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PETROGRAPHIC DESCRIPTION OF WASHINGTON HAY DRILL HOLE ROCK TYPES
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REPORT eMS 80/5/24

DDH CISlO

Five drill-core intersections were received for urgent petrological

examination; results were available on 16.5.1980.

The samples were thin-sectioned, and were ~xalnined in hand specimen and

thin-section; the offcuts were subjected to K~feJdspar stain tests. Each. .
sample is briefly described in the accompanying table:

Summary

The rocks include an ultramafic lava-breccia, an ultramafic extrusive or

rapidly-chilled intrusive rock, and sediments. The ultramafic rocks are

distinctive, and both contain chromite (or chromian spinel) which is fairly

specific to ultramafics. Examination of contacts will probably determine

whether the rock at 28.1.m was a lava or an intrusive.

The sediments include an impure tuff breccia, a fossiliferous impure chert,
--,,- ,- .._,,-~-"--

and a polymictic soft-pebble conglomerate; all three are tuffaceous in

varying degrees, and are lithologically related to volcanism. The soft-pebble

conglomerate provides evidence of unstable conditions in the environment of

deposition; the inclusion of radiolarian chert, similar to 81.5 m, and of

ultramafic rocks similar to 28.1 m, suggests that the intersection at 102.4 m

Is younger, and that therefore the sequence may be overturned (on the

assumption that the drillhole is a downhole).

H.W. Fander, M. Sc.
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Central Mineralogical Services
Sample No. Rock Type . Compos I t Ion Fabrl c MInor MI nera Is COlTl11ents

DOH C ISIO VI t ramaf i c ?Extrusive. Abundant serpentlnlsed DistinctIve chlll- Minute chromlte or May be chilled margin of ul t rarnafl c

28.1 pyroxene microphcnocrysts .~et In slaggy· textures t no flow- Cr·splnel g·ralns. (pyroxenite-websterite) intrusive,m
tex tu red, devitrified, glassy groundmass banding or vesIcles. Antigorite veins. or ultramafic extrusive (e.g.

(T. S. 31845) altered to fibrous t rernol t teo FI ne-gralned. 1imburg I tel •

61 m Foss ill ferou$ Pe II tic Tu ff Breccia. Mainly Very fine-grained. Sma 11 diagenetic carbon Subaqueous Impuretuff (lOxenotuff lO )
ultrafine glassy sp 1inters, with fine clayl honrogeneous;brecclated ate spot S. Ch lorl te. wi th major intermediate to basicash
mica flakes, scattered 1radiolaria, 7sponge In zones. recemen ted. pyri teo K-fe 1dspar In components. Brecciated after
spicules; brecc i a zones. breccia zones. lithification.

81.5 m Impure Foss i 1i ferolls Chert. Massive amorphous Faintly banded, with V.lnlets of calcIte, May be transitional between tuff at
silicawith fine mica/clay flakes,many small 7radlolarlan layers. chlorite, qua rtz; trace 61 m and a pure chert j lradiolaria
chalcedony ~pheres - lradiolarla. Possibly Pre-consolidatIon pyrite, galena, very sma 11 (20-40 .... ) • indistinct.
tuffaceous. brecciation. spha lerl te, In calcite.

102.4 m Soft-Pebb Ie Conglomerate. Mainly plastically Typical plastic deform- Lenses/layers of carbon Igneous pebbles are mafic/ultramafic"
deformed ·org 111 i te pebbles, wi th embedded at lon, squeezing, aceous, slderitlc completely altered. Whole rock formed I
rounded pebb lesof radiolarian chert, slderitl slumpTng, IIf 1owll .. compos i tion. Magnetite, under unstable conditions, wi th
chert. altered 7basalt. structures. chromlte in igneous slumping. Argi 11 i te may be tuffaceous I

106.7 m Ultramafic Lava-Breccia. Irregular fragments Evidently originally Very fine peuu,es.
~idespreadchromite supports ultra-

of serpentinised, extensively slderltlsed glassy, wi th small chroml te crysta'1s mafic origIn; possibly extrusive, and
(T. S. 31849) 7ultramafic glassy lava; reI Ict pyroxene'" pyroxene phenocrysts. throughout. Antigorite broadly related to 28.1 m.

phenocryst textures. Shea red. veins.
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LIST OF PLANS

1 Petrographic description of Washington Hay drill
hole and rock types

11 Washington Hay drill hole logs

III Dighem Ltd's report on the DIGHEM survey.

.
Sheet t'lH-A/2 t'lashington Hay Area - SUrface Fact and Interpretation.

Sheet m-H/2 . t-7ashington Hay Area - RA4 Section and Profiles

Sheet vlH-J/2 • Washington Hay Area - RA6 section and Profiles

D.S.-A & B:DighmBurvey E.L.l/63 1980 - Electranagnetics and Fesistivity

D.S.-;<: & D Dighem Survey E.L.l/63 1980 - Magnetics and Enhanced Magnetics.
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RANGE AREAS

,WASHINGTON HAY AREA

(i) Completed Exploration

(ii) Future Work Recommended

EASTERN SEDI}lliNT SEQUENCE

(i) Completed Exploration

(ii) Future Work ReCommended

nW n PROSPECT, WHYTE HILL AND MAGNET

(i) Completed Exploration

(ii) Future Work Recommended

GRANITE CONTACT ZONESD.

C.

(i) Completed Exploration

(ii) Future Work Recommended

E. GENERAL WORK ON EXPLORATION LICENCE 1/63

A. PREVIOUS EXPLORATION

B. EXPLORATION OBJECTIVES

CONTENTS
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4. EXPENDITURE

7. APPENDICES

5. CONCLUSIONS

6. REFERENCES
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SU~.ARY.

Two holes were drilled in the Washington Hay area. The results
were not very encouraging.

An analysis of a DIGHEM survey showed a promising anomaly in
the eastern portion of the lease.

Work commenced in the northern portion of the lease with the
cutting of grid lines.

Compilation of previous work indicated an area in which to
drill a diamond drill hole to intersect the southern extension
of .Hall's Formation - the Cleveland Mine lode horizon.

Compilation of all previous data onto base sheets continued.

....
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INTRODUCTION

The area in which exploration licence E.L. 1/63 is situated is
the northwest of Tasmania, 98 kilometres from Burnie at
latitude 41 degrees 28 minutes S and longitude 145 degrees
24 minutes E.

This exploration licence surrounding the Cleveland Tin Limited
Mining Lease (M.L. 27M/7l) was granted to Aberfoyle Tin
Development Partnership in August 1963. It has been held by
subsidiaries of the Aberfoyle Group of companies since 1963
and is presently held by Cleveland Tin Limited.

A. PREVIOUS EXPLORATION

The original reconnaissance geological mapping on E.L. 1/63 was
undertaken by Cox (1967) and Glasson and Cox (1969). This work
involved minor stream sediment sampling and analysing, ground
magnetometer traverses and minor self potential evaluation. On
completion of this preliminary work (from 1964 to 1968) Cox
(1969) delineated 13 areas within E.L. 1/63 which required
follow-up geological evaluation.

The presentation of geological interpretations with minor follow­
up field reconnaissance trips continued until 1970. The
exploration history of E.L. 1/63 from 1970 to 1979 has been out­
lined briefly in Ellis (1980).

B. EXPLORATION OBJECTIVES (This program)

The previous exploration delineated several areas which required
follow-up evaluation in varying degrees of detail. These areas
of work were as follows:

(a) Washington Hay Area

(b) Eastern Sediment Sequence

(cJ "W" Prospect, Whyte Hill and Magnet Range Areas

(dJ Granite Contact Zones (Eastern Area)

(eJ General Work on E.L. 1/63.

Details of the results of previous work and.the proposed work
for each of these areas are given in Ellis (1980). No further
details will be given in this report.
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EXPLORATION AND DEVELOPMENT

The exploration program outlined above was planned for the
Aberfoyle parent company for 1980. Thus the period detailed
in this report represents just one phase of the continuing
exploration program. This report covers the exploration activity
for the six month period ending on the 11th August, 1980 (this
period). In this report "the next period" refers to the six
month period ending on 11th February, 1981, while "the last
period" refers to the six month period ending on 11th February,
1980.

A. WASHINGTON HAY AREA

(i) Completed Exploration

In the last period compilation and check field work between
RAI and RA12 (grid lines) defined a diamond drill hole target.
In this period the access (including a small costean off the
access road) to the proposed drill site was completed (Washington
Hay Sheet WH-A/2) and the drilling of two cored diamond drill
holes was undertaken (Hole Nos. clS10 and CISl5). The drilling
intersected dominantly chocolate shales, ultra basics and
sandstones (Appendix 1). Two brecciated fault zones were inter­
sected in each of the-holes (Appendix 11). These zones were
mineralised, mainly by a concentration-of suphide-rich veins
within the fault zones. This mineralisation was sufficient to
explain the geochemical anomalies observed in the soil samples.
Similarly the weak I.P. anomaly can be explained by these
weakly conducting mineralised fault zones. The fault zones
were independent of rock types. In C1510 they occurred in the
sandstones while in C15l5 they were dominantly in the ultra­
basics. This fact of faults being independent of rock types
corresponded to the surface outcrop of the mineralaised fault
zones and their varying rock types.

Although mineralisation was encountered in both drill holes
the mineralisation occurred only as narrow veins. The best
grades sampled was for a sample interval of 0.64 metres in
hole C15l0 which had an analysis of:

Sn 0.07%
cu 0.01%
Zn 1.50%
Pb 5.50%
Ag l80ppm

A study of vein minerals (Washington Hay Sheets WH-H/2 and
WH-J/2) showed the dominant minerals of most veins to be quartz
and carbonates. Sphalerite also occurred in most veins although
it appeared to be less abundant in the upper portions of C15l0
than elsewhere. Similarly galena occurred in most veins but
in the lower mineralised zone of CISlO it tended to be absent
from many of the veins. This variation in the relative
abundances of galena and sphalerite in Cl5l0 may suggest that
a tin zone may occur at depth below C15l0 according to the

'..
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mineral zoning concept. However, this is based only on very
weak evidence in C1510. Furthermore, any such tin deposit at
depth would only be a fault breccia infill and would thus be
uneconomtcal.

On completion of the drilling program, further geological mapping
was undertaken to the west of the diamond drill hole sites.
This was an attempt to determine the stratigraphy in this area
and help to locate the stratigraphy intersected in the drill
holes into the Cleveland Mine Sequence,. The field mapping
showed the area to the west of the Washington Workings contained
ultrabasics, chocolate shales, cherts and sandstones.

(ii) Future Work Recommended

The available geological, geochemical and geophysical data for
the area covering grid lines RAl2 to RA25 (to the south of the
Washington Hay area of grid lines RA1 to RA12) should be compiled
onto a series of 1:1000 base plans similar to those for the
Washington Hay area. This data should then be interpreted.
Any geological interpretations should be assisted by the location
and following of outcropping chert horizons in the field.

On completion of this compilation of all existing data (which
may require chain and compass surveying of the old grid lines)
the I.P., magnetic, geochemical and geological traverses should
be extended to cover any favourable trends or regions.

B. EASTERN SEDIMENT SEQUENCE

(i) Completed Exploration

In the last period the new forestry roads and skidways in the
Eastern Ridge area of EL 1/63 were mapped. Part of this
geological mapping has been completed onto the 1:1000 base
sheets. The remainder will be included on these base sheets
in the next period.

The samples of the Eastern Sediments despatched for petrological
examination have not been returned. The results of the petrol­
ogical studies will be included (with maps and sample locations)
in the report for the next period.

(ii) Future Work Recommended

The mapping in the Fall's Creek/Eastern Ridge area has defined
the location of the southern extension of Hall's Formation (the
mine lode horizon). To test the stratigraphy at depth it is
proposed to drill a diamond drill hole from the Eastern Sediment
sequence through the Deep Creek Volcanics and Hall'·s Formation
into the Crescent Spur Mica Sandstone. This drill hole will
be in the vicinity of section line AX (on the Battery Reference
Grid). The dozing of an access track to the drill site will
commence early in the next period with the diamond drilling
being completed by the end of that period.

I



I
I
I
I
I
I
I
I
I

~
I
I
I
I

041032

C. "w" PROSPECT, WHYTE HILL AND MAGNET RANGE AREAS

(i) Completed Exploration

An investigation of old records has recently shown that the
entire licence area of E.L. 1/63 was covered by cut lines with
geochemical, geological and geophysical traverses. However,
since consultant geologists to the Aberfoyle Group in 1971-72
criticisedthe.original work most of the original investigations
have been ignored. The criticisms, however, did not invalidate
the original work.

ThUs the original proposal of cutting 15 to 20 grid lines and
a base line to cover the entire area of E.L. 1/63 north of the
Whyte Hill area was split into two stages. The first stage of
this program was to cut the baseline and four cross lines of
the original proposed grid. The cross lines were to be spaced
at 500 metre intervals. The five lines (4 cross lines and
baseline) were then to be covered by a ground magnetometer
traverse and soil geochemistry as well as geological mapping.
The results of the first stage were then to be compared to the
results of the earlier traverses (if the data can be located
accurately) •

If there were discrepancies between the old and new traverses
then stage two would be implemented. Stage two would consist
of cutting the intermediate cross lines at 100 to 125 metre
intervals and then cover these lines with geological mapping,
geophysical traverses and soil geochemical surveys.

In this period the base lines and four initial cross lines were
cut.

(ii) Future Work Recommended

In the next period it is proposed to survey the cut lines by
chain and compass and then complete stage one of the proposal
by conducting ground magnetometer, soil geochemical and geological
traverses. While this field work is in progress it is proposed
that all the previous records will be fully investigated and
compiled (with more recent data) onto a single series of base
plans.

If a comparison of the old compilation and the new field data
shows large discrepancies, then stage two of the proposal (above)
will be completed. This would involve further line cutting
and associated geological work. Most of this work should be
completed in the next period.

Also in the next period the mapping of strike outcrops in the
area between Whyte Hill and "w" Prospect will occur.

D. GRANITE CONTACT ZONES

(i) Completed Exploration

In conjunction with the Aberfoyle Exploration Department's

".
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exploration of E.L. 16/78 the granite contact zones on the
eastern side of E.L. 1/63-1 and within the eastern extensions
E.L. 1/63-2 were investigated. This investigation was by means
of an airborne DIGHEM geophysical survey the field work of which
was carried out during the last period. The consultant's
interpretation of the survey data was conducted in this period.

The accompanying report by Dighem Ltd.· (Appendix Ill) covers
all the DIGHEM work for the Aberfoyle Group in Tasmania. Only
part of the area covered under the chapters on "Circular
Feature" concerns the Cleveland Tin Ltd. Licence E •.L. 1/63.
The Aberfoyle Group geophysicist suggested that within E.L. 1/63
there is only one potentially good anomaly. This is anomaly
lSA in the eastern extension of the licence in E.L. 1/63-2.
It is thought that the anomaly has a bedrock source and shows
up on the electromagnetics, resistivity, magnetics and enhanced
magnetics. Preliminary field mapping (by the Aberfoyle Group)
suggested that the line of the DIGHEM anomaly lSA coincides
with the edge of a Tertiary basalt flow.

(ii) Future Work Recommended

The DIGHEM anomaly has to be explained. This will be done by
cutting a series of grid lines (and a base line) across the
anomaly. These grid lines will be mapped and then covered by

. geophysical and geochemical traverses.

This work is tentatively planned for the 1980-81 summer season.

E. GENERAL WORK ON EXPLORATION LICENCE 1/63

During this period the entire base area was covered by aerial
photography. This work was the first stage in the production
of a set of topographic plans of the lease area. Control
targets in the lease area are in the process of being tied
together by ground surveying. When this is completed photo­
grammetry can begin. The topographic plans will be completed
in the next period and will be included in the next period
report.

A start to the compilation of all existing data onto common
base sheets was made during this six month period. This work
will continue in the next period.

During this period it was found that much work has been done
within E.L. 1/63 which has not been recorded in an easily
retrievable form. Thus it is planned that in the next period
an attempt will be made to compile all previous data into a
single report (with accompanying plans) •
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Expenditure for the period February 12th to August 11th, 1980,
was as follows:
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EXPENDITURE

Geology

Survey

Aerial Survey Estimate (quote)

Geophysics

Geochemistry

Drilling

Development and Costeaning

Line Cutting

Tenure

Petrology Estimate

Miscellaneous

Total:

$ 18,445

1,860

8,388

4,345

625

40,833

6,822

4,062

363

260

413

$ 86,416
====== '"
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CONCLUSIONS

Drilling in the Washington Hay area explained the anomalous
soil geochemistry. Although minor mineralisation (Pb, Zn) in
a fault zone was intersected in the drill core no indication
of an economic Sn, Pb or Zn orebody was found. Further detailed
work is required to the west and south of the Washington Hay
Mine area. This will continue in the next period.

New roads and tracks to the south and east of the Cleveland
Mine were mapped. This mapping showed a barren sequence of
shales, volcanics and sandstones. The mapping was useful in
planning a stratigraphic drill hole which is intended to intersect
the southern extension of the Cleveland Mine Lode horizon
(Hall's Formation). This drilling will be commenced in the
following period. .

Line cutting commenced in the northern part of the lease.
Detailed mapping, geochemical and geophysical work will continue
in this area in the next period.

The DIGHEM survey of the eastern portion of the lease showed
one promising anomaly. This anomalous area will be investigated
on the ground during the next period.

Further work continued on the production of a set of base plans
containing all topographic, geological, geochemical and
geophysical data for the lease. This work will continue in
the next period.

The total expenditure for the six month period ending on the
11th of August 1980 was $86,400.
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DIGHEMI1 airborne electrom~gnetic/resistivity/magnetic..,
. surveys totalli~g 345 line-km were flown in February and

March,- 1980, for Aberfoyle Exploration Pty. Ltd., over

four areas in Tasmania.

The. geologic environment within the survey areas varied

from resistive to highly conductive. Several targets

were located in the Contact Creek and St. Dizier areas

which appear to warrant ground follow-up exploration.

The Circular Feature andZeehan areas yielded only a

few EM anomalies which may have sources in the bedrock.
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3. St. Dizier

4.' Zeehan

Southern

Figure 1. The survey areas
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difficulties in piloting the helicopter. The swinging results

from the 5 m2 of area which is presented by the bird to broad­

side gusts. The DIGHEM system nevertheless can be flown under

.,
, :
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. ;
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. •. ' I:.. -..,. - ....-._..'-.--_ ..

up to 40 km/h. Higher winds may cause the system to be

accuracy of one g~~a.

. INTRODUCTION

four areas in Tasmania (Figure 1). The surveys were flown in

sensitivity of 0.25 ppm/bit and the magnetic field to an

wind conditions that s~riously degrade other AEM systems.

the interval of February 11 to March 6, 1980. The Lama jet

helicopter VH-PDU flew with an average' airspeed of 115 km/h

and EM bird height of 35 m. Ancillary equipment consisted of

a Geometries 803 magnetometer with its.bird at an average

height of 50 m, a Sperry radio altimeter, Geocam sequence

grounded because excessive bird swinging produces control

camera, 50 Hz monito~, Barringer 8-channel hot pen analog

recorder, and a Geometries G-7l4 digital data acquisition'

system with a Kennedy 9700 9-track 800-bpi magnetic tape'

recorder. The analog equipment recorded six channels of EM

data at approximately 900 Hz and one of magnetics and radio

altitude•. The digital equipment recorded the EM data with a

nIGHEMII surveys of 345 line-km were flown with line-spacings

of 200 and 250 m for Aberfoyle Exploration Pty. Ltd. over

. The Appendix provides details on the data channels, their

respective noise levels, and the data reduction procedure.

The quoted noise levels are generally valid for wind speeds
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Resistivity contour maps should

Resistivity contour maps result

DATA PRESENTATION

The discrete class consists of sharp well

A later section entitled Resistivity mapping

'.

conductive overburden and rock, and geothermal zones.

conductive overburden.

I
I
1 DIGHEM electromagnetic responses fall into two general classes,

1 discrete and broad.

defined anomalies from discrete conductors such as sulfide

I lenses and steeply dipping sheets of graphite and sulfides.

The broad class consists of wide anomalies ,from conductors having

I a large horizontal surface such as flatly dipping graphite or

I sulfide sheets, saline water-saturated s~dimentary formations,

,I vertical conductive slab with a width of 200 m would straddle

l1:hese two classes.

I The vertical sheet' (half plane) model is the most COIl'.mon model

used for the analysis of discrete conductors. All anomalies

11 plotted on the electromagnetic map are interpreted according

'~o this model. The fo~lowing section entitled Discrete conductor

1 analysis describes this model in detail~ including the effect

I of using it on ano~alies caused by broad conductors such as

1
The conductive earth (half space) model is the most suitable

1model for broad conductors.

I from the use of this model.

be prepared when the'EM responses predominantly are of the

I, broad class.

describes the method further, including the effect of using

I it on anomalies caused by discrete conductors such as sulfide

1 bodies.

I



DIGHEM anomalies are divided into six grades of

The mho value is a geological parameter because it is a

conductors are not confused with small anomalies from shallow

",

041044

The conductance in mhos

- 3

EM Anomaly Grades

Small anomalies from deeply buried strong

Table I.-

"/

Anomaly Grade Mho Range \ ~
6 ~ 100 •5 50 99
4 20 49
3 ~o 19
2 5 9
1 ~ 4

".

* This statement is an approximation. DIGHEH, with its short
coil separation, tends to yield larger and more accurate mho
values than airborne systems having a larger coil separation.

weak conductors because the former will have larger mho values.

characteris~ic of the conductor alone; it generally is independent

of frequency, and of flying height or depth of burial apart

from the averaging over a greater portion of the conductor as

,"
The EM anomalies appearing on the electrom~gneticmap are

is ±he reciprocal of resistance in ohms.

conductivity-thickness product) in mhos of a vertical sheet

Discrete conductor analysis

interpreted by computer to give the conductance (i.e.,

.conductance, as shown in Table I.
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Strong conductors (i.e., grades 5 and 6) are characteristic of

, massive sulfides or graphite. Moderate conductors (grades 3

and 4) typically reflect sulfides of a less massive character

Conductive overburden generally produces broad EM responses

which are not plotted on the EM maps. ~owever, patchy

conductive overburden in otherwise resistive areas can yield

discrete-like anomalies with a conductance grade (cf. Table I)

of 1, or even 'of 2 for conducting clays which have resistivities

as low as 50 ohm-me In areas where ground resistivities can be

as low as 1 ohm-m, anomalies caused by weathering variations

and f;:' :'",r causes can have conductance grades as high as 4.

The anomaly shapes from the multiple coils often allow such

surface conductors to be recognized, and these are indicated

by the letter S on the map. The remain~nganomalies ~n such

areas could be bedrock conductors. The higher grades indicate

increasingly higher conductances. Examples: DIGHEM's New Insco

copper discovery (Noranda, Quebec, Canada) yielded a grade 4

,anomaly, as did the neighbouring copper-zinc Magusi River ore

body; l1attabi (copper-zinc, Sturgeon Lake, Ontario, Canada)

and Whistle (nickel, Sudbury, Ontario, Canada) gave grade 5;

and DIGHEM's Montcalm nickel-copper discovery (Tir.mins, Ontario,

Canada) yielded a grade 6 anomaly. Graphite and sulfides can

span all grades but, in any particular survey area, field work

may show that the different grades indicate different types of

conductors.
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or graphite, while weak bedrock conductors (grades I and 2) can

signify poorly connected graphite or'heavily disseminated

sulfides. Grade I conductors may not res~ond to ground EM
•

equipment using frequencies less than 20qO Hz.

The presence of sphalerite or gangue can result in ore deposits

having weak to moderate conductances. As an example, the

three million ton lead-zinc deposit of Restigouche Mining

Corporation near Bathurst, New Brunswick, yielded a well defined

grade I conductor. The 10 percent by volume of sphalerite

occurs as a coating around the fine grained massive pyrite,

thereby inhibiting electrical conduction.

On t:'." .' "ctromagnetic map, the actual mho value and a letter

are plotted beside the EM grade symbol. The letter is the

anomaly identifier. The horizontal rows of dots, beside each

anomaly symbol, indicate the anomaly amplitude of the flight

record. The vertical col~~n of dots gives the estimated depth.

In areas where anomalies are crowded, the identifiers, dots

and mho values may be obliterated. The EM grade symbols,

however, \'lill allvays be discernible, and the obliterated

information can be obtained from the anomaly listing appended

to this report.

The purpose of indicating the anomaly amplitude by dots is

to provide an estimate of the reliability of the conductance

calculation. .Thus, a conductance value obtained from a

large ppm anomaly (3 or 4 dots) will be accurate whereas one

obtained from a small ppm anomaly (no dots) could be inaccurate.
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The absence of amplitude'dots indicates that the anomaly from
,.

the standard (coaxial maximum-coupled) coil is 5 ppm or less

on both the inphase and quadrature channels. Such small

anomalies could reflect a weak conductor at the surface, or a

stronger conductor at depth. The mho value and depth estimate

will illustrate which of these possibilities best fits the

recorded data. The depth estimate, however, can be erroneous.

The anomaly from a near-surface conduct~r, which exists only

to one side of a flight line, will yield a large depth estimate

because the computer assumes that the conductor occurs directly

beneath the flight line.

Flight line deviations occasionally yield cases. where two

anomalies, having similar mho values but dramatically different

depth estimates, occur close together on the same conductor.

Such examples illustrate the reliability of the conductance

measurement while showing that the depth estimate can be

unreliable. There are a nUFber of factors which can produce

an error in the depth estimate, including the averaging of

topographic variations by the altimeter, overlying conductive

overburden,- and the location and attitude of the conductor

relative to the flight line. Conductor location and attitude

can provide an erroneous depth estimate because the stronger

part of the conductor may·be deeper or to one siqe of the

flight line, or because it has a shallow dip.
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A further interpretation is presented on the EM map by means
,,'

of the line-to-line correlation of anomalies.. This provides

conductor axes which may define the geo16~ical structure

over portions of the survey area.

The majority of massive sulfide ore deposi~s have strike lengths

of a hundred to a thousand metres. Consequently, it is

important to recognize short conductors which may exist in

close proximity to long conductive bands. The high resolution

of the DIGHElol system, ~nd the line-to-line correlation given

on the EM map, are especially important for a proper strike

length evaluation.

DIGHEM electromagnetic maps are designed ~o provide a correct

impression of conductor quality by means of the conductance

grade symbols. The s~ols can stand alone with geology when

planning a followup program. The actual mho values are

plotted for those who wish quantitative data. The anomaly ppm

and depth are indicated by inconspicuous dots which should not

distract from the conductor patterns, while being helpful to

those who wish this information. The map provides an

interpretation of conductors in terms of length, strike direction,

conductance and depth. The accuracy is comparable to an

interpretation from a ground EM survey having the same line

spacing.
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Resistivity mapping

..

Areas of widespread conductivity have been encountered

while surveying for base metals. In such areas, anomalies
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An EM anomaly list attached to each survey report provides

a tabulation of anomalies in ppm, and in mhos and.•
estimated d~pth for the vertical ,sheet mod~i. 'The anomalies

are listed from top to bottom of the map for each line.

The EM anomaly list also shows the conductance in mhos and

the depth for a thin horizontal sheet (whole plane) model,

but only the vertical sheet parameters appear on the EM map.

The horizontal sheet model is suitable fo! a flat~y dipping

thin bedrock conductor such as a sulfide sheet having

a thickness less than 15 m. The list also shows the

resistivity and depth for a conductive earth (half space)

model, which is suitable for thicker slabs such as thick

conductive overburden. In the EM anomaly list, a depth value

of zero for the conc~ .e earth mOdel, in an area of thick

cover, warns that the anomaly may be caused by conductive

overburden. Since discrete bodies normally are the targets

of EM surveys, local base (or zero) levels are used to compute

anomaly amplitudes rather than true zero levels. The use of

local base levels may distort the horizontal sheet and

conductive earth parameters. True zero levels, ho"ever, are

used for resistivity mapping, discussed below.
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can be generated by decreases of only 5 m in survey altitude,

as well as by increases in conductivity~ The. typical flight

record in conu~~ ~ ~reas is characteriz~d by inphase and

quadrature channeis which are continuously active, local peaks

reflect either increases in conductivity of the earth or

decreases in survey altitude. For such cOnductive areas,

'apparent resistivity profiles and contour maps can aid the

interpretation of the airborne data. The advantage of the

resistivity parameter is that anomalies caused by altitude

changes are virtually eliminated, so the resistivity data

reflect those anomalies caused by conductivity changes. This

helps the interpreter to differentiate between conductive

trends in the bedrock and those patterns typical of conductive

overburden. Discrete conductors will generally appear as

narrow lows on the contour map and broad conductors will appear

as wide lows.

Conductive overburden diminishes the ability of any EM system

to e~fectively explore the bedrock. For example, the lower

the resistivity of the cover, the more active the EM channels,

and the less the likelihood of recognizing that a particular

anomaly might be caused by a bedrock conductor. As a general

rule of thumb, the effectiveness of most EX systems for base metal

exploration is given in Table II~
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Resi;;tivity Exploration effectiveness
for most Eli systems

> 300 Ohm-Ill excellent.
100 to 300 good

"

30 to 100 moderate ..

'"
.

30 poor

should always be constructed when

Table II. Influence of Conductive Cover
On Dase Betal Surveys.
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the exploration effectiveness. (Table II) 'is moderate to poor.

DIGHEM11 surveys yield apparent resistivity maps as a standard

product.

Channel 40 (see Appendix) presents the apparent resistivity

using the so-called pseudo-layer half space model defined

in Fraser "(l97B)*. This model consists of a resistive layer

overlying a conductive half space. Channel 41 (often not

plotted) gives the apparent depth below surface of the conductive

* Resistivity mapping with an airborne multicoil electromag~etic

system: Geophysics, v. 43, "p. 144-172 •

".
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The apparent depth parameter is a useful indicator of simple

- layering in areas lacking a heavy tree cover. The DIGHEM11

system has been flo~m for the purpose of permafrost mapping,

where positive apparent depths were used as a measure of

permafrost thickness. However, little auantitative use

has been made of negative apparent depths because the

absolute value of the negative depth-is not a measure of

the thickness of the conductive upper layer and, therefore,_

is not meapingful physically. Thus, the apparent depth

parameter is useful only in certain situations and so

generally is not plotted.

material. The apparent depth therefore is simply the apparent

~hickness of the overlying resistive layer. The apparent
>

depth (or thickness) parameter will be positive when the upper. .
layer is more resistive than the underlying material, in which

case the apparent depth may be quite close to the true depth.

,

,
~,

~.

D4105211 -

The apparent depth will be negative when ~he upper layer is

more conductive than the underlying material, and will be

zero when a homogeneous half space exists. The apparent

depth parameter must be interpreted cautiously because it

will contain any errors which may exist in the measured

altitude of the EM bird (e.g., as caused by a dense tree cover).
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X-type electromagnetic responses : i
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ppm, and refle"cts one of the following: a weak conductor

the'surface, a strong conductor at' depth (e.g~, 100 to 120 m
" "

of 2

I near

I
I
I

DIGHEH11 maps contain x-type EM response~ in ad,dition to EM

,I anomalies. An x-type response is below the noise threshold

Ipelow surface), or nOi~e. Those responses that have the

appearance of valid bedrock anomalies on the flight profiles

"I are mentioned in the report. The others' ~hould not be fOll~\'led . ,

I up unless th<;; 'locations are of considerable geological interest.

IThe thickness oararneter
,

I.DIGHEM11 can provide an indication of the thickness of a steeply

"dipping conductor. The ratio of the anomaly amplitude of

IChannel 24/channel 22 generally increases as the apparent

IthiCkness increases, i.e., the thickness in the horizontal plane.

This thickness is equal to the conductor width if the conductor

Idips at 90 degrees and strikes at right angles to the flight

Iline. Jhis:report refers to a conductor as thin when the thick­

ness is likely to be less than 3 m, and thick when in excess of

110 m. Thick" conductors can be high priority targets because most

massive sulfide ore bodies are thick, whereas non-economic bedrock

IlOnductors are usually thin. An estimate of thickness cannot be

Irbtai~ed when the strike of the conductor is subparallel to the

flight line, when the conductqr has a shallow dip, when the

lanOmalY amplitudes are small, ~r when the resistivity of the

I environment is belml 100 ohm-m.

I ".
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Hc<:!t;ctionof conductive ovcrbur.UC'h response ·0410 fJ :1

The Di:Gl!~NII system yields four channels \~hich ':1':'1'-'::;- ~.~ ','

free of the response of conductive overburden. 'riF:"r, 'l),,'

the inphase difference channel 33, the quadratu1.;

channel 34, and the b,'o anomaly recognition functi· .. ,.

channels 35 and 36. Channels 35 and 36 arc used to t" ...,'

the conductance channel 37 which identifies discrete conducto).,:

In highly conducting environments, channel 36 is not genera1:c~

because it is SUbject to some corruption by highly conductive
.'

earth signals.

Discrete conductors usually occur in the bedrock, such as

sulfides or graphite, r~ther than in the overburden, such as

conductive clay. Only discrete conductors are plotted on the

EM map. Broad (i.e., non-discrete) conductors are not plotted

on this map, but are identified by lows on the resistivity

contour map.

Reduction of magnetite response

Magnetite produces a form of geological noise on the inphase

channels of all EM syste~s. Rocks containing as little as 1%

magnetite can yield negative inphase anomalies. When magnetite

is widely distributed throughout a survey area, the inphase EM

channels may continuously rise and fall reflecting variations

in the magnetite percentage, flying height, and overburden

thickness. This can lead to difficulties in recognizing deeply

buricd bedrock conductors, particularly if conductive overburden

also exists. However, the response of magnetite generally

vanishes on the inphase differences channel 33. This feature ca~

be a significant aid in the recognition of conductors which OCCUI

-~_.- ..··_'._"''',.,kt; cont<lining <lcccssory magnetite.

....
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HAGNETICS

The existence of a magnetic correlation with ~n EM anomaly

is indicated directly on the EM map. An EM anomaly with

magnetic correlation has a greater likelihood of being

produced by sulfides than one that is non-magnetic. Hov/ever I

sulfide ore bodies may be non-magnetic (e.g., Kidd Creek

near Timmins, Ontario, Canada) as well as magnetic
.. '

(e.g. , Hattabi).

The magnetometer data are digitally recorded in the aircraft

to an accuracy of one gamma. The digital tape is processed

by computer to yield a standard total field magnetic map

contoured at 25 gaa~a intervals. The magnetic data also

are treated mathematically to enhance the magnetic response

of the near-surface geology, and an enhanced magnetic map

is produced with a 100, gamma contour interval. The response

of the enhancement operator in the frequency domain is shown

in' Figure 2. The 100 ga~~a contour interval is equivalent

to a 5 gamma interval for the passband components of the

airborne data. This is because these components are amplified

20 times by, the operator of Figure 2.

The enhanced magnetic map bears a resemblance to a ground

magnetic map. It therefore simplifies the recognition of

trends in the rock strata and the interpretation of

..
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.
geological structure. The contour interval of 100 gammas

is suitable for defining the near-surface. local geology

while de-emphasizing deep-seated regional features.

Apart from the difference in the contour interval, the

enhanced magnetic map and the standard magnetic map are

identical when magnetic basement rocks underlie a thousand

metres of non-magnetic cover. The diff~rence between the

two maps increase with the amount of magnetization of the

near-surface geology.

The presence of a magnetic coincidence with an EM anomaly

can result because the conductor is magnetic or because

a magnetic body occurs in juxtaposition with the conductor.

The majority of magnetic conductors represent sulfides

containing pyrrhotite or magnetite. However, graphite

and magnetite in close association can provide coinciding

EM-magnetic anomalies. The truly magnetic conductors

tend to follow closely the contoured magnetic highs.

Such coincidence may be more evident on the enhanced

magnetic map than on the standard magnetic map because

of less disturbance from regional magnetic features. The

enhancement, therefore, provides data maps which contribute

to the evaluation of EM anomalies.
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Sheet 1, Contact Creek

directed to identifying bedrock conductors.

The EM maps indicate which anomalies are believed to be

caused by cultural and surficial sources. Generally, such

anomalies are not co~~ented on below, as the discussions are

I
,I

j'04 1 0 e'p
...L '-~ 0

- 17 -

. CONDUCTORS IN THE SURVEY AREA

i
t

I

line. When studying the EM maps for followup planning, consult

the anomaly listings appended to this report to ensure that

none of the conductors are overlooked •

The electromagnetic maps show the locations of conductors and

their interpreted conductance (i.e., conductivity-thickness

product) and depth. Their strike direction and length are

also shown when the anomalies can be correlated from line to

The apparent depth parameter (channel 41) usually aids in

distinguishing between conductive overburden and broad bed­

rock conductors. The depth parameter is computed as the

height of the EM bird above the conductor, less bird altitude.

The dense tree cover caused the altimeter readings to be

inaccurate. Consequently, the depth parameter did not

contribute reliably to the interpretation •

The area of sheet-l comprises 82 line-km of survey •

Resistivities vary from in excess of 1000 ohm-m to less than

3 ohm-m. The area is quite active magnetically. The enhanced
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*This designation refers to anomaly B on line 114

on, the standard total field magnetic ,map.
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a direct magnetic correlation of

better defined on the resistivity

•

30 gammas as can best be seen on

the enhanced magnetic map. The

conductive zone is quite broad

and, therefore, is better 'defined

within these two groupings. The

A number of weak responses occurs

locally within the zone, and one

conductive section occurs at 103A.

map.

conductivity distributions are

isolatea EM anomaly (114B*) has

However, magnetic activity occurs

on the resistivity map than on

which is generally non-magnetic.

The EM anomalies of this grouping

reflect a long conductive zone

'the EM map. A locally thick

•

- 18 -

magnetic map shows a number of features which are not evident
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reflects conductive surface material.

. Sheet· '2',' Circular Feature

overburden. Thus, 109E and l14G are believed to be bedrock

· ,
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represent a weak extension of

maps suggest that group 3 could

resistivity map .and both magnetic

A very attractive conductive

ductive material which is locally

target is contained within Group. ...

4. The conductor appears to

consist of a broad mass of con-

magnetic (IOZE) and has locally

thick sections (104D). The

. group 4.

- 19 -
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Resistivities are generally in excess of 1000 o~~-m, with the

..

lowest values of about 20 ohm-m occurring in the eastern

The area of sheet 2 consists of 90 line-km of survey.

conductors. Much of the conductivity, however, probably

that some heterogeneity occurs within this area, i.e., the

conductive material is not uniformly flat-lying conductive

The northeast quadrant of the resistivity map illustrates that

this portion of the survey area comprises widespread but weakly

conductive materials. The difference channels (33, 34) show

Group 4
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locally conductive bedrock and overburden features. The area

is active magnetically. The concentration of magnetite at

than 700 ohm-m, but values as low as 10 ohm-m occur due to

The EM anomalies to the east (e.g., 8B-13xF, l2C, l2D, etc.),

the southwest end of lines 226 to 229 and 231 has produced

a prominent, unusual magnetic anomaly of a dipolar character.

The area of sheet 3 comprises 161 1ine-km of survey. The

resistivity of the geologic environment is typically higher

Sheet 3, St. Dizier

of channel 41.

and the associated resistivity low, represent bedrock

conductors. This i~ indicated by the 'large depth estimates

and resistivity lows.

.
appears to be no direct correlation between magneti.c highs

" '

The anomaly of lSA probably has a bedrock source. The

The areally large resistivity low to the west may be caused

by surficial conductivity. The depth estimates of channel 41

are slightly positive, s~ggesting a bedrock source, but heavy

tree cover could have produced this result.

section. The area is quite active magnetically, but there

resistivity map shows that this conductor extends southwards

to.the survey boundary.
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conductors. Conductor 21SB

A thin bedrock conductor is
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indicated by these grade 1 and 2

be magnetic.

appears to be thick.

anomalies. The conductor may

beyond the survey boundary.

at 202C, 202D, and 203A.

appears to be quite broad. It is

better portrayed by the resistivity

map. Locally thick sections occur

These grade 3 and 1 anomalies

A thin magnetic bedrock conductor

is indicated by this grade 3

anomaly. The conductor may extend

survey boundary. This zone

The. grade 1 to 5 anomalies of

tb~s grou~ing reflect a conductive. '. . .

reflect a bedrock conductor or

The grade 1 to 6 anomalies of

this grouping reflect a system

of mostly non-magnetic bedrock

.
. zone w'h1ch extends beyond the

- 21 -

Anomaly 201 I

'.

Group 1

. .

Group 2

Anomaly 2l9A-22lA

Anomalies 220C, 221C
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western part of line 401 correlates with a pair of weak

anomalies, no other EM responses were observed which would ,
t
~
I
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·041063

Apart from these

It is of interest to

of magnetite resulted in negative

at 227C and 2280.

on EM inphase channels 22 and 24

note the influence of magnetite

EM responses and produced a strong

grouping.

A system of thin, mostly magnetic

conductors is indicated by the

grade l'to 3 anomalies of this

a southeasterly extension of the

conductors which may. constitute

,group 2 conductors.

'm~gnetic feature of a bipolar

character.

- 22 -

•

The low resistivity zone along the

..

indicate the presence of bedrock conductors in the survey area.

resistivity of the geologic environment varies from about 200

Group 3

ohm-m to 1000 ohm-m.

conductors which may occur in the bedrock.

The area of sheet 4 consists of 12 line-km of survey.
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Sixteen map sheets accompany this report:

Respectfully submitted,

DJ.GHEM LIl1ITED

1-

I
I
I
I
I'
I
I
I
I
I

•".
I
I
I
I
I
I
I
I

Electromagnetics

Resistivity

M!lgnetics

Enhanced magnetics

..

- 23 -
•

•

President

:?i3.~~

z. Dvorak

Geophysicist

..

.041064

4 map sheets

4 map sheets

4 map sheets

4 map sheets



•

A P PEN D I X

THE FLIGHT RECORD AND PATH RECOVERY

,

..

I
I
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Noise

2 gamma
2m
1-2 ppm
1-2 ppm
1-2 ppm
1-2 ppm
1-2 ppm
1-2 ppm
1-2 ppm
1-2 ppm
1-2 ppm
1-2 ppm
1-2 ppm
1-2 ppm

..

Scale
units/mm

10 galllllla
3m
1 ppm
1 ppm
1 ppm
1 ppm
1 ppm
1 ppm

.1 ppm
1 ppm
1 ppm
1 ppm
1 ppm

·1 ppm
1 mho

.03 decade
3m

Parameter
magnetics
altitude
standard* coil-pair inphase
standard coil-pair quadrature
whaletail** coil-pair inphase
whale tail coil-pair quadrature
ambient noise monitor (standard receiver)
~bient noise monitor (whaletail receiver)
sums function inphase***
sums function quadrature***
difference function inphase
difference function quadrature
first anomaly recognition function
second anomaly recognition function
conductance
log resistivity
apparent depth to conductive half space

20
21
22
23
24
25
28
29
31
32
33
34
35
36
37
40
41

The log resistivity scale of 0.03 decade/rom means that the

..

The flight record is a roll of chart paper containing the

-041065

* coaxial
** horizontal coplanar
*** generally not plotted

resistivity changes by an order of magnitude in 33 rom. The

Channel
Number

geophysical profi1es-. The profiles are generated by computer

at a scale identical to the geophysical maps. The flight

record contains up to 17 channels of information, as follows:

resistivities at 0, 33, 67 and 100 rom up from the bottom of the

chart are respectively 1, 10, 100 and 1000 ohm-me
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"

therefore reflect a more stringent checking than is provided

Continuous photographic coverage allowed accurate photo-path

provides two completely independent surveys at one pass. In
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by standard flight path recovery techniques.

The following brief description of DIGHEM1I illustrates

the information content of' the various,profiles*.

The fiducial marks on the flight record represent points

The fiducial locations on both the flight records and

'.

frequency is given in the Introduction.) Thus, the system

include an inphase channel and a quadrature channel which

essentially are free of the response of conductive overburden.

The DIGHEMII system has two transmitter coils which are

mounted at right angles to each other. (The transmitted

greater than 15 m). Further, the EM channels include a channel

Also, the EM channels may indicate whether the conductor is

thin (e.g., less than 3 ml, or has a substantial width (e.g.,

flight path maps were examined by a computer for unusual

helicopter speed changes. Such changes pften denote an error

in flight path recovery. The resulting flight path locations

on the geophysical maps to provide the trafk o£ the aircraft •

of resistivity and another of conductance. A minimum of 10 EM

channels are provided. The DIGHEMII system therefore gives

recovery locations for the fiducials, which were then 'plotted

addition, the flight chart profiles (generated by computer)

on the ground which were recognized by the aircraft navigator.

airborne or ground EM technique.
•

*For a detailed description see D.C. Fraser; Geophysics,

v.44, p.1367-1394.

information in one pass which cannot be obtained by any other
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Figure Al shows a DIGHEMI1 flight profile over the massive

,
pyrrhotite ore body in Hontcalm Township, Ontario. ·It will

serve to identify the various channels.

The two upper channels (numbered 20 and 21) are respectively
"

the magnetics and the radio altitude. Channels 22 and 23 are

respectively the inphase and quadrature of the coaxial coil-pair,
•

which is termed the standard coil-pair. This coil-pair is

equivalent to the standard coil-pair of all inphase~quadrature

airborne EM systems. Channels 24 and 25 are the inphase and

quadrature o£ the additional coplanar coil-pair which is termed

the whaletail coil-pair.

Channels 31 and 32 are inphase and quadrature sums functions

of the standard and whaletail channels; they provide a condensed

view of the four basic channels 22 to 25. The s~~s channels

normally are not plotted.

Channels 33 and 34 are inphase and quadrature differences

functions of the standard and whaletail channels. The differences

channels are almost free froM the response of conductive over­

burden. Channel 37 is the conductance. The conductance channel

essentially is an automatic anomaly picker calibrated in

conductance units of mhos; it is triggered by the anomaly

recognition functions shown as channels 35 and 36.

Channel 40 is the resistivity, which is derived from the

whaletail channels 24 and 25. The resistivity channel 40 yields

data which can be contoured, and so the DIGHEM11 system yields a

resistivity contour map in addition to an electromagnetic map, a

magnetic contour map, and an enhanced magnetic contour map. The

..

., ..

I
I



2. The whaletail anomaly of channel 24 has a single peak.

1. On channels 22-25 and 31-34, the ore body essentially

* Cdn. Inst. Mng., Bull., April 1974.
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The ore body yields a resistivity of 5 ohm-m in a background

of about 200 ohm-m (cf. channel 40). A dipole-dipole ground

resistivity survey with an a-spacing of 50 m showed a similar

background, but the ore body gave a low of only 53 ohm-m

This shows that the conductor has a substantial width. If

be seen by comparing the quadrature channels 25 and 34.

This is an important point to note because DIGH&~II is

'.

the width had been under 3 m, the conductor would have

produced a weak m-shaped anomaly on channel 24.

the only EM system which provides an inphase channel"and

a quadrature channel which are essentially free of

IIFigure A2 presents'the DIGHEH results for a line flown

conductive overburden response.

response vanishes on the difference EH channels, as can

is almost completely caused by conductive o~erburden

(which also gives a small inphase response). The hachures

show the EH response from the overburden. The overburden,

yields only an inphase response. The ,quadrature response

3.

- iv - ..
enhanced magnetic contour map is similar to. the filtered

magnetic map discussed by Fraser.*

perpendicularly to the Montcalm ore bod~•. C~annel 20 shows the

175 gamma magnetic anomaly caused by the massive pyrrhotite deposit.

For the EH channels, the following points are of interest:
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Fig. AI. Flight over Montcalm deposit, with line parallel to strike.
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041070.

Fig. A2. Flight over Montcalm deposit, with line perpendicular to strike.
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•

Figure Al illustrates the DIGHEMII results for a line flown

subparallel to the ore body. The ore body anomaly is small on

the standard coil-pair (channel 22) but 'shows up strongly on

th~ whaletail coil-pair (channel 24). ' , ,

j !, ;
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because of the averaging effect inherent in the

ground technique.

4. The ore body has a conductance of 330 mhos according
•

to its EM response on this;particular flight line.

The conductance channel 37 saturates at 100 mhos, and

so the deposit is indicated by a 100-mho spike.
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