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SUMMARY

DIGHEM II airborne electromagnetic/resistivity/magnetic surveys
of 1,434 line-km were flown in January and February, 1981 for
CRA Exploration Pty.Limited in the Sheffield area of Tasmania.

Ground resistivities in the Sheffield area varied from conductive

to highly resistive. Extensive low resistivity zones and numerous
EM anomalies detected in the survey area reflect locally conductive
bedrock and overburden features as well as cultural sources.

Several targets were located which appear to warrant further follow-

up work.
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INTRODUCT ION

A Dighem II survey of 1,434 line kilometres was flown with
a 200 metre line spacing for the CRA Exploration Pty.lLimited,
from January 26 to February 13, 1981 in the Sheffield area,

Tasmania. (Figure 1).

The Lama VH-PDU jet helicopter flew with an average airsﬁeed of

116 km/h and EM bird height of 37 metres. Ancillary equipment
consisted of a Geometrics 803 magnetometer with its bird at an
average height of 52 metres, a Sperry radio altimeter, Geocam
sequence camera. Barringér 8 channel hot pen analog recorder, and

a Geometrics G-714 digital data acquisition system with a Kennedy
9700 9-track 800 bpi magnetic tape recorder. The analog equipment
recorded four channg1s of EM data at approximately 900 Hz, two
ambient EM noise channels (for the coaxial and coplanar receivers),
and one channel each of magnetics and radio altitude. The digital
equipment recorded the EM data with a sensitivity of 0.25 ppm/bit and

the magnetic field to one gamma/bit.

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 up to 35 km/h. Higher

winds may cause the system to be grounded because excessive bird swinging
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produces difficulties in flying the helicopter. The
swinging results from the 5 m2 of area which is presented by
the bird to broadside gusts. The DIGHEM system nevertheless
can be flown under wind conditions that seriously degrade

other AEM systems.

ELECTROMAGNETICS

DIGHEM electromagnetic responses fall into two general
classes, discrete and broad. The discrete c¢lass consists of
sharp, well defined anomalies from discrete conductors such
as sulfide lenses and steeply dipping sheets of graphite and
sulfides, The broad class consists of wide anomalies from
conductors having a large horizontal surface such as flatly
dipping graphite or sulfide sheets, saline water-saturated
sedimentary formations, conductive overburden and rock, and
geothermal zones. A vertical. conductive slab with a width

of 100 m would straddle these two classes.

The vertical sheet {(half plane) is the most common
medel used for the analysis of discrete conductors., All
anomalies plotted on the electromagnetic map are interpreted
according to this model. The following section entitled

Discrete conductor analysis describes this model in detail,
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including the effect of using it on anomalies caused by

broad conductors such as conductive overburden.

The conductive earth (half space) model is suitable for
broad conductors., Resistivity contour maps result from the

use of this model. A later section entitled Resistivity

mapping describes the method further, including the effect
of using it on anomalies caused by discrete conductors such

as sulfide bodies.

Discrete conductor analysis

The EM anomalies appearing on the electromagnetic map
are interpreted by computer to give the conductance (i.e.,
conductivity-thickness product) in mhos of a vertical sheet
model. DIGHEM anomalies are divided into six grades of con-
lductance, as shown in Table I. The conductance in mhos is

the reciprocal of resistance .in ohms,

Table I. EM Anomaly Grades

Anomaly Grade Mho Range
6 greater than 99
5 50 - 89
4 20 - 49
3 10 - 19
2 5 ~ 9
1 less than 5
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The mho value is a geological parameter because it is
a characteristic 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 height increases.ﬁ Small anomalies from
deeply buried strong conductors are not confused with small
anomalies from shallow weak conductors because the former

will have larger mho values.

Conductive overburden generally produces broad EM
responses which are not plotted on the EM maps. However,
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-m., In areas where
ground resistivities can be as low as 1 ohm-m, anomalies
caused by weathering variations and similar 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 remaining anomalies in such areas could be

IThis statement is an approximation. DIGHEM, with

its short coil separation, tends to yield larger and
more accurate mho values than airborne systems having
a larger coil separation.
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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; Mattabi (copper-zine, Sturgeon Lake, Ontario,
Canada) and Whistle (nickel, Sudbury, Ontario, Canada})

gave grade 5; and DIGHEM's Montcalm nickel-copper discovery
{Timmins, Ontario, Canada) yielded a grade 6 anomaly.
Graphite and sulfides can span all grades but, in any par-
ticular survey area, field work may show that the different

grades indicate different types of conductors.

Strong conductors (i.e., grades 5 and 6) are character-
istic of massive sulfides or graphite. Moderate conductors
(grades 3 and 4) typically reflect sulfides of a less
massive character or graphite, while weak bedrock conductors
(grades 1 and 2) can signify poorly connected dgraphite or
heavily disseminated sulfides. Grade 1 conductors may not
respond to ground EM equipment using frequencies less than

2000 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,
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Canada, yielded a well defined grade 1 conductor. The
10 percent by volume of sphalerite occurs as a coating
around the fine grained massive pyrite, thereby inhibiting

electrical conduction.

Faults, fractures and shear zones may produce anomalies
which typically have low conductances (e.g., grade 1 and 2).
Conductive rock formations can yield anomalies of any con-
ductance grade, The conductive materials in such rock
formations can be salt water, weathered products such as
clays, original depositional clays, and carbonaceous

material.

On the electromagnetic 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
on the flight record. The vertical column 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, will always be discernible, and the
obliterated information can be obtained from the anomaly

listing appended to this report.
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The purpose of indicating the anomaly amplitude by dots
is to provide an estimate of the reliability of the conduc-
tance calculation. Thps, 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. The absence of amplitude dots indicates that
the anomaly from the coaxial coil-pair is 5 ppm or less
on both the inphése and guadrature channels. Such small
anomalies could reflect a weak éonductor at the surface or
a stronger conductor at depth. The mho value and depth
estimate will illustrate which of these possibilities fits

the recorded data best.

Fligﬁt line deviations occasionally yield cases where
two ancomalies, 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 esti-
mate can be unreliable. There are a number of factors which
can produce an error.in the depth estimate, including the
averaging of topographic variations by the altimeter, over-
lying conductive overburden, and the location and attitude
of the conductor relative to the flight line. Conductor
location and attitude can provide an erroneocus depth esti-

mate because the stronger part of the conductor may be
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deeper or to one side of the flight line, or because it has
a shallow dip. A heavy tree cover can also produce errors

in depth estimates. This is because the depth estimate is

computed as the distance of bird from conductor, minus the

altimeter reading. The altimeter can lock on the top of a

dense forest canopy. This situation yields an erroneously

large depth estimate but does not affect the conductance

estimate.

Dip symbols are used to indicate the direction of dip
of conductors. These symbols are used only when the anomaly
shapes are unambiguous, which usually requires a fairly

" resistive environment.

A further interpretation is presented on the EM map by
means of the line-to-line correlation of anomalies, which is
based on a comparison of anomaly shapes on adjacent lines.
This provides conductor axes which may define the geological
structure over portions of the survey area. The absence of
conductor axes in an area implies that anomalies could not

be correlated from line to line with reasonable confidence.

DIGHEM electromagnetic maps are designed to provide
a correct impression of conductor quality by means of the

conductance grade symbols. The symbols can stand alone with
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geology when planning a follow-up 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, depth, thickness

(see below), and dip. The accuracy is comparable to an
interpretation from a éround EM survey having the same

line spacing.

An EM anomaly list attached to each survey report
provides a tabulation of anomalies in ppm, and in mhos
and estimated depth for the vertical sheet model, 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 for a flatly dipping
thin bedrock conductor such as a sulfide sheet having a
thickness less than 15 m., The list also shows the resis-
tivity 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 conductive earth model, in an area of thick cover,
warns that the anomaly may be caused by conductive

overburden,
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Since discrete bodies normally are the targets of EM
surveys, local base (or zero) levels are used to compute
local anomaly amplitudes. This contrasts with the use of
true zero levels which are used to compute true EM
amplitudes, Local anomaly amplitudes are shown in the
EM anomaly list and these are used to compute the vertical
sheet parameters of conductance and depth. Not shown in
the EM anomaly list are the true amplitudes which are used
to compute the horizontal sheet and conductive earth

parameters.

X-type electromagnetic responses

DIGHEMII paps contain x-type EM responses in addition
to EM anomalies. An x-type response is below the noise
threshold of 2 ppm, and reflects one of the following: a
weak conductor near the surface, a strong conductor at depth
(e.g., 100 to 120 m below surface) or to one side of a
flight line, or aerodynamic noise, Those responses that
have the appearance of valid bedrock anomalies on the flight
profiles are mentioned in the report. The others should not
be followed up unless their locations are of considerable

geological interest.
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The thickness parameter

DIGHEMIL can provide an indication of the thickness
of a steeply dipping conductor. The ratio of the anomaly
amplitude of channel 24/channel 22 generally increases as
the apparent thickness increases, i.e., the thickness in the
horizontal plane. This ﬁhickness is equal to the conductor
width if the conductor dips at 90 degrees and strikes at
right angles to the flight line. This report refers to a
conductor as thin when the thickness is 1ike1y to be less
than 3m, and thick when in excess of 10 m. 1In base metal
exploration applications, thick conductors can be high
priority targets because most massive sulfide ore bodies
are thick, whereas non-economic¢ bedrock conductors are
usually thin. An estimate of thickness cannot be obtained
when the strike of the conductor is subparallel to the
flight line,when the conductor has a shallow dip, when the
anomaly amplitudes are small, or when the resistivity of

the environment is below 100 ohm-m.

Resistivity mapping

Areas of widespread conductivity are commonly
encountered during surveys. 1In such areas, anomalies can

be generated by decreases of only 5 m in survey altitude as
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well as by increases in conductivity. The typical flight
record in conductive areas is characterized by inphase and
quadrature channels 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 are necessary
for the interpretation of the airborne data. The advantage
"of the resistivity parameter is that anomalies caused by
altitude changes are virtually eliminated, so the resis-
tivity data reflect only those anomalies caused by conduc-
tivity changes. This helps the interpreter to differentiate
between conductive trends in the bedrock and those patterns
typical ¢f conductive overburden. Discrete conductors will
generally appear as narrow lows on the contour map and broad

conductors will appear as wide lows.

Chaﬁnel 40 (see Appendix) and the resistivity contour
map present the apparent resistivity using the so-called
pseudo-layer (or buried) half space model defined in Fraser
{1978)2. This model consists of a resistive layer over-
1§ing a conductive half space. Channel 41 gives the

apparent depth below surface of the conductive material.

 2Resistivity mapping with an airborne multicoil
electromagnetic system: Geophysics, v 43, p. 144-172,
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The apparent depth therefore is simply the apparént thick-
ness 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.

The apvarent depth will be negative when the 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). The inputs to the resistivity algorithm are
the inphase and qguadrature components of the coplanar coil-
pair. The 6utputs are the apparent resistivity of the
conductive half space (the source) and the sensor-source
distance. The flying height is not an input variable,
and the output resistivity and sensor-source distance are
independent of the flying heiéht. The apparent depth,
discussed abové, is simply the sensor-source distance minus
the measured altitude or flying height. Consequently,
errors in the measured altitude will affect the apparent

depth parameter but not the apparent resistivity parameter.
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The apparent depth parameter is a useful indicator of
simple layering in areas lacking a heavy tree cover. The
DIGHEM!I gystem has been flown for the purpose of
permafrost mapping, where positive apparent depths were
used as a measure of permafrost thickness. However, little
gquantitative 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 meaningful physically. Qualitatively, a
negative apparent depth estimate usually shows that the EM
anomaly is caused by conductive overburden. Consequently,
the apparent depth channel 41 can be of significant help in

distinguishing between overburden and bedrock conductors.

Interpretation in conductive environments

Environments having background resistivities below
30 ohm~m cause all airborne EM systems to yield very
large responses from the conductive ground. This usually
prohibits the recognition of bedrock conductors. The
processing of DIGHEMII gata, however, produces four
channels which contribute significantly to the recognition
of bedrock conductors. These are the inphase and quadrature
difference channels (number 33 and 34), and the resistivity

and depth channels (40 and 41). The EM difference channels
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eliminate up to 99% of the response of conductive ground,
leaving responses from bedrock conductors, cultural features
(e.g., telephone lines, fences, etc,) and edge effects.

An edge effect arises when the conductivity of the ground
suddenly changes, and this is a source of geologic noise,
While edge effects yield anomalies on the EM difference
channels, they do not produce resistivity anomalies.
Consequently, the resistivity channel aids in eliminating
anomalies due to edge effects. On the other hand, resis-
tivity anomalies will coincide with the most highly conduc-
tive sections of conductive ground, and this is another
source of geologic noise. The recognition of a bedrock
conductor in a highly conductive environment therefore

is based on the anomalous responses of the two difference
channels (33 and 34) and the resistivity channel (40). The
most favourable situation is where anomalies coincide on all

three channels.

Channel 41, which is the apparent depth to the conduc-
tive material, also helps determine whether a conductive
response arises from surficial material or from a conductive
zone in the bedrock. When this channel rides above the zero
level on the orange profile paper (i.e., it is negative), it
implies that the EM and resistivity profiles are responding

primarily to a conductive upper layer, i.e., conductive
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overburden, If channel 41 is below the zero level, it
indicates that a resistive upper layer exists, and this

usually implies the existence of a bedrock conductor.

Channels 35 and 36 are the anomaly recognition
functions. They are used to trigger the conductance
channei 37 which identifies discrete conductors. In highly
conducting environments, channel 36 may not be generated
because it is subject to some corruption by highly conduc-
tive earth signals. Some of the automatically selected
ahomalies (channel 37) are discarded by the human interpre-
ter. The automatic selection algorithm is intentionally
oversensitive to assure that no meaningful responses are
missed. The interpreter then classifies the anomalies
according to their source and eliminates those that are
not substantiated by the data, such as those rising from
geologic or aerodynamic noise.

The resistivity map often yields more useful informa-
tion on conductivity distributions than the EM map. In
comparing the EM and resistivity maps, keep in mind the

following:

(a) The resistivity map portrays the absolute

value of the earth's resistivity.
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(b} The EM map portrays anomalies in the earth's
resistivity. An anomaly by definition is
a change from the norm and so the EM map
displays anomalies, (i) over narrow, conduc-
tive bodies and (ii) over the boundary zone
between two wide formations of differing

conductivity.

The resistivity map might be likened to a total field
map and the EM map to a horizontal gradient in the direction
of £light3, Because gradient maps are usually more sensi-
tive than total field maps, the EM map therefore is to be
preferred in resistive areas. Howéver, in conductive areas,
the absolute character of the resistivity map usually causes

it to be more useful than the EM map.

Reduction of geologic noise

Geologic noise refers to unwanted geophysical
responses. For purposes of airborne EM surveying, geologic

noise refers to EM responses caused by conductive overburden

3rhe gradient analogy is only valid with regard to the
identification of anomalous locations. The calcula-
tion of conductance is based on EM amplitudes relative
to a local base level, rather than to an absolute zero
level as for the resistivity calculation,



792022

and magnetic polarization. It was mentioned above that the
EM difference channels (i.e., channel 33 for inphase and 34
for quadrature) tend to eliminate the response of conductive
overburden. This marked a unique development in airborne EM
technology, as DIGHEMII is the only EM system which yields

channels having an exceptionally high degree of immunity to

~ conductive overburden.

Magnetite produces a form of geological noise on the
inphase channels of all EM systems. Rocks containing less
than 1% magnetite can yield negative inphase anomalies
caused by magnetic polarization, When magnetite is widely
distributed throughout a survey area, the inphase EM chan-
nels may continuously rise and fall reflecting variations
in the magnetite percentage, flying height, and overburden
thickness. This can lead to difficulties in recognizing
deeply buried bedrock conductors, particularly if conductive
overburden also exists. However, the response of broadly
distributed magnetite generally vanishes on the inphase
difference channel 33. This feature can be a significant
aid in the recognition of conductors which occur in rocks

containing accessory magnetite.
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MAGNETICS

The existence of a magnetic correlation with an 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. How-
ever, sulfide ore bodies may be non-magnetic (e.g., the
Kidd Creek deposit near Timmins, Ontario, Canada) as well
as magnetic (e.g., the Mattabi deposit near Sturgeon Lake,

Ontario).

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 which is usually contoured at 25 gamma
intervals. The magnetic data also are treated mathematic-
ally 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 gamma contour interval is equivalent to a 5 gamma interxr-
val for the passbaﬁd components of the airborne data. This
is because these components are amplified 20 times by the

operator of Figure 2.
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The enhanced map, which bears a resemblance to a
downward continuation map, is produced by digital bandpass
filtering the total field data. The enhancement is equiva-
lent to continuing the field downward to a level (above
the source) which is 1/20th of the actual sensor-source

distance.

Because the enhanced magnetic map bears a resemblance
to a ground magnetic map, it simplifies the recognition
of trends in the rock strata and the interpretation of
geologiéal structure. The contour interval of 100 gammas
is suitable fdr defining the near-surface local geology

while de-emphasizing deep-seated regional features,

CONDUCTORS IN THE SURVEY AREA

The electromagnetic maps. show the location of
conductors and their interpreted conductance (i.e.,
conductivity-thickness product), depth, and, occaéionally,
the dip. Their strike direction and length are also shown
when anomalies can be correlated from line to line. When
studying the maps for follow-up planning, consult the
anomaly listing appended to this report to ensure that none

of the conductors are overlooked.
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The survey consisted of a total of 1,434 1ine kilometres being
flown at a line spacing of 200 metres in a magnetic north

direction.

The EM maps indicate which anomalies are believed to be caused
by culture or surficial sources. Generally, such anomalies are
not commented on below as the discussions are directed to

identifying bedrock features.

Sheffield Area

Resistivities in the Sheffield area range from abput 15 ohm-m to
in excess of 1,000 ohm-m. They reflect locally conductive bedrock
and overburden features as well as culture. The area is active
magnetically. Note the correlation between zones characterized

by complex magnetic patterns and the low resistivity zones which

appears to signify their geologic origin.
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Numerous cultural sources, such as power lines, fences
and the like, exist in the survey area. Because they tend
to produce peaks on only the coaxial channels (22 and 23)
and not on the coplanar channels (24 and 25), their cultural
source can often be readily recognized. 1In some instances,
these anomalies have also produced resistivity lows. 1In the
ground follow-up program, those anomalies correlating with
roads can be visually checked for culture while driving.

They should be investigated if no obvious cultural source

exists,
-Responses 2xD, 3xH, These x~type responses reflect
4xF-5000x8,
6xG, 6xE, 8xD, conductive material at depth
9xC, 10xG
(presumably in the bedrock} which
occurs along approximately east-
southeast trends in the western
part of the survey area.
Anomaly 19I-20xR, This grade ! anomaly and x-type
Responses 1500xA,
24xN, 27xJ responses reflect weak bedrock

conductors of short strike length.
They may occur along the same east-
southeast trends as the conductors

described earlier.

~J
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Group 1 The grade 1 and 2 anomalies and
x-type responses of this grouping
appear to reflect generally non-
magnetic bedrock conductors. They
have produced a low resistivity
zone which portrays the conduc-
tivity distribution within the
group better than the EM map.
Alternatively, the EM anomalies
may merely reflect local variations
within the conductive material

buried at depth.

Anomalies 332-3500xH, A pailr of conductors is indicated
3400B-3500A

by these grade 1 to 4 anomalies.
They appear to occur in the bedrock
and may extend beyond the survey
boundary. The northern conductor,
33Z-3500xH, is magnetic. Due to
the possible correlation of the
conductors with roads, the area

should be investigated carefully

for culitural sources.
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The extensive low resistivity zone which occurs in
the northwest corner of the survey area appears to reflect
conductors ranging from near-surface to bedrock. They are
indicated by a large number of the EM anomalies and x-type
responses, The apparent depth channel 41 on the grey digi-
tal profiles may be used to aid in distinguishing between
near-surface conductors (e.g., overburden), buried bedréck
conductors, and outcropping conductive rock units. Note,
for example, profile for line 17, The apparent depth
channel indicates that the geologic environment south of
fiducial 2725 behaves as a homogeneous half-space. This
meéns that a conductive rock unit exists for about 1,100 m
south of fiducial 2725, Obviously, this rock unit extends
to a great depth so that its lower boundary cannot be
detected by the system. (The skin depth for the 900 Hz
field of DIGHEMII in a 90 ohm-m environment is 159 m.)
Note also that between fiducials 2728 and 2729 the
conductive material occurs at depth. For comparison
purposes, refer to profile of line 18. The apparent depth
channel indicates that the prominent quadrature responses
just south of 18xA reflect surficial conductivity (e.g.,

overburden).

A number of EM anomalies and x-type responses associ-

ated with an extensive low resistivity zone in the central
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part of the western sheet reflect bedrock, near-surface,
and cultural sources. Similar to the low resistivity

zone described above, the EM anomalies of interest (i.e.,
anomalies of non-surficial and non-cultural origin) reflect
conductive material at depth (e.g., 37xE-41xB, 50B-53E,
50xH-53M) as well as conductive rock units of large depth

extent (e.g., 35M, possibly 40xC, 46xD).

The low resistivity zone in the south central part of
the survey area appears to reflect conductive bedrock and
overburden features as well as culture. The broader outline
of this low resistivity zone appears to indicate conductive
near-surface features. A possibly magnetic bedrock conduc-
tor is indicated by responses 56xF-60xD. The grade 5
anomaly 61A reflects a cultural source which has produced a

prominent localized low resistivity zone.

Anomaly 63D, This grade 1 anomaly and x-type
Responses 6100xA, 66xC ’
responses appear to reflect bedrock
conductors. They are associated
with a broad low resistivity zone

which otherwise appears to reflect

surface conductivity.
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Anomaly 62A-63xB This grade 1 anomaly appears to
reflect a non-magnetic bedrock
conductor which has produced a

confined low resistivity zone.

The most interesting feature in the eastern half of the
survey area is an elliptically shaped low resistivity 2zone
in the central part of sheet 2. The zone is also
characterized by complex magnetic patterns. There are
several EM anomalies of non-cultural, non-surficial origin
associated with this zone. They are 98xH, which may extend
towards 101xE, 1010A, 1010J, which are both slightly

magnetic, and 1010M,

Responses 118xA-119xC These x-type responses reflect
119xB, 121xA
non-magnetic bedrock conductors.
The EM profiles and the resistivity
map indicate that 118xA-119xC

extends further east to line 120

to the vicinity of fiducial 396.
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These x-type responses indicate a
bedrock conductor which may extend

beyond the survey boundary.

Respectfully submitted,
DIGHEM LIMITED

2 Qs

Z. Dvorak
Geophysicist
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Geophysicist
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APPENDTIX A

THE FLIGHT RECORD AND PATH RECOVERY

Both analog and digital flight records are produced. The
analog profiles are recofded on green chart paper in the aircraft
during the survey. The digital profiles are generated later by
computer and plotted on orange chart.paper at’ a scale identical
to the geophysical maps. The digital profiles, which may be

displayed, are as follows:

Channel ; Scale

Wumber/ Label Parameter units/mm Scise
20 MAG  magnetometer . 10 gamma 2 carma
21 ALT bird height 10 feet 5 feet
22 CXI coaxial coil-pair inphase 1 ppn 1-2 ppn
23 CXQ . coaxial coll-pair quadrature 1 ppm 1-2 ppnm
24 CPI coplenar coil-pair inphase i ppn 1-2 ponm
25 CPQ coplanar coil-pair gquadrature 1 ppm 1-2 ppm
26 VLF? VLP-CM total field _ 1. 3% 1-2 %
27 VLFQ VLF-EM vertical guadrature 1% 1-2 %
28 CX5 ambient noisc monitor (coaxial coil) 1 popm 1 po=
23 CPS ambient noise monitor {(coplanar coil) 1 ppnm 1 ppm
33 DIFI difference function inphase 1 ppm 1-2 pom
34 DIFQ difference function guadrature 1 ppm 1-2 pom
35 RECT first anomaly vrecogniticn function 1 ppm 1-2 opm
36 REC2 second anomaly reccgnition function 1 ppm 1-2 ppm
37 SIGT conductance 1 mho
40 RES log resistivity at main frecuency .03 decade
41 DP apparent depth at main freguency 3 m
45 RES2 log resistivity et sccondary frequency .03 decade
46 DP2 apparent cepth at secondary f{requency Im

Note: Channels 42 to 44 are experimental.
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The log resistivity scale of 0.03 decade/mm means that
the resistivity changes by an order of magnitude in 33 mm,
The resistivities at 0, 33, 67 and 100 mm up from the bottom

of the chart are respectively 1, 10, 100 and 1000 ohm-m.

The fiducial marks on the flight records represent
points on the ground which were recognized by the aircraft
navigator. Continuous photographic coverage allowéd_
accurate photo-path recovery locations for the fiducials,
which were then plotted on the geophysical maps to provide

the track of the aircraft.

The fiducial locations on both the flight records and-
flight path maps were examined by a computer for unusual
helicopter speed changes. Such changes may denote an error
in flight path recovery. The resulting flight path
locations therefore reflect a more stringent checking than

is provided by standard flight path recovery techniques.

The following brief description of DIGHEMII
illustrates the information content of the various

profiles*,

*For a detalled description, see D,C. Fraser, Geophysics,
v.44, p.1367-1394.
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Single-frequency surveying

The DIGHEMIL system has two transmitter coils which
are mounted at right angles to each.other. Both coils
transmit at approximately the same frequency. (This
frequency is given in the Introduction.) Thus, the system
provides two completely independent surveys at one pass. In
addition, the digital flight chart profiles (generated by
computer) include an inphase channel and a quadrature
channel which essentially are free of the response of
conductive overburden. Also, the EM channels may indicate
whether the conductor is thin (e.g., less than 3 m), or has
a substantial width (e.g., greater than 10 m). Further, the
EM channels include channels of resistivity, apparent depth
and conductance. A minimum of 11 EM channels are provided.
The DIGHEM!I system therefore gives information in one
pass which cannot be obtained by any other airborne or

ground EM technique.

Figure Al shows a DIGHEMII flight profile over the
massive pyrrhotite ore body in Montcalm Township, Ontario.
It will serve to identify the majority of the available

channels.,
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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 of the additional coplanar

coil-pair which is termed the whaletail coil-pair.

Channels 31 and 32 are inphase and quadrature sum
functions of the standard and whaletail channels; they
provide a condensed view of the four basic channels 22 to

25. The sum channels normally are not plotted.

Channels 33 and 34 are inphase and guadrature
‘difference functions of the standard and whaletail
channels. The difference channels are almost free from the
response of conductive overbugden; 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.
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Channel 40 is the resistivity, which-is derived from
the whaletailrchannels 24 and 25.. The resistivity channel
40 yields data which can be contoured, and so the DIGHEMII
system yields a resistivity contour map in addition to an
electromagnetic map, a magnetic contour map, and an enhanced
magnetic contour map. The enhanced magnetic contour map is

similar to the filtered magnetic map discussed by Fraser.*

Figure A2 presents the DIGHEMII results for a line
flown perpendicularly to the Montcalm ore body. Channel 20
shows the 175 gamma magnetic anomaly caused by the massive
pyrrhotite deposit. For the EM channels, the following

points are of interest:

1. On channels 22-25 and 31-34, the ore body essentially
yilelds only an inphase response, The quadrature
response is almost completely caused by conductive
overburden (which also gives a small inphase
response). The hachures show the EM response from the

overburden. The overburden response vanishes on the

*Cdn, Inst. Mng., Bull., April 1974.
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~difference EM channels, as can be seen by comparing the

guadrature channels 25 and 34. This is an important
point to note because DIGHEMII is the only EM system
which provides an inphase channel aﬁd a quadrature
channel which are essentially free of conductive

overburden response.

The whaletail anomaly of channel 24 has a single peak.
This shows that the conductor has a substantial width.
If the width had been under 3 m, the conductor would

have produced a weak m-shaped anomaly on channel 24,

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 because of the

averaging effect inherent in' the ground technigue.

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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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 the whaletail coil-pair (channel 24}.

Dual-frequency surveying

For surveys flown primarily for resistivity mapping, as
opposed to EM surveying, thé two transmitter coils may be
energized at two well-separated frequenéies {({e.g., 900 and
3600 Hz). Apparent resistivity and apparent depth maps can
be made independently for each frequency. The inter-
pretation procedure involves comparing the apparent

resistivities and apparent depths at the two frequencies.,

The use of two different coil-pair orientations (i.e.,
standard and whaletail) for dual-frequency resistivity
mapping is an unorthodox procedure. However, as long as the
current flow patterns are primarily horizontal, the
different coil orientations do not influence the results,
according to superposed dipole theory. Wire fences and

other cultural features will produce local deviations,
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because they usually respond preferentially to one or the

other of the coil-pairs.

The difference channels 33 and 34 are not produced
because the divergent frequencies of the two coil-pairs
renders them meaningless. In addition, channels 35 to 37

also are not produced.
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327 SH 1 C.R.A. SHEFFJIELD MAY/g1

VERTICAL - HORI2DNTAL CONDWTIVE
DIKE . SHEET EARTH

COAXIAL COPLANAR
coiL - CoIL -

tutHiLY  PPM BPM PP PPH MHOGS  FEET . MHOS  FEET  OHM-W  Fif

28 3 2 5 y I 12 174 . 1 191 108 2:
28 7 1 - 20 0 . - £130 123 . 7 352 5 25
d" ip 4 8 10 17 . 4 20 . 2 133 32 2
B 2 & 4 5. 4 82 . 2 134 55 7
" SA 4 6 9 16 . 4 iy . 1 142 2
58 1 0 2 2 . 3 291 . 1 22% 35 g
6A 5 2 2 3 . 3 14 . 1 158 178 1
7A 3 1] 5 22 . 2 0 . 1 34 158
3A 2 5 3 q . 2 45 1 133 110 »
38 7 L5 - 23 . 3 o . 80 Ak
. BO00A 2 18 3 26 . 2 o . 1 85 157
.. 80008 2 ) 6 2t . 2 i . 1 27 122
B000C 5 0 0 A . ) 207 . 1 128 231
80000 2 23 2 44 . 1 [ I 1 32 29y
BOOOF 3 7 5 9 . 5 27 . 1 146 76 ;
B0006 1 1 b 15 . 3 35 . 2 156 34 a
BOOOH 3 4} 0 0 . 18 267 . 1 112 120 .
104 2 36 9 63 . 1 3 . 1 5¢ 123
A 108 2 10 3 21 . 1 E . 1 13¢ 15¢
b/- 10C - & 5 8 ¥ . 6 11g . 2 137 5
3 10D ) 25 ] 40 . 1 o . 1 57 36

] .~ ESTIMATED DEPTH MAY BE UNRELJABLE BECAUSE THE STRONGER PART
‘ . OF THE CONDUCTOR MAY BE DEEPER OR TO ONE SIDE OF THE FLIGHT
LINE, OR RECAUSE OF A SHALLOW DLP OR OVERBURDEN EFFECTS.

1
-
L]
»



792045

327 sH 1 C.R.A. SHEFFIELD MAYs8}

COAYIAL COPLANAR « VERTICAL . HORI2ONTAL CONDUCTIVE
- CoIL CoiL . DIKE . SHEET EARTH
1 0E 2 2 3 3 . 3 122 . ? 23¢ 52 11
124 5 21 3 25 . 2 0 . 1 19 87
128 2 4 2 2 . 2 49 1 24 126
125 2 23 1 43 . 1 9 . 1 5¢ 113
12H 4 22 7 4) . 2 J . 1 73 30
121 3 25 18 23 . 2 12 . 1 111 53 2
L3A 4 9 4 10 . 2 25 . 1 134 134 3
13B 2 2 0 2 . 2 £3 . 1 14C 1035
14A [ 13 2 23 . 1 a . 1 59 123
Ly8 ] 20 3 24 . 1 7 . 1 59 135
149 3 3 A 1 . ° 132 . 1 13¢ 37 3
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16F & é 7 11 . 4 4“5, ? 230 27 124

.# ESTINATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART .
. OF THE CONDUCTOR MAY BE DEEPER OR TO ONE SIDE OF [HE FLIGHT .
. LINE, OR BECAUSE OF A SHALLOW DIP OR OVERBURDEN EFFECTS. )
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COAX [AL COPLANAR . VERTICAL . HORI2ZONTAL CONDUCTIVE
colL COIL . DIKE . ~ SHEET ERRTH
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¥ ESTIMATED LEPTH MAY BE UNREULLABLE BECAUSE THE STRONGER PART
. OF THE COWDUETOR MAY BE DEEPERhDR TQ ONE SIDE OF T™HE FLIGHT
. ULINE, OR BECAUSE OF A SHALLOW WP OR OVERBURDEN EFFECTS.
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LINE, OR BECAUSE 8F A SHALLOW DJP DR OVERBURDEN EFFECTS.
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31A 3 0 1 . 8 113 . 175 943
31¢ 7 13 19 23 . 3 13 . 1 124 25 3
31E 7 24 7 e R 2 5 . 1 111 &7 2

+% ESTINATED DEPTH MAY BE UNRFLIABLE RECAUVSE THE STRONGER PART .
. OF THE CONDUCTOR MAY BE DEEPER OR TO ONE SIDE OF THE FLIGHT .
. LINE, OR BECAUSE OF A SHALLOW DIP DR OVERBURDEN EFFECTS. .



792051

327 SH 1 C.R.A. SHEFFIELD MAY/E1

COAXTIAL COPLANAR . VIATICAL . 4CRIZONTAL CONDUCTEIVE
LCIL £oiL . Dik& . SHIETY ZARTH
3iF 7 12 3 13 . 4 531 . 2 155 40 X
316 2 ) 0 9 . 3 123 . 2 135 45 g:
21H 3 14 12 25 . 5 15 . 2 191 20 . 21
311 4 2 9 9 . 12 207 . 2 14C 16 4~
31k 2 1 9 3 . 6 97 . 1 141 163
EARY 3 3 i3 17 . 3 27 . 2 134 36 2
217 2 5] 9 3 . 5 222 . 2 20€ 43 10,
3iF 4 13 15 25 5 5 6% o 2 133 32 9t
218 1% 17 7 13 . I3 22 . 1 12¢ 103 2
217 3 15 17 53 . g 3 . 2 129 49 '3
S 31N 5 5 y 2 - 6 49 . 1 625 . 1635
324 2 b 2 9] . 4 119 . 1 129 545 ;
328 3 4 5 7 . 7 77 . 1 131 g 2
22¢ 7 5 7 13 . g 23 . 2 113 40 1
320 3 4 0 2 . 4 31 . 1 127 54 1
T2g 3 3 1 3 . 7 &1 . 1 13¢ 52 2
3:F 1 11 3 39 . 1 ) . 1 11¢ 115
226 o 24 7 43 . 1 0 . 1 54 248
EA ) 2 4 B . 4 131 . 1 426 375 17
22 3 1) 3 21 . 1 3. 1 113 56 1
2% “ 3 19 21 . 4 25 . 2 12¢ 52 2
22m 2 17 12 74 . 2 Do 1 10& 54 2
320 1 11 2 17 . 3 27 . 1 121 112 1
220 3 3 J 3 . 2 15 . 1 152 30 2
33 11 21 5 23 . 3 3 . 1 32 3
320 3 9 0 b . 5 209 i 125 74 3
*7F 3 11 9 17 . 2 19 . 1 13% 55 2
2305 17 42 21 73 . s 0o, ? 36 26 1
331 A 15 13 32 . 3 3 . 2 117 41 1
L 3 24 14 33 . A 3 . 1 102 74 1
25K ] 3 2 5 . 1 231 . 1 5¢C §00
inm 5 4 2 11 . g gl . 1 139 £28
3zc 5 ) 3 17 . 4 Z3 . 1 115 147
LF L 11 5 27 . 1 9 . 1 116 129
330 3 13 3 15 . 4 2 . 2 129 49 2
RS 1 2 i b . 2 127 . 2 245 58 12
Lk SITIMATEC O :PTH MAIY BS JNRELIACLE PICAUSE THE STRIKSER PART .
. CF THT CONCUCTE2 t2Y E CIEPER OR T 3N: 3I2T CF THT FLIGHT .
. LINY, T



329 SH 1 C.R.A. SHEFFIELD Hav/2i

SCAXIAL COPLANAR . VIERTIZAL
CCIL ceiy . DIKZ
33y 3 ) 3 3 . 3 25
23w 3 t 2 D . 6 1253
33X 3 3 1 3 . 2 9
237 2 13 11 23 » 4 el
344 3 P J ] . 5 141
348 i 3 1 13 . 1 0
240 > 15 3 <3 . 2 4]
247 2 19 3 12 . 2 1=
34F -4 - 1 3 - . 4 323
20 1 g 3 33 . b |
34H 3 2 153 1% . 14 17
341 5 3 13 27 . ) 553
G g 2 -3 3 3 - 2 23
3K 2 1 Q 1 - 4 181
2HH 3 + 2 3 . & 147
EEAY 3 1 2 ) . 5 319
34004 1 il 3 - i2 183
3%C 27 3 1 5 i . 11 z17
EEy- 3 13 3 23 . 3 0
3o J 2 2 ] . 1 7
350 1 ) 4 1) . -2 97
23C 13 7 23 2 . 29 71
I8z 8] ] 29 253 . ) £3
2zF ih 21 15 27 . i1 2%
3:6 % 13 4 22 " 2 D
EEN 5 15 14 42 . 3 ¥
33K t 3 3 3 - 3 646
T 173 45 4N g7 . & ¥
23¢ 3 353 12 57 . 2 0
a0 ) 3 2 3. 1 52
- 350 M a : 3 5 ] . 177
s CITIMATZID 0IpTER MAY 85 JHIFLIADLE HZICAUSE
«  DF THEZD CONDUCTCR Haf =F D0IEOEY 3R T2 JNE
. LINGy OF 2elAUSe OF & SHALL W CIP 02 AVERGU

792052

0T I0NTIL CoNpULTIVE
SHEET TARTH
1 25€E 55 12
1 229 172 7
1 574 1235 -
1 13¢E EX] £
1 142 174
1 1le 54 2
1 33 54
1 114 5T 1
2 130 41 7
2 3. EX 1
3 132 12 £
2 112 a 3
2 1532 3o 1
i 110 3
1 £3¢ 2 1t
1 721 421 29
1 236 58 11
i 21¢€ 2 10
1 13¢E 53
1 235 17 ki
2 128 48 £
3 232 1 1-
2 131 2t 4
2 1900 30 .
2 37 313
H 31 177
1 113 £36é
2 58 2
1 57 23
1 €32 1035

259 i5 1

STPINZER PLRT .

0= THT FLIGHT .

i EFFECTS. .



792053

227 SH 1 C.R.A., SHEFFIELD mAY/E}

CCAXIAL CCPLANER . VIRTICAL . H02TZONTAL CONTUCTIVE
CoIL CCIL . CIKS . SHEET ZARTY
364 19 13 3 J . 4 o . 1 171 253
250 3 9 3 11 . 2 256 . 1 146 T4 2
35¢ 3 9 2 ) . 3 129 . 1 212 136 €&
35F A 4 3 3 . & $7 . 1 141 717 2
346 1 2 A Q . 14 259 . 1 153 55 4
oM 3 13 3 13 . 2 7. 1 121 532 2
253 A 1 1 14 . 3 73 . 1 114 24 i
23K 4 13 3 2% . 2 0 . 1 125 151
3ak 3 21 13 35 . 3 D . 2 57 42
345N 3 J ) 1 . 3 111 . 1 79 52
355 3 3 3 1 . 5 27 . 1 554 1035
are 17 2 ] 2 . 31 1046 . 1 295 217 5
37¢ 3 21 18 2 . z 3 . 1 31 33
7C 4 il 5 13 . 2 13 . 1 13¢ 51 3
3TE 3 3 1 1 . 7 a4 1 707 1038
2SR 2 15 23 31 . & 0 . ? 12% 0
30 2 3 3 i3 - 1 0 . 1 36 22
35T g 1 2 3 . 5 223 . 1 TE 0
iF L 7 0 22 . 2 £ 1 71 5%
CREt 3 22 17 53 . 3 J . 1 72 3&
x3H 3 3 1 7 . 1s 43 . 1 12¢ €37
228 4 .3 2 5 - S 2 . 1 175 239
ER Y 3 22 5 23 . 1 2 . 1 30 12
25( 3 21 14 34 . % 13 . 2 12¢ 33 4
3 3F 7 25 9 453 . 2 0 . 1 44 132
3iF 5 ) | 2 . 3 0 . 1 157 248
LIS - 5 ] 1 . 4 115 . 1 647 1035
23408 3 ? 9 13 . 3 O . i 122 31
2363C 3 4 2 2 . 4 n . 1 234 132 S
420 5 15 11 32 . 2 0 . 1 97 73
W O TSTIMATEC CIPTh MAY €% JNSLTARLE 2S5CaUSZ THE STRINZER PARTY .
e "7 TRIL ZCOULJCTCR 4A4Y 3T CECPER 30 T3 ONE SINE GF THT FLIGHT .
« LIMT, O wICRJSE ST A SHALLIW QIP

C? QVEZRIU2CEN EFFZICTS. .



327 sH

4uC
49D
4adf

41z
41C
41F
416G
4in

[N e R A

o
I I B s i ]

L
oLl

b4 Lot
o

L)

N
P e bl G

Ps
-
L
-
-

445
“afl
443

for -
S N

4+CCA

Ao
& _1C
45D

it

* CORiAo

~cil
4 13
2 19
2 3
i3 23
2 i4
3 13
4 7
3
3 25
4 12
3 4
3 0
-3 |
5 13
J 4
5 i
3 13
1 2
2 ?
3 21
3 21
4 2
2 13
3 4
1 J
3 3
2 4
3 19

ESTIMATED LIPTH May F
CEOTEITCADRUCTER ¢
LINZ, 02 1ECAUST IF A

A T oMAY/S81
COPLANAR . VERT
LCIL . Oi
7 23 . 2
0 13 . 1
H J . 2z
22 53 . 4
3 22 . 1
7 3 2 » 2
0 ) . 4
J 1 . 6
15 43 . 3
2 17 . 2
¥ 2 . 4
é "] » 3
13 12 . 5
17 33 . 4
1 H . 1
5 3 . 19
4 23 . 2
9 ) . 5
G 3 . 2
11 &9 . 2
7 24 . 1
3 3 . 16
9 15 . 1
3 n . 5
1 3 . 3
3 '1 ’4‘ [] 1
3 3. 5
l4 17 . 5
S OUMRELIARL
“AY 2L DEFPER QP
SHALL W DIP

155 ,

971 .

160 .

T3 3NT SIZE

3 JVIRIUAITEIN EFFCTS.

HERIZCHNTAL
SHZETY
1 111
1 117
1 671
2 28
1 128
1 8%
1 143
1 £5¢
Z 57
1 37
1 7€
1 235¢C
2 177
2 36
i 1%¢E
1 30
1 117
1 218
1 671
1 30
1 94
1 123
1 32
1 654
1 48
1 131
13 113
2 112

N2
L

792054

CONDUCTIVE

ZARTH

97
290

1035 .

35
119
122
212

1035

47
53
750
45
46

2214
135
153
134
10235

31
33
43¢
1035

15%¢&
S&
44

E BZICAUSE THE STRINGER PART .

FLIGAT .

14
11



792055

327 SH 1 C.R.A. 3PFIFSISLD MAaY/El

COAXIAL SOPLANAR . VERTIZAL . 40T TOHTAL CONDUCTIVE
coit SolL . pikse . SHEET ZARTH
45E 5 12 7 3 . 4 63 . 1 38 91 3
43F 4 11 5 19 . 2 19 . 1 - 38 195 9
43C 2 4 b 1 . 3 L1593 . 1 57 370 g
&5H 3 ? ) 5 . 2 20 . 1 67 748 )
451 13 3 1 ) . 45 54 1 235 1015 9
439 ) 5 9 3 . 1 52 . 1 72 743 "9
45K A 3 10 23 . 3 17 . 1 101 150 9
434 1 3 1 3] . 48 355 . 1 125 193 19
LEGDA 3 15 g 2 . 2 9 . 1 102 79 7
40372 3 5 4 2 . g 53 . 1 155 57 P
4505C 15 5 1 12 . 2 51 . 1 12¢ 36 25
450)F 2 7 9] 3 . 1 23 . 1 36 115 3
4303¢C -2 3 5 5 . 7 433 , 1 210 197 91
45 00K % 15 5 2% . 2 97 . 1 132 131 1
450901 4 12 3 23 . 3 2 . 1 39 129 3|
4R 3 5 1 11 . 2 9 . 1 196 77
470 : 4 + 1) . & 77 . 2 129 53 37
47D 3 5 1 4 . 2 57 . 1 10¢ 52 13
47: 2 23 4 75 . 1 3 . 1 72 142 :
“7F 2 13 1 11 . 1 9 . 1 &7 753 {
4706 H ! 2 ) . .3 154 1 632 4931 193
YA 1 1 5 3 . 3 75 . 1 145 156 2
43E 3 3 3 2 . 12 11! . 2 116 386 31
L7 0 2 3 9 7 . 5 197 . 1 159 129 2
424 3 153 z 29 . 2 % . t 125 253
Ho1C 3 12 5 13 . 2 3 . 2 115 49 2
&3T 2 3 7 3 . 5 103 . 2 127 42 1
43t 4 3 3 b . 4 0 . 1 142 153
byt t 12 3 17 . 1 9 . 1 3z 153
W% ESTIMATEC SIPTE MAY RIT OJNMRTUIADPLE BECAUSE THS STRINGEY PART
. DS THEZ COMCUCTOR M4AY %€ O:ZEPFR QP T QNE SIDE S THE FLIGHT .
. LIRSy DR OCELCAUSE DF A SHILLOW ©IP ©3F JIVERZULRD:=N EFFEZ(CTS. -



792056

3a2¢ §4 1 L., SEIFFIZLD »ays21
COAXTAL TOOL AN AR . VERTICAL .  H4GITICNTAL CCNDUCTIVE
CoeoTi CCit . DIKE - . SHEST ZARTA
504 5 7 2 3 . 4 57 ., 1 91 128
g e 3 1 g 5 . 14 167 . 1 141 52 3
c5e LR ) 5 T . 2 0 . 1 144 71 - 3
590 1 3 0 1 . 2 99 . 1 125 259
c1a 5 7 1 2. 2 61 . 1 207 442 2
L 3 3 4 T . 3 33, 1 131 134 5¢
51¢ 3 14 2 S S 2 3 . 1 58 61,
210 12 23 24 &3 . 5 ) . 2 he 42
ELE 9 1 5 . 4 33 . 1 17 146
51r ? 21 5 37 . 1 9 . 1 17 138
16 3 13 5 23 . 2 5 . 1 24 100
51k 2 4 9 3 . 2 23 . 1 202 431
21004 3 23 5 b 1 7 . t 30 174
£1693 3 19 2 19 . 2 i1 . 1 146 128 3
cigJn 3 12 5 25 . : 7 . 1 107 112
t1GaE ) 2 g 3 ] 3 69 . 1 3¢ £37
524 3 34 4 43 . 1 n . 1 23 413
52( 2 7 4 3 . 2 33, 1 119 155 1
t20 3 iz 11 1% ) 6 3 1 70 3y
526 3 5 5 9 . 7 27 . 1 £34 1035
s2H 17 5 3 3 . 16 11 . 1 540 1035
621 1 23 3 4% . 1 0 . 1 3¢ 216
&K 1 1 L 2 . 4 126 . 1 126 305
52004 2 7 7 14 ] 1 3. 1 129 220
82055 3 4 0 5 . 2 13 . 1 149 236
g 9 2 ) > . 2 52 . 1 32 318
Fi: 2 1% 2 23 . 1 3 . 1 22 402
5§30 2 1 2 a . 3 125 . 1 150 132 1
530 3 1L 3 13, 2 5 . 1 111 139
53¢ 4 3 3 3 . 13 152 . 1 158 153 2
L% ESTIMATSEL DEPTH MAY 8% UMRTLIAMLE 2:CAUSE THE STRINGER PART .
. CF THZ CCaDJCTOR NAY 25 DIE2FR OP.T2 SNT SIDJE GF THE FLIGAT .
. LIiN<, £ YWZLUST JF A SHALLZW DIP CR JV:E

RAUININ EFFELTS. .

P T i T



792057

227 s4 1 mo2.4. SETESIILY  MAYZS1

COAXIAL COPLANAR . VERTICAL .  HEGRIZGCHTAL CONCUCTIVE
--o- o £BIL - - - CEIL . DIKE . SHEET EARTH
€3F 4 3 3 ). 5 3 . 1 £39 1035
26 13 14 3 ) . 7 a . 1 3 1035
231 ) 3 5 30 . 2 121 . 1 232 1035,
€34 1 4 ? 7. 2 £5 . 1 151 103%
53K - - 2 3 1 12 . 1 3 . 1 141 171
53M 2 2 3 2 . 4 145 . 1 202 1035
S2004 1 22 5 ER B 1 0 . 31 143
5303C 3 7 1 3. 2 8% . 1 141 175 2
5300¢% J 7 9 o S 1 69 . 1 139 244 -3
€300F 3 51 21 103 . 3 D . 1 85 51
S 2 5 9 S 1 9 . 1 115 243
£4E 3 H 2 15 . 1 2 . 1 55 215
s6E 5 9 1 L. 112 227 . 1 177 227 3
546 4 ) 1 7 . ¢ 635 . 1 399 127 13
54 e 17 5 3 . 2 9 . 1 56 166
552 2 15 5 EE N 1 2 . 1 54 294
£3¢ 1 1 3 S i 78 . 1 123 535
558 3 2 J . 4 - lE1 . 1 234 1035
552 1 1 L 3 . .5 163 . 1 225 1635
£5C s 7 7 11 . 2 ) . 1 76 1625
€5 3 11 9 S I 3 17 . 1 526 1035
55F 4 5 2 2. 5 95 . 1 299 241 3
574 7 12 2 n 7 n . 1 530 1025
£TC0A 2 > 0 .12 55 . 1 539 1035
27007 1 : y 3. e 5 1 548 1025
5 2. 17 3 b T . 6 9 . ! 579 1035
% ESTI®ATIN CEPTH M8y £ oNRSLIVNILE 3SCAUSE THE STRINGER PROT
. MF OTHI CONCUCTCY ey TT DIESERY 3R T3 INI SINE CF THI FLIGHT .
. LIk P

» CV 2ECAUSE OF A S54ALLIR D

- . - - .

0% JVIRLIURCIN ERFECTS, -
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792058

.SH

Lo o]

H C.%.4. SREFEFIELD  MaYrssi
CoAYTIAL ZOPLANAR . VEIRTIGaAL . 4CRTICHTAL COMDUCTIV
coIL - - CGIL . DIKE . SHEZT ZARTH
s3p 2 2 3 3 . 15 121 . 2 34¢ 41 23
3 A 3 3 9 8! . & 9 . 1 49E 1035 :
53¢ 7 3 9 ) . 23 143 , 1 251 251 5
695 7 12 b i . g 43 . 1 144 427
61 22 9 T4 22 . 51 23 . 5 167 & 16
3 3 2 4 5 . < 121 . 1 216 . 297 €
an 3 1 2 2 . 15 187 . 1 243 216 7
ia 3 3 « 10 . 2 13 . 1 108 238
2= 3 7 2 5 . ‘g 55 . 1 13¢ 151
20 3 H z 3 . g 122 . 1 149 152 2
1 3 25 9 42 . 1 3, 1 44 235
By i ? 2 1 . 2 121 . 1 53 1
iC 3 i 3 3 . 7 175 . 1 71 211
e 1 @ 5 5 . 3 83 . 1 130 110 6
1z 3 1 J 9 . 4 55 . 1 152 z41
) 3 3 2 9 . & 153 , 1 310 275 13.
54 2 i3 3 25 . 1 5 . 1 26 571 C
0 5C 4 3 1 3 . 5 163 . 1 - 177 292 3"
o 2 5 2 19 . Z 0. 1 34 457
7L 4 11 0 12 . 4 26 . 1 6939 1035

i ESTIMATIOD TEPTE MEY RS UNIAFLIADLE B8LZCAUSE THE STRINSER PART .
. OF TR IONDYCTOR HAY 3Z DZE2IR M T ONT SIDE C= THT SLIZHT .
. LINZ, TR SbCAUSI ZF A SdALLIw DIP CR JVIRIURDIN EFFZICTS. .

(]
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g8ZCaUSE THF

792059

CLNDUCTIVE

TARTH

237 4
1€35 3
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STPINGER PART .
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ESFECTS. .



792060

Gelal. SEIFFICLD M2Y/51

LAXTAL CO L ANAR . VIRTIZAL .  HORTICNTAL COMZUCTIVE
solL coil . LIKT . SHIET £LRTH

BL G AT REAL QJAD . ZOND JECTH:. CIND  CEIPTH  RESIS  SECTH
PE o CPM AP PP .. *HIS  FEET ., MH0S  FEST CHM-M FIET
0 o J 17 . 1 . 1 71 g74 5
3 4 2 y . 5 170 . 1 214 150 73
4. 3 4 7. 4 g2 . 1 135 156 Z4
I ) 9 o 8 162 . 1 224 137 73
2 14 ) 11 . 1 . 1 614 9
L 3 1 ). 3 55 . 1 111 99 5

20 11 £ 3 . 13 61 . 1 130 108 55
t 5 5 3. 1 32 . 1 31 634 )
17 17 .11 12 . 15 65 . 1 12¢ 34 29
14 17 11 21 . & T1s . 1 12¢ 1% 21
3 13 5 1) . < 25 . 1 137 127 13
5 ) 3 1. 7 54 . 1 133 135 27
3 13 2 3 . 3 43 . 1 27¢ 1035 2
1 A 4] > I 1 25 1 29¢ 1035 )
2 3 ) s B z 42 . 1 133 103¢ 2
b : 2 R 151 1 230 188 119
'3 4 3 T 1 5 . 1 108 978 5

TWATTL JOPTH MAY 67 JNPILIATLE 2ZCAUSE THS STRINGER °a2T

TR CCHoJCTLR ArY 00 G322 28 T3 NI SIJET CF THE FLIGHT .

f, 0% 1iTEuSd € & SHALL YA LIP 02 IVERURDAN ESFICTS. .



732061

327 54 2 Getada SEZFFIZILD MAY/Z21

SCAXIAL CEOLINAR . VERTICAL . HCRTZONTAL CONTUCTIVE
cart carL . LTK= ] SHEET £A2TH

LINE ©  ®EaL FUAY R4l QUAI . COND  7JEPTH%. CINY D3PTH  F=SIS DJE2TH
ANCA2LY  PPA PPW PRt 9P 4  , AHJS  FIET . MACS  FEST  0HM-M  FZET
924 L 14 4 1s . 1 3. 1 128 233 )
Sza 4 4 2 2. 5 £3 . 1 338 223 174
g7 5 27 3 45 . 2 D . 1 59 120 3
57¢ 2 12 3 2y . 1 9 . 1 53 45z 3
5 IC 1 4 1 “© . 2 71 . 1 128 530 ]
52 7 25 14 42 . 2 D . 1 78 111 )
53074 £ 4 2 1 . 4 121 . 1 79 356 3
g2 1 4 J 5 . 1 0 . 1 1 157 - 3?
g3t 2 ! 1 . 2 140 . 1 115 137 7
voag 5 1 3 7 X 1z 218 . 1 154 235 12
10 > 4 n 1 . 3 1e9 . 1 1€ 434 3
!"1c:: 3 z? 3 41 .1 2, 1 5 143 )
100; ; 3 5 ) . 1= 162 . 1 126 7¢ 25
1500 2 3 13 15, 3 44 . 1 171 52 63
itoos 2 5 5 , 5 87 . 1 14¢ 3s 23
Yol 5 7 4 12 ) 2 21 . 1 1932 112 3
12300 2 3 3 3 . 20 229 . 2 177 54 61
1960¢ 3 13 3 25 . 2 0 . 1 35 39 )
1018 5 3 1 3 . 4 73 . 1 156 212 22
10104 i ) 4 )y . 123 333 . 1 156 17 £)

s TSTINATIC LIOTR MAY Be UNTELIAALE P:CIUSE THE STRTINGER PAQT .

. 0T THI CCL0JCTCA 4AY <8 DRESI2 1R T INF SIDE CF THE FLIGAT .

e LINI, 02 5coausSc IF A SHAALLSW DIP 02 JIVER3UR0SN EFFSCTS. .
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792063

227 SH 2 Ceiala ShEFFIZLS MAY/ZEL

CrAXTA COPLANAR . VERTICAL . ACRIZONTAL CONDUCTIVE
ICIL cOTL . DIKZ . SHIET EARTH
LYéT 4 REAL LAY RISL QURAD . COND JEOTH%, C3IND 6EPTH PIEIS  DEPT
BC#ALY 2D 3p 4 pon op . AH2IS FECT . MADS FEET GAM-M Fzg
105€ 1 2 2 3] . 7 205 1 130 314
1134 2 5 D 3 . 1 £3 1 177 1025
® - -
Li4k 2 5 a3 3 . 2 119 . 1 249 810
1124 1 3 2 13 . 1 0 . 1 7€ 225
11454 2 3 3 z . 5 169 . 1 249 313 5
1244 2 7 0 19 . 1 17 . 1 115 1033
1238 3 i1 b) 22 . 1 4 . 1 54 732
1332 ) 4 ) ) . 1 17 . 1 12¢ 1610
'njeea 2 4 0 3 . 2 115 . 1 139 1035
ot E3TIMATED CIGTH MAY BI UMRSLIAZLE PICAUSE THT STRONGER P2RT .
. OF ThHI CONLJCTCS MAYf 38 GIEZMEY IR T5 JINZ SINE 02 THE =L I64T .
. LINT, OR 2F2aUS7 3F A SHALLIW DIP € JVER3IURAD:EN ESFEZCTS. .
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146°15'

BASE STRAIT

CYERSTONE e vonpoRT

41°15'

heffield

146°15'

Scale 500,000

DIGHEM SURVEY

A SHEFFIELD AREA , TASMANIA
© ELECTROMAGNETICS

FOR
C.R.A. EXPLORATION PTY. LIMITED

SCALE 1: 25,000

1 0 1 2 Kilometres
I ; i ]
1/2 0 1 Miles

SHEET 1 5cm

Y

Flight line
®
L]
[ ]
Fiducials
and
numbers
i
»

Report N° 11263
Plan N°. TASh 447

792064

ANOMALY  EM GRADE MHO
GRADE SYMBOL RANGE

6 @ = 100

5 » 50—99

4 @ 20 —49

3 (-] 0—19

2 o] 5— 9

1 O =4

X Possibie conductor

DIGHEM onomalies ore divided into six grodes of conductivity —
thickness product. This product in mhos is the reciprocal of
resistance in ohms. The mho is a meosure of conductance  and
is o gealogic parameter. Mcst swomps yield Grade 1 anomalies
but highly conducting ciays can give Grade 2 anomalies, The
multi - coil anomaly  shapes offen ollow surfoce conductors to
be recognized, and these are indicated by the letter S on this map.
The remaining Grode 1 and 2 anomalies could be weak bedrock
conductors. The higher grodes indicate increasingly higher
conductonces. Examplies: The ore bodies of the Magusi River camp
yield Grode 4 anomalies, white Mahobi and Whistle give Grade 5.
Graphite ond sulphides can spon ati grades but, in this survey
area, field work may show that the different grodes indicate
different types of conductors.

identifier - ¢ 384—mho vaiue
.\
\Inphase and
Quodrature of
Depth is Stondard Coil
greater than is greater than -

. 50 fout < Soem
: 100 teet - 10ppm
§ 150 feot v 15 pem
i 200 feet i 20 ppm

Refer to list of enomclies in
survey report for the actual
ppm values for all colls, and
for conductor depths.

The actual mho vaolue is plotted beside the EM grade symbol. The
letter is the onomaly identifier, The horizontal rows of dots indicate
ancmaty amplitude on the flight record, and the wertical column
gives the estimated depth. This depth may be unreliable because
the stronger part of the conductor may be deeper or fo one side
of the flight line | or because of a shaliow dip or conductive
overburden effects,

a— Conductor axis

S Probable surface response

sP Possible surface response

L Probable line ( pewer , telephone,
pipe,or fence)

L?  Possible line

? Questiohable cnomely

o " Apparent thickness >10m

- Dip

1004 Direct mogretic correlation of 100 gammos

DIGHEM maps are designed to provide q ¢correct impression of
conductor quality by means of the conductonce grode symbols.The
symbols con stond olone with geology when plonning o followup
program. The actual mho values are plotted for those wha wish
quantitative data. The aromaly ppm ond depth cre indicoted by
ingonspicuous dets which should not distract from the conductor
patterns, while being nelpful to those who wish this information.
The map provides an interpretation of all conductors in terms of
iength, strike direction, conductance and depth. The accurocy
is comparable to an interpretation from a ground EM survey
having the same jine $pacihg,
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5 *» 50—99 but highly conducting clays can give Grade 2 anomalies. The
4 ® 20 —49 multi - coil  onomaly  shapes often aliow surface conductors fo
be recognized, and these gre indicated by the letter S on this map.
3 o 10—tg The remaining Grode 1 and 2 anomalies could be weak bedrock
2 O 5-— 9 conductors. The higher grodes indicate increasingly higher
conductances. Exampies: The ore bodies of the Magusi River comp
! C =4 yie!d Grade 4 anomalies, white Matabi and Whistle give Grode 5.
X Possible conductor Graphite and suiphides can span al! grades but, in this survey

area, field work mey show that the different grades indicate
different types of conductors.
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Du;:;h is Silanderd Ceil

gregter than is greatar then
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i 150 feat ... 15 ppm

{ 200 faat .... 20 ppm

Refer to list of enomalies in

survey report for the actual
ppm volues for ell coils, and
for conductor dapths,

The actual mho volue is ploHed beside the EM grade symbel. The
letter is the anomoly igentifier. The horizonta! tows of dots indicate
ancmaly amplitude on fhe flhight record, and the vertical column
gives the estimated depth: This depth may be unreliable because
the stronger part of the conductor may be deeper or to one side
of the flight line, or because of a shaliow dip or conductive
overburden effects,

w— Conductor axis

S Probable surface response

s? Possible surface response

L Probable line { power, felephone,
pipe,ot fence}

Le? Possible line

? Questionoble anomaoly

o Apparent thickness = 10m
Dip

1002 Direct mognetic correlation of {00 gammas

DIGHEM maps are designed to provide a correct impression of
conductor quality by means of the conductance grade symbols, The
symbole can stand alone with geciogy when plonning a followup
program. The actual mho values are piotted for those who wish
quantitative dota. The onomoly ppm ond depth are indicated by
inconspicuous dots which should not distroct from the conducter
potterns, while being helpfu! to those who wish this information.
The map provides an interpretotion of oll conductors in terms of
length, strike direction, conductance and depth. The accuracy
is comparable to an interprefation from a ground EM survey
having the same line spacing.
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