 19. Later time H: profiles (Ch 5-2) outline the perimeter of the conductor. 
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FIG. 20. Comparison of W, data from the south transmitter 
loop with a free-spaa plate model. The configuration of the 
primary field is also shown. 

500 p the response changes to an asymmetric negative anoma- 
ly which decays much more slowly than the crossover response. 
The early-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 induad 
currents flow in a vortex within the target conductor. 

Figure 19 shows a map of all the late-time profiles. They 
clearly delineate the e d g  d 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 induccd (analogous) current system in 
the actual conductor appears to be a tightly defined normal 
current in the front upper (near-kmp) edge of the conductor 
with a more diKuu, return current deep in the rear of the body. 
A survey with the transmitter loop locrted 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 ofd imions  

Electric fields wen measured at the Thomas site. The late 
time vector map is shown in Figure 21, along with a rough 
numerical model. The conductive zoae shqws very clearly, 4- 
though its edge is ill dcfincd. Figure 22 shows a profile of the 
longitudinal component dckctric kld  over the body. The field 

intensity is almost constant from channel 6 onward, md 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 € field profiles, to imagine a plot on the same 
axcs d the negative of the observed channel 1 response. T h i s  is 
the value the field starts from at the half-cycle transition. Even 
as early as 50 p (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 corrcspond- 
ing to the local induction response (Ch 5-1). Also, these two 
€-field responses have a different geometrical form correspond- 
ing with the different forms or 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 bcauth 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 2lOW 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- 
atcs the local 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 field penetrates 
the near-surface conductor. It is not clear whether any of the 
L4OOS 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 
on the conductance of the feature (7s in this case). 

On two survey lines about I 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 true 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 diflercnce 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 laser change in the blanking time. It indi- 
a t a  that the L600N late-time response is due to local induc- 
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FIG. 21. Vector map of the late-time E field at Thomas Twp. A block model is included for comparison. The example is for a case 
where U, UO b U" b u A ~ R .  

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 mne containing both carbonates and sulfide 
knses within a talc-sencite host. The locally more conductive 
part consisted chiefly of nearly massive noneconomic sulfides. 

CONCLUSIONS 

Experience with UTEM demonstrates that a wideband. 
timedomain EM system which measures the step response of 
the ground is electronically feasible and practical. Considerable 
ficld and modeling oxpaience has shown that it is simple to use 
the amplitude idonnation from such 8 system to aid dgnifi- 
candy in intapretation. In our opinion the step raponsc 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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