i

¢
i
i
H

Questor Surveys Limited, 6380 Viscount Road, Mississauga, Ontario L4V 1H3

Y- 27— 12275

GECLOGICAL
ASSESSMENT

ELECTROMAGNETIC AND MAGNETIC SURVEY
~—KIDD CREEK MINES LTD.

SALTSPRING ISLAND 1984 AEM

PROJECT # 26H19 APRIL, 1984




0 | CONTENES

;J' l. I:NTRODUCTION [N I NN N NN R E R NI NI I A I I 2 A A A
2. SURVEY OPERATIONS ..'..Q"l'...'.".Q.......I'.Q,.'Ol...'...

2a. Project LoCation ..iecccovccocesssossscocssossscsnssos
2b. Production 8 2 0 0 QO ® QOO S & O C O SO PO E WD OO ®I SO ECS S SO S OO SO0 SO
20. Survey Personnel © 3 0 @ U PGB O LI 8 S D00 S8 S80HEO0O0CAGEEECEIE P
2d. Data Compilation cceesecsccoccncosscoscsssecsssscssessscs

3. INPUT DATA PRESENTATION # O 8 &8 ® 000 SO 6 G &S OB TP OO & OO O RS S

4. INTERPRETATION“ GENERAIJ 0 60 0 000G WOR G L & 0D S O C eSO OB OB e ¢S

4at Regional Geology 00 9O B S ¥ OB I OEC GO OO T S O IO E NG SO CE SO SO S
4b. COHdUCtiVity AnalYSiS © 60 € 0 8% 63808 Et LSOO OERNOENBSPOOOOE

~ ~J (8] WhoroN N =

5. INPUT INTERPRETATION .O.....0tl..l......i.....ﬂ.‘.....C.l..‘ 11

5.1 Salt Water ReSPONSES .cocsscocccoscsosssescsosssasscnss 1l
: 5.2 Geological Conductivity .cececoccoccccsscscsssassanace 12
t‘(} 5.3 Cultural RESPONSES ssseccssssscssscsssescssnsossssscscs 13
5.4 Weak Geological REeSPONSES ..ecccecessssccssssssscscncs 14

6. CONCLUSIONS AND RECOMMENDATIONS ® ® ® 0 & ¢ 0 9 O % O SO 6 OO OO 9O IE PSS ODS 22

APPENDICES
APPENDIX BARRINGER/QUESTOR MARK VI INPUT(R) system vveeeev... A=1

APPENDIX The survey Aircraft L A A I N N A I A A A NN RN B—l

APPENDIX INPUT System CharacteristicS sececseccossoscscacssnss C-1

o o w >

APPENDIX INPUT Processing '.0..l.....O..Q‘.I‘..'..'.......0... D—l

| APPENDIX

tz

INPUT Interpretation Procedures R R E R EE T I N 2 ) E—l
arl kAPPENCIX F INPUT Response MOdelS R R E R R R R E I I I Sy Sy AT ST S N R S W Y F—l

= APPENDIX G Quantitative Interpretation ..cicecececcecssccsnsses G-1

v{ ”;A]:V)PENDIXH Bibliography 2 ® & & @ 8 % ® © 2 ¢ O O O G O O & ¢ O F O a8 O 0 O s ¢ O e SO0 S SO SO H—l
g ; Input Survey ResUlLsS ... i ieeeeerrorrsesosonaonsosannsansssnsness 1st pocket

g Total Magnetic IntensSity SUTLVEY e vieeesoerseesscansnonannsonss 2nd pocket
' DATA SHEETS

»  LISTING OF PICKED FIDUCIAL POINTS




INTRODUCTION

This report contains our interpretation of the results on
an INPUT MK VI airborne electromagnetic and magnetic survey flown
for Kidd Creek Mines Ltd. The survey area 1iés within the
Province of British Columbia, approximately 10 kilometres east of
the Town Duncan on Vancouver Island., The area outline is
presented on the following page.

The survey was commissioned by Mr. P. DeLancey of Kidd
Creek Mines Ltd. on April 26, 1984. D. Martyn, Geophysicist for
Questor supervised the data acquisition and preliminary data
reduction while the author completed data compilation through to
the completion of the project in July, 1984. Mr. G. Hendrickson
of Kidd Creek Mines visited the survey base to review results and
production,

The survey objective is the detection and location of base
metal sulphide conductors within mostly Paleozoic volcano-
sedimentary lithology of the Sicker Group.

The primary survey area consists of 214 kilometres of
traverse and control lines. These were flown on June 11 and June

12, 1984 using Duncan as the survey operations base.




2b.

2C.

SURVEY OPERATIONS

Project Location

A Bell 205A Helicopter equipped with the QUESTOR/BARRINGER

MK VI INPUT system was utilized for the survey, which is composed

of 1 contiguous block. The survey area lies at the junction of

N.T.S5. Maps 92Bl2 and 13.

Production

The flight line spacing over the block was 200 metres.

The table summarizes the kilometres flown during the survey

operation,

Traverse 1liNeS .ecvecesess 212 km.

Control lines ........... 16  km.

Total 1lines eevececeevess 228 km,

The survey was completed in two production days and three

flights. A further flight on June 18 was used to place f£ill-in

lines to span navigation gaps. No production was lost to any

cause during the survey.

Survey Personnel

The survey crew was made up of experienced QUESTOR and

Trans Canada Helicopter employees:

Crew Manager/Geophysicist - D.
Pilot/Captain of Helicopter - B.
Co-Pilot/Navigator - B;
INPUT Equipment Technician - D.

Aircraft Engineer - J.

Martyn

Masson (Trans Canada)
smith |

Makos

Caza (Trans Canada)
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2d.

The flight path recovery was completed at the survey base,
while the final data compilation and drafting was carried ou£ by
QUESTOR at its Mississauga, Ontario office. The magnetic and
electromagnetic processing was carried out using QUESTOR software

and computer drafted by DATAPLOTTING SERVICES. The INPUT

- interpretation and reporting was completed by M.H. Konings,

P.Eng.

Mr. Grant Hendrickson, Geophysicist for Kidd Creek Mines
was the technical authority for the project. A preliminary
compilation of results - a red ball anomaly map ~ was kept
current at the survey base and presented to Kidd Creek Mines

at the completion of the field data acquisition.

ata Compilatio

The flight path of the aircraft is recorded by a frame
camera on black and white 35 mm. film continuously during flight.
The camera is controlled by the fiducial time system of the data
acquisition system so that pictures are taken once every 2
seconds. Fiducial numbers are imprinted on the film, marked onto
the analogue records and recorded digitally at the same instant.

The flight line headings are opposite on adjacent lines,
which are normally flown sequentially in an "S" pattern., The
navigation references are flight strips at a scale of 1:20,000
which are made from the base maps. The equipment operator logs
the flight details recording line numbers, time, the fiducial
range and other pertinent flight information. This information

comes from the magnetic tape after it has been recorded (read-
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after—write). It is compared to the film, analogue records and
the magnetic base station recording at the completion of the
survey flight,

The film and all records are developed, edited and checked
at the completion of each flight. Recovery of the flight track
is carried out by comparing the negative of the 35 mm. film to
the topographic features of the base map. Coincident features
are picked and plotted on exact copies of the stable mosaic base
map-on which the final results are drafted. Points are picked at

an average interval of 1 kilometre. This corresponds to one

whole fiducial unit or 20 seconds. The picked points will not
necessarily fall on whole fiducial numbers, but on the final
presentation, only the first and last whole numbers on a line are
marked on each flight line. By interpolation, the whole numbers
are marked as ticks along the flight path. This keeps the |
anomaly and interpretation maps free of unnecessary numbers. The
actual location of the picked fiducials is marked on the flight
path as a round point, whose fiducial value is summarized at the
end of this report,.

These procedures are performed daily so that the data
quality and progress may be measured objectively. Reflights for
covering navigational gaps and other deficiencies are usually
flown on the following day.

The analogue records are inspected for coherence with
specifications, and anomalies are selected for élassification and

plotting. Selected anomalous conductors are positioned by
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plotting their fiducial positions, less the lag factor (Appendix
C). These resultant positions are located by interpolating
between fiducial points established by the flight path recovery
proceés.

The survey results are presented as 4 products. There is
an INPUT anomaly map with magnetic contours, a magnetic contour
overlay with flight lines and an E.M. anomaly map with
interpretation.. The summary describes the interpretation of
INPUT results and presents recommendations for ground follow-up

surveys. In addition, a colour contour map is also provided.

INPUT DATA PRESENTATION |

The base maps for the survey area are photomosaics
constructed from 1:63,350 air photographs supplied by the British
Columbia Map Office and taken in 1982. These were used first for

the flight strips and later as the base onto which the flight

~ path was recovered. The mosaics are uncontrolled at a scale of

1:10,000. The area was partitioned as illustrated on the
location map.

/ The INPUT anomaly map presents the information extracted
from the analogue records. This consists chiefly of the peak
anomaly‘positions and responée characteristrics, surficial
responses, up-dip responses, and magnetic anomaly locations. 1In
effect, these represent the primary data analysis. The symbols
are explained in the map legend, but the following observations

are presented:




- position of peak anomaly;
- conductance or conductivity-thickness;
- amplitude of channel 2 response;

- channel 2 half amplitude profile width (for amplitudes
greater than 75 ppmn);

- position and peak amplitude of associated magnetic
anomalies;

- where present, surficial, up-dip, poorly defined responses
have been identified with a unique symbol.

The INPUT interpretation maps outline the geophysical-
geological interpretation of the electromagnetic, magnetic,
geological and physiographic data. The primary survey target -
bedrock conductors‘have axis locations and dip directions, where
they are interpretable. The anomalous zones which are
recommended for follow-—up have a reference label assigned, to
which additional comments and recommendations are directed in the
Interpretation Report, following this section. Surficial
response sources are mapped out by boundaries showing their
interpreted lateral extent, The following list summarizes the
interpretation presentation:

- bedrock conductor axis, probable and possible;
~ conductor dip;
- surficial conductor outlines;

- anomalous conductors selected for ground evaluation with
reference number. '
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‘Younger Mesozoic rocks of the Nanaimo Group have been reported to

INTERPRETATION — GENERAL
Regional Geology

Saltspring Island is underlain by mostly Paleozoic age
volcanié and sedimentary rocks of the Sicker Group. The exposure
of these older units in Southern Vancouver Island occurred as a

result of an event described as the Cowichan-Horne Lake Uplift.

directly overlie rocks of the Sicker Group. These are exposed at
the Sansum Narrows and at the southeast corner of the island.
Specifically, the survey area is dominated by the Myra

Formaation. These are described by J.E. Muller in GSC Paper

79-30 as a thick succession of schistose, folded and deformed
rocks, The rocks have apparently been derived from basic to
silicic tuff and breccia with some argillite and greywacke.

It has been reported that sills of meta diabase are
intercalated with the sediments. On early geological references,
the Sicker Group appears to have been mapped as the "Saanich
Granodiorite", The Saltspring Intrusive in the northern half of
Saltspring Island has been interpreted as the lower level of a
volcanic centre in the reference. The economic of the Myra
Formation is demonstrated by the Ag, Au, Cu, Pb, Zn and Cd

mineralization in the Westmin Deposits, presently being mined.

Conductivity Analysis

The conductivity-thickness products of planar horizontal
and thin, steéply dipping conductors are proportional to the time
constant of the secondary field electromagnetic transient decay.

This transient may be closely approximated by an exponential



function for which the conductivity-thickness product (TCP) is
inversely proportional to the log difference of two channel
amplitudes at their respective sample times.

These response functions are presented in the form of
graphs in which the amplitudes of the 6 channels of INPUT
response are plotted on a logarithmic scale against conduct-
ivity. The relative amplitudes of the secondary response, at any
given conductivity, may be accurately related to the depth of a
conductor below the surface. These are typically referred to as
Palacky nomograms, These are available for a number of conductor
geometries, It has been found that the shape of the decay

transient and its amplitude is usually unique to a particular

geometry. Therefore, if the origin of a conductive response is

in question, a good "fit" of the peak response amplitude to one

nomogram will define its origin.

The 90° nomogram was utilized exclusively to determine the
apparent conductances of the responses obtained from the
survey. This assumption is valid for near vertical conductors,
within a dip range or 45-135°, relative to the aircraft flight
direction,

Although the conductor depth can be interpreted from the
nomograms, the short strike lengths and the variability of
conductor geometry may result in the over—estimation of depths.
The response shapes are indicative of shallow depth conductors
over the entire survey area, with 0-50 metre depths interpreted
for most selected zones. The INPUT system depth capability is
typically 200 metres for a vertical, 600 metre strike length by

300 metre depth extent target. The effective penetration depth




increases for a dipping target and decreases for a smaller size

conductor.

Depths were only determined for responses which appear to

fit the interpretation model - a thin near vertical plate with a

strike length of greater than 500 metres.

Qualifications for

these determinations are summarized in the interpretation

section,

An anomaly listing at the back of this report summarizes

each anomalous response in a numerical sequence. In addition to

the standard anomaly parameters, an "anomaly type" classification
has been added. The letters correlate with the plotted symbols

according to the following table.

ANOMALY TYPE  RESPONSE SOURCE

SYMBOL
BLANK bedrock conductors circular
S surficial (overburden diamond

or lakebottom)

conductivity
U up-dip accessory half circular, half
peak to main response diamond, symbolically
"pointing” in dip
direction
W down-dip peak same as above
P poorly defined asterisk "*" in
response lower left quadrant
C cultural source square

-+
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The "P" poorly defined response may not yield signatures
diagnoétic of a discrete bedrock anomaly to standard
electromagﬁetic prospecting equipment. Interpreted axis

locations may be approximate for these intercepts.
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INPUT INTERPRETATION

Above background electromagnetic responses of the
Saltspring Island INPUT survey can be categorized into five
classes;

a) salt water conductivity - Satellite and Sansum Narrows;

‘b) geological conductivity enhanced with probable electrolytic

solutions (salt water);
c) cultural responses;
d) weak geological responses;
e) Dbedrock responses.

In addition to the above, a uniform background secondary
field was evident over almost all of the survey., This is
undoubtedly due to a very weak electrolytic conduction in soils
caused by salt on Channels 1 and 2 as a very fast decay, however
it is much stronger in the perimeter of the amplitudes of the
survey area, close to the water level. The half width amplitudes
of channel 1 are very broad and extend well inland for thé salt
water responses. This can be attributed to higher concentrations
of salt caused by wind-borne spray.

This has an additional effect on the conductors in the
survey area., Current gathering ot the effect of surficial
conductivity interacting with a bedrock conductor has probably‘
helped to enhance weak geological conductors, generally causing

exaggerated response amplitudes.

Salt Water Responses

Response 10380A is typical of a salt water response

contrasted to generally resistive conditions northward towards
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responses B,C and D. The physical model for salt water is a
horizontal layer. No shift of the channel peaks should occur,
and in the absence of altimeter variations, only a single peak
will be'registered. Where there is no salt water intrusion, the
responses will return to background levels quickly and
predictably. The half width limits for horizontal conductors
very accurately delineate the extent of the horizontal
conductivity. .

Salt water responses as a rule occur at the edge of the
survey area and as a rule, the peak amplitudes occur further
out, past the ends of the flight lines. From responses 10260A
and 103807, the high conductances are characteristic of a salt

water response,

Geological Conductivity |

Although the author had only sketchy geological infor-
mation available, across the northern survey boundary a unit of
the Nanaimo group of Nesozoic age sediments is in contact with
the Sicker Group. We propose that the southern extent of the
conductivity for those horizons marks the contact. The responses
are broad and originate from a wide source, To distinguish this
unit from adjacent weaker responses, they are represented with
the diamond shaped symbols which we normally use with surficial
or layer source conductivity.

At least three linear conductive bands can be traced
across the northern end of the area. The southern half width

limit should be a reliable contact marker between a resistive and
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conductive (resistivity low) rock unit, For flight lines
directly adjacent to Burgoyne Bay, INPUT responses for this
horizon show the effects of salt water intrusion. Both
amplifudes and apparent conductances increase to the west from
flight line response intercepts 10340D and 10350A. This unit
therefore, has both a permiability and porosity increase in
contrast to the Sicker group volcanics. |

Magnetic contours suggest that this unit has a marginally
greater susceptibility with magnetic peaks often coincident with
INPUT response peaks.

We suggest that carbonaceous sediments are the explanation
for bulk conductivity where salt water intrusion is not a
problem. The main evidence for this is the consistency of
response shapes, response amplitudes and apparent conductances
over very many kilometres.

The interpreted conductor axis represents the central

portion of the conductor while the half width limits define the

- edges,

Cultural Responses

Where recognized, responses attributed to man made
conductive sources are outlined by a black square with lower case
letters. These occur between Bruce Peak and Hope Hill and extend
downhill (northward) along flight lines 10221 and 10210.

The power line monitor did not respond but the shape of
the responses and their positions are exactly coincident with

roads. The form of the responses is a double response peak which
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fits a vertical to near vertical sheet model. For cultural
responses, this is usually produced by a grounded hydro or
telephone line, sometimes by a fence but not by a buried pipe.

" All of the responses on flight line 10221 between cultural
response "A" and geclogical response "C" are interpreted as
cultural conductivity effects, in this case seen as lateral
effects from flying offset and near parallel to the source. The
same principles probably apply to response 10210D.

The sharpness of ZONE 7A, combined with its location in a
clearing, leaves it suspect as a bedrock source, although a film
check could not confirm this. Similarly, the sharp consistent
and symmetric character of ZONE 37D leaves it suspect; however,
as its northern extent lies in bush, away from.the potential
cultural effects of Musgrave Landing, a bedrock source is

possible.

Heak Geological Responses

With the notable exceptions of ZONES 7A and 37D (discussed
on the following section) the southwestern third of the survey
area has a resistive character. It is modified by enhanced
somewhat by conductive soils; however, up to six horizons of
extremely poor responses have been identified., Their generally
weak character combined with wide profile widths (rarely depicted
by half width presentation due to low amplitudes) leaves the
interpreter to believe that these are geologiéal units with a
minor conductivity contrast. In spite of what may appear to be

local conductivity-thickness anomalies caused by modification by
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increasingly conductive soils in the proximity of the
gsouthwestern shore, and the author's uncertainty in classifying
these responses as definitely geological to possible bedrock,
nofoliow~up recommendations are suggested.

TwoO origins‘are possible for these horizons as depicted on
the interpretation maps:

a) carbonaceous conductors;
b) permeable horizons susceptible to weathering.

The first situation is well understood; however, the
second possibility would require detailed mapping to
substantiate., We suggest that some of the responses could
originate from within tuff horizons, for example, which could be
marginally conductive by natural weathering but could also be
enhanced by infiltration of natural electrolytic solutions -
ground water with salt spray.

The southern third of the survey area is also character-
ized by flat magnetic gradients. As there are some strike
discrepancies between the interpreted axial traces and magnetic
contours, comparisons with geological information are recommended

to either explain the observation or modify the interpretation.
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ANOMALY 1C

Conductance 1458

Dip ?
Striké Length + 400 m,

Magnetic Correlation

Related Responses 100158, 10021D, 10041D

Where the southwestern 3/4 of the survey block is charact-
erized by a relatively flat magnetic background of 56300 nT, the
area of profound formational conductors has a consistently higher
background susceptibility. This may have direct relation to the
Nanaimo unit. The responses selected appear to lie within this |
unit if there is a direct geological relation to the weak
susceptibility contrast. The INPUT responses can best be
described as subtle inflections on the flank of the formational
conductors. It is conceivable that both the amplitudes and
conductances are enhanced by the superposition of high amplitude
formational responses.

The formational conductor to the north appears to dip to
the northeast on flight lines 10010S and 10015S while immediately
to the south, bedrock conductors dip south with no ihdication for
the 1C response.

The axis location for the selected "anomaly" must be
considered approximate; however, the vertical axis peaks should
closely approximate a location over the conductive sheet if it is

dipping.
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ANOMALY 5B
Conductance 13s
Dip -

Strike ﬂength -
Magnetic Correlation -

Related Responses -

The 10050B intercept is located closely adjacent to the
Nanaimo unit formational conductors. The response was selected
for its sharp, narrow profile, It is possible that the conductor
may extend westward, superimposed on the flanks of the
formational zone, The axis position should be considered
approximate while its position close to a sharp local magnetic

response in an otherwise uniform unit is a favourable situation,

ANOMALY 6C

Conductance Range 6-118
Dip . S
Strike Length 3 km.

Magnetic Correlation -

Related Responses 10010DE, 10015C, 10021C, 10030B
10041C, 10050C, 10060E (10065C)

The zone is a consistent long horizon, invarient in
amplitude and conductance. The responses, except for 10010D, are
up and down dip peaks, interpreted from the shifted peaks. The
value of the dips is interpreted to lie between 40 and 60°., The
selected response (intercept 10065C) exemplifies the form of the
responses. The horizon should be investigated together with ZONE

6D (10060D), as it has no apparent section of enhanced responses.
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ANOMALY 6D

Conductance 228
Dip S
Strike ﬂength 400 m.
Magnetic Correlation 14 nT
Related Responses : 10050D

The 6C ZONE is unique in the survey area because a
magnetic anomaly is coincident with the best part of the E.M.
responses, Along strike, weak and diffuse responses can be
traced along strike to the NE for 2 km.; however, axis positions
should only be considered approximate. The half width extent to
the southwest gives a better indication of the lateral extent of
the conductor, which at best is still weak and diffuse. The low
amplitudes are evidence of a non-massive source of the conduct-
ivity while the "22" Siemen value presented may be somewhat
artificial due to superposition with the adjacent conductive
horizon to the north.

The dip of the conductor is southwest at a flatvto
moderate value. This is deduced by the shift of later time

channel peaks in the direction of dip.

A high priority ground follow-up is recommended for this

zone, utilizing techniques sensitive to poor conductors.
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ANOMALY 7A

Conductance 9s

Dip ‘ -
Strike Length 250 m.
Magnetic Correlation -
Related Responses 10071A

Two unusually sharp responses occur isolated from other
conductance trends. The sharpness and single intercept nature of
the responses can only be interpreted as a limited dimension
horizontal source. The responses occur in a clearing. In ground
follow-up, look for a fence with of without a ground, having side
lengths of less than 200 x 200 metres,

If culture cannot explain the source, then a horizontal or
very flat dipping bedrock source with very limited surface
projectibn dimensions will be the conductivity explanation. The
half width shown for the 10071A response graphically presents the

approximate width dimension.
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ANOMALY 13F

Conduct&nce 8S
Dip ‘N?
Strike Length 100 m.
Magnetic Correlation 15 NT

Related Responses -

The 13F response intercept is weak in amplitude; however,
the form of the transient suggests that the conductance has been
underestimated. The response is directly associated with a local
sharp magnetic peak. .

The poor amplitudes, combined with the sharp response
préfile, are not unusual for a source with limited dimensions and
this type of response is associated with spheric or system noise
characteristics.

The response, in sgpite of its limited dimensions, should

be considered a first priority target.
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ANOMALY 37D

Conductaﬁce 34sS

Dip 90°
Strike Length + 1,100 m.

Magnetic Correlation -

Related Responses 10331DE, 10340aB, 10351BC, 10360AB,
10365AB, 10371C

All of ZONE 37D responses are typical of a vertical sheet
target. The higher amplitudes of the western intercepts (ie,
10331E, 10340A) relative to their matching responses on the
opposite side of the conductor axis can be attributed to super-
position of background'resistivity low responses, The except-
ional consistency of the response shapes and amplitudes is often
a sign of culture. Although the responses do trend through some
open areas near Musgrave Landing, they also extend northward into
an area of thick bush.

If the zone has a cultural source then the low amplitudes
would be attributed to a vertical ribbon type conductor. No
depth interpretation was attempted for this zone as the low
amplitudes would cause an overestimate of depth for a conductor

whose shape is characteristic of a shallow source.
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6. CONCLUSIONS AND RECOMMENDATIONS

Although surficial conductivity is present in the survey
area, it is homogenous in nature and does not severely interfere
with the INPUT interpretations with the exception of the
presented half width extent. These may be locally overestimated,
especially in coastal areas to the southwest.

Formational conductors, with the exception of the strong
zone along the northeast survey boundary, may be supplemented
with representative sections of the weaker horizons and the
"isolated" responses which occur randomly throughout the project
area, for which no axis interpretation has been made. The model
targets for the survey - the Westmin Deposits — are not noted for

1(:) | electrical characteristics, especially when depthsare well below

the ground surface and the target size is finite,
Respectfully submitted,

QUESTOR SURVEYS LIMITED

Wocal U Mooty

Marcel H. Konings, P.Eng.,

Senior Geophysicist.
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1O030E 129,495 8 4 244 132 68 40 - - 14 143 -
E; o lugalA 107,3¥1 82 148 42 - - - - NG 147 -
(;} ToGAtE 108,212 0§ 2 a4 57 - - - - NC 123 -
S eeart 13,787 k3 D00 U5 40 - - - 6 130 -
i AL 114,494 P & 189 B 51 - - - 712y 114,82 44
- LA 115,397 8 6 8B 411 167 49. 46 21 18 139 .




JOg NOT26HI9
, INPUT K ANOHALY PEAR  RESFONSE  AMFLITUDRES  (PPH)  TCR ALY MAGNETIC
(7) LINE FIpucIab  TYFE CHS CH1 LH2 CHI CHA4 CHS LHé  (8) (M) FIDUCIAL VALUE

100504 92,81
100508 0L, 244
100500 Q4,723

547 299 160 8O 44 25 18 117
132 63 41 - - 13 142 93,
s 76 40 - - - 5126 94,
94,996 b 78 w2 - - - 8 126
IEOE 101.26%  F 2 a1 - - - - NG 123 -
105G {63,504 0 8 2 26 4y - - - - NG 11l

ol B}
= O
B LA

tooo o g

- T s

[ES I SIS - s N
>
o
<

o O
s s
o, hah

L0500 1o, g8d b 4 231 76 43 - - - g 130

PAGA 81,504 b b 4469 218 126 b2 34 18 21 141 oo
Pat &Ll B2.596 3 3 225 162 41 - - - 8 126 -
FON&GC B3, 294 : 2 192 43 - - - - NC 110 -

145 79 46 S0 - - 22 146 -
172 76 38 - - - 11 119 -
514 356 178 Y3 54 56 20 139 91.07 41

10600 894649
TGOS0 H9.918
f00LOF P1.640

S

]
o Lad

o
i
i
t
i
i

NC 144 -
] 45 25 - - 11 145 -
115 45 - - - 7 142 -
263 147 79 47 28 22 147 48.67 33

10G6EA 43,212
10065k 46,897
100600 A7 213

(:) 10085 45,203

T T
o Lad o
P v s

PN ]

o
i

FOG70RH 47.6%2 5 6 1979 1425 933 87 370 212 44 144 -
10670k a8 213 & b 644 355 188 100 54 26 18 145 -
106760 20,389 W 3 214 88 44 - - - & 124 -
o700 /40207 F 2 103 39 - - - - NC 117 - -

150718 77,617 3275 8t 30 - - .~ 7 135 -

loo7iB 78,998 & 3 221 87 34 - - = 7 123 .
| 007IC 79,776 § 4 436 198 104 51 -~ - 13 181 -
L leurna 400689 P 2 91 36 - =~ = NC 118 -
< loovsy 42,908 s 3 175 74 31 - - = 8 132 -
1

= 100740 &/l 5 3 408 179 89 - - - 11 113 -
100748 H7, 009 5 3 190 64 32 - - - 11 121 -

100778 68,407 4 133 41 18 g - - 9 142 -

ING8GA 58.899 g 3 231 102

5 - - - 6 117 -
LO0B0E 59,196 8 3 192 78 4

- - - g 127

o

F

1008 61.598% F k) 122 44 24 - - - 300125 -




:é JOB NOI26HL9
3 ENFUT EN ANGRALY PEAK  KESPONSE  AMPLITUDES (PPM)  TCF  ALT HAGNET1C
(T} LLHE FIRUCIAL TYFE CHS  CH1  CH2Z  CH3I  CH4 CHS  CH6 (B) (M) FIDUCIAL VALUE

1U0RIR HUGL 208 u 3 170 a7/ a1 - - - 17 1490 -
100810 4/ 017 5 6 oY 281 155 89 L 26 22 148 -
1009040 44,4208 5 ] 506 344 195 109 &7 8% 23126 -
TO00R 43,810 F 3 207 74 43 - - - 9 125 48.67 33
H0G90C 49,609 F ) 157 g2 a2 - -~ - i1 122 -
100200 03,135 F 2 147 51 - - - - NC 109 -
10050k 9b,1al G 3 199 81 37 - - - ¢ 113 -

10100A 35,471 5 208 75 47 - - - it 123 -

4

99 41 - - - - NC 133 -
141 46 - - - - NC 126 ~

101014 37,566
10101R 384193

T
IR

150 57 - - - - NC 134 -
21 128 -

e
o

101024 39,125

Tei02g 43,004 F 198 102 66 29 - -
101020 43,193 210 1468 67 29 - - 18 130 -

H
!

181 74 48 - -
997 306 164

101020 43,690

*7(:) 10102E 45.124

11 130 -
18 132 -

0
s Do

o TR

~J
ra
!
rJ
i

3

798 477 259 140 77 36 19 12 -

: 101104 254,453 g 6

. 10110k 254,878 5 & 494 259 142 74 39 24 20 137 -
10110C 255,420 § 5 501 255 119 59 32 - 13 143 -

1o11on 257,242 F 3 137 53 26 - - - 6 134 -

f 10110€ 257,714 P 3 213 87 40 - - - 9 107 -

} 10110F 258,424 3 3 103 75 29 - - - 7 129 -

101106 261,734 5 27123 40 - - - - NC 115 -

101116 263,893 2 2 101 27 - - - - NC 122 -
1 10111R DEE L HTT B 3 162 b4 16 - - - 4 115 -
, 101206 244,099 F 3 150 564 28 - - - 11 117 -
5 10120k 246,354 P 3 83 4 2 - - - 7 122 -
A 10129c 247,212 F 2 120 40 - - - - NC 131 -
Loizon 250,598 F kt 146 80 35 - - - 9 118 -
11208 251,103 F 3 171 77 31 - - - 8 118 -
i 101 20F 252,908 B b 590 304 143 69 31 10 13 128 -
LG1A408 RS I Sl 8 b 628 342 186 103 52 30 20 146 -
10130k 231,721 5 b 554 304 162 79 44 21 17 121 -
, {01300 252,104 g b 527 263 123 51 21 10 12 130 -
; 101300 234,115 P 3 147 54 29 - - - 14 130 -
y 1Ol EGE 35,040 f A 1642 91 38 - - - 8 124 -

ey

Ex




= JRE NDTREMLY
ap. INFUT BN ANOMALY  FEAK RESPONSE AMFLITULES (FFM) TCP  ALT MAGNETLC
(7) LINE  FIDUCIAL TYFE CHS  CHL  CH2 CHZ  CH4 CHS  CH6 () () FIDUCIAL VYALUE

101508 287,889 f 3 ol &7 13 - - - g 113 -
101306 2384494 f 2 73 22 - - - - HC 114
10130H 2590659 F 2 553 19 - - - - NC 120 -

5 10130A 13,007 5 2 100 22 - - - - NG 120 38,42 23
o 1601360 S, 203 8 2 93 A7 - - - - NC 128 -
1013060 40,871 F 3 177 9é 55 - - - 11 144 -

-
3

2 70 24 - - - - NC 131 -

3 75 23 - - - ~ NC 122 Lo

101404 223,222
10140R 224,139
101402 226,909
101400 227.900
101400 228,344
= 10140E 228,764
. 10140F 230,348
101406 230,803

¢

4 92 b6 34 23 - - 1% 138
4 203 102 54 15 - - 10 120 -
4 148 62 31 14 - - 12 145

] 320 266 118 T 19 - 10 124
) 640 348 173 87 41 21 15 138 -

Uy VS Do T

o
o~
~d
[
oW
~d
[

187 . 87
115 a6

14 145 -
- 12 136

101504 208,788
10150 209,432

b

£r3
h
£
~J
~J
3
d
w0

[ -4

28]

—

o~

‘ 101514 212,791 F 3 176 80 44 - - - ? 121 -
10151a 214,435 L

101%1Ek 217,023 ' 1 a7 - ~ . - - NC 1

16151¢C 218.214 1 71 - - - - - NC 12 -
1061540 218,820 1 82 - - - - - NC 1

58

101404 199,153 F 3
73 3
1

101408 200,276 P

5 - - -~ = NG 132 -
5 - - - - NC 128 -
5 - - - - NC 131
8

PY R3PS 3

101600 201.131 F 43 -

101400 201,693 F 43 - - - - NC 145 -
101802 204,170 G

f 101460E 205.900 £ 4 178 g2 44 12 - - 10 118 -

" 10140F 208.008 8 ] 412 224 117 62 28 - 15 143 -

- 101704 187.7¢8 5 & 738% 379 196 21 50 37 17 139 -

T

330 262 136 60 29 - 13 123 -
328 156 79 39 - - 13 142 -
122 48 33 - - - 7 120 -
149 33 4% - - - 7 134 -

LUl 70k 188,133
161700 183,479
11700 120,982
FOL708 191,772
W0i70s 193,100

T u
O L B

[ R

LA ANE 195,693 1 64 - - - - HC 115 -
rﬁ‘;&} LOI766 LY&6, 299 F 3 74 49 29 - - - 12 122 -
; FO170H 1964678 f 3 /b ad 16 - - - 30134 -
» H0170e 29,019 ¢




JUl NOTZaHY
tﬁj INPUT L ANDHMALY FEAK  RESFONSE  AMFLITUDES  (FFHM)  TCP  ALT HAGNETIC
\ LIHE FInuCIal TYFE CHS CHL CHZ CH3 CHA4 CHS CHé  (8) (M) FIDUCIAL vaLUE

101754 31,3517 480 43 24 - - - 10 122 -
16175k 31,760 34 52 22 - - - 12 114 -
101750 42.391 100 L] 33 - - - 12 124 -

o T ¢

161750 33,085 F 102 59 43 - - - 12 126 -
101824 179190 F 3 93 31 22 - - - ? 120 -

1018725 83,248 [
101820 134.484 u
1o182¢ 1864190

101840 iB6.994 b

L

168 ?& Gl - - - 13 136 -
134 - - - - - HC 134 -
587 284 143 42 34 - 13 131 -

poy

LR H

586 310 166 92 49 3 20 147 -
548 290 138 61 30 - 12 132 -
99 a3 21 - - - 7 138 -

10190A 1854101
10190R 135,492
10190C 158,501
101902 160,063

o L oon

™ T W W

121500 163,250 2 40 15 - - - - NC 130 -
10190E 164,251 2 60 59 - - - - NG 143 -

101914 165,826 80 49 18 - - - 15 145 -

_(:j} 101918 166,598  C
T 40191E 169,747 2 - - - - - NG 115 -

-
Od

1 3
101910 170,698 P d g9 19 - - - - NC 1295 -
101910 171,312 F 2 30 41 - - - - NC 134 -

81 8 20 - - - 136 -
60 16 14 - - - 4 131 -

o~

10200n 144,530
10200k 145,397
102002 149.803
10200C 151,997
102000 154,091
10200k 154,567

o

113 37 - - - - NC 142 -
488 266 132 67 29 - 13 146 -
484 263 144 74 40 - 17 149 -

(o ¥ o ¢+ BN o B> By =3
rY

LI &+

102054 22,025 F 3 o8 39 24 - - - 15 147 -

LOR0%s 23,5976 C
LOZOLR 27,435 g b 485 276 146 77 44 23 19 148 -

10210A 141.859 I é 1091 544 270 145 74 39 15 144 -
S 10Z10R 13241735 5 & 842 436 227 106 56 25 14 137 -
3 fozioc 132,701 5 ) a2 312 169 84 43 26 18 138 -
102100 135,593 ! 4 187 103 62 19 - - 13 112 -

T3

10210a 127,949
1id10E 141.1%9%

”(@) LU 10F 141,889

o T

550018 1t - - -
3 &4 32 12 - - -

o~

149 -
135 -

-
O
~I

i 102210 120,001 5 & 1416 Fu/ 604 37% 244 142 40 140




| JOB NI 2AHLY '
| (f? THRUT EH AROHALY FEAk  RESFONSE  AMFLITODES  (PPM)Y  TCP aLT HAGNETIC _
LIHE Fiptelint  TYFE  CHE CH1 CH2 CHJ CHa CHS CH6  (8) (M) FIRDUCIAL VALUE

- foueLn 171,455 P 3 G4 44 47 - - - 12139 -
10r2la 126,251 o
128,359 €

120,640 5 5 527 2E9 134 &7 14 - 15 143 -

140,993 5 & 787 428 230 116 &0 4 18 144 -

131,313 § & §94 488 259 128 72 41 18 145 -

TODU0N 100,874 5 4 799 411 206 103 5 19 15 126 -

102300 101,274 489 339 177 83 38 14 14 123 -

ty)
o

102318 106,354
102314 110,748
10231k 111,379

3 M
~ o~
Py o
i B3
i G
1
fae]
[
F
[ ]
=z
N
e
Ol
[ ]
P

1023%5a $e893 C
1023054 19.880 F 3 a9 34
JOZ3GH 20,300 F 3 98 3

;;~ 102404 89,010
N 102408 89,7348
102403 94,947

10340C 98,799
102400 99.497

107 47 21 - - - 7 131 -
68 23 - - - - NC 128 -

M| T,
- ry L

136 62 30 11 - - 10 142 -
445 231 103 43 20 - 11 144 -

3]
w

102504 764409 5 6 640 341 154 74 40 13 13 139 -
102508 /6,911 5 4687 345 172 76 40 16 14 127 -

I
o

! 102%1A 78,546 F 2 83 48 - - - - NC 156 -

10252A 894,122 1 50 - - ~ - - NG 131 -

| 10760A 63,515
3l 10260F 44,350

L2400 74,145
i 102600 75,417
‘ 107 E0E 76,110

3150 2448 12

b 1173 772 485 71 139 -
3 129 463 - -

3

)

? 135 -
110 42
641 317
b 781 409

- 144 -
70 33 17 14 127 -
100 56 21 15 147 -

0y TR T own
Doen = O
[0 B 2 = Ve IR 5

i

1

~d

2% B

i LOZ70R a2 b3y O & . 630 366 202 1086 60 29 1y 149 -
:&(;} 10270k 3340144 i 5 626 3460 1920 100, 50 18 16 149 -

= L0270 NERE: R b 2 &Y 25 - - - - NC 154 -




j JOR NOTR6HLY ’
"(T) IREFOT BN ANAHALY FEAR  RESFONSE  AMPLITUDES  (PPHM)Y TCP ALY MAGNETLC
k M FIUCIAL  TYFE CHS CH1 CHZ CH3 CHA CHS CH6  (8) (M) FIDUCIAL VALUE

Tozdin G201 1 a2 - - - - = HC 131 -

10780A 400691

F 3 183 100 48 - - - 10 140 -
1G2GOR P/ F 3 Pt 27 18 - - - 4 142 -
10.:80C 50,640 P P4 11e 48 - - - - NG 1446 -
1028060 G0 YD F R 7 81 A5 - - - 10 149 -
10230 ula&637 5 o 447 230 1oy 49 24 - 12 145 -

4 106 170 74 41 - - 11 149 -
723 415 224 118 62 34 19 147 -
) 773 412 221 112 a7 27 17 137 -

102908 20,888
102908 29,238
102900 29,680

w3 9w
o~

102924 38.919 1 49 - - - - - NC 1344 38,42 23

103034 20,287 ¥ 2 84 49 - - - - NC 1435

10305k 21,297 S b 719 380 i81 56 44 24 15 134 -

103050 21.604 § & g1d 452 222 112 a6 23 15 142 -
‘5;”} 103104 97,100 8 6 482 236 103 44 14 14 12 144 -

-
o~

10310k B7.492 787 396 194 86 42 19 14 145 -

103114 ?2.741 F
10511k 94,722 F
10311C 95.378 F

- - - - NC 147 -
- - - - NC 144
NC 142 -

30
30
41

£ p3 b

PS e M3
n -
i

[

i
H
t
i

105204 62,272 3 99 46 28 - - - 13 140 -
103208 62,899 P 2 43 15 - - - - NC 133 -
103200 48,451 F 2 s 15 - - . - NC 133 -
A 103294 84,511 P 83 29 - - - - NG -

: 1032%R 865,097 §
; 10322C 86,497 5

{2l = N o8]

141
853 444 204 92 42 19 13 142 -
620 292 143 b6 36 18 14 14%

! 103304 50,194 8 6 533 268 141 73 38 25 18 142 -
ki 10330k 50,631 5 6 1219 595 269 117 49 22 12 122 -
L 103314 51,944 P 3 108 L9 28 - - - 10 155 -
ﬁ(;) TOAAIER 58,489 p 2 44 20 - - - - NG 127 -
, 10321¢C 59,098 P 2 b7 $1 - - - - NG 134 -
; RESN( S9.325 4 9 55 30 25 - - 20135 -

TO4RE 5L 645 b 266 113 40 54 18 - 17 121 -




A0 HOTZEHLY

ANOMALY PEAK. RESFONSE  AMFLITURES  (FREMY  TCR  ALT HAGNET1C

m, THPUT Kb
{ff, CLNE  FIDUCLAL  TYFE  CHS  CHL  CH2  CH3  CHA  CHS  CHé (8) (M) FIDUCIAL VALUE

]

122

10

137

102400 41,285 2 4 2 50 £1 - -
1OIA0R 41,836 P 3 95 50 32 - - 14 130 -
10400 48,041 P 3 94 47 15 - - - & 147 -
1034067 49,1431 5 & 1295 427 275 115 51 200 11 120 -
10340F 49,547 5 6 760 463 199 108 50 58 21 134 -
A5G0 31,591 5 5 549 349 184 74 44 - 15 144 -
LOI50R $1.,981 4 & 1887 1107 S84 79 124 45 14 148 -
103514 13,455 g 3 80 48 24 - - - 11 161 -

10351 R 48,596 1 69 57 43 - - - 13 141 38,4 23
103510 38,95 5 162 125 71 37 22 - 19 140 -
103600 04,820 4 121 g2 51 58 - 54 142 -
! 103600 05,338 3 95 56 . 3% . - - 15 145 -
: 103600 29,849 g & 1762 1349 965 476 451 314 72 150 -
, 10360D 10,096 5. 4 2213 1648 1103 719 439 289 50 143 -
e@ijé 103460F 40,475 5 6 866 550 311 1u4 80 58 19 128 -
10365h 8,797 g 143 105 73 34 19 - 31 143 -
10365k 9,370 4 103 70 47 50 - - 49 149 -
163650 14,582 5 6 1454 1083 446 344 188 97 21 14y -
10365 14,995 s 3 609 341 192 88 19 15 15 147 -
103704 15,552 g 4 253 150 80 24 - - 11 147 -
103708 15,914 S 6 1337 990 694 471 323 233 47 145 -
10370C 14,317 5 6 1833 1266 812 510 31 222 4% 149 -
; 103714 17,994 F 2 59 21 - - - - NG 146 -
:J 10371R 20,476 P 2 61 30 - - - - NC 149 -
103710 21,468 4 154 89 49 23 - - 14 133 -
FOX7LD 21,881 5 184 126 8% 41 33 - 34 139 -
o 103800 10,354 5 6 924 494 482 323 221 159 b4 144 -
B 10380R 13,330 3 2 72 45 - - - - NG 142 -
= 103800 14,239 g 6 847 4046 413 270 177 123 57 149 -
{ 103800 14,811 g 6 779 BB2 421 289 209  16@ 79 148 -

ot it o A e e e . v M Ail4 et S p v W ke . N e Shm fm e D e e e e e e e e e Bt S o B ARG i et A A e S Gt e i Ny A S e e s it S M e e e T it e M e et e e ot o e S Nt e e s e o et e T e e




“rw’ FOSITION (INCHES)
X LINE NO, FIDUCIAL MaF X. y
19020 21,5 1 ~2.174 20,025
19020 21.9 1 ~0.,8%0 20,126
19020 20,6 1 1,059 20,376
19020 23,0 1 2,163 20,506
19020 - 23,4 1 3,205 20,628
19020 23,9 1 4,543 20,874
19020 24,6 1 4,202 21,005
19020 25,1 1 7,310 20,683
9020 25,7 1 8,427 20,653
19020 Db, 2 1 .958 20,430
15020 27,0 1 11,952 21, 9’u
19020 27,2 1 1¢.491 20,352
19020 7.5 1 13,511 22,807
18020 27.9 1 14,920 22,875
19620 28,3 1 16,209 22,959
19020 29,2 i 18,947 22,945
196020 29.8 1 20,782 22,797
19020 10,1 1 21,777 22,499
19020 30,64 1 23,351 22,151
19020 31,0 1 24,715 21,866
: 19020 31,6 1 26,555 21,019
— 19020 32.3 i 28,755 20,275
Qlwg 19020 32,7 1 29.943 19,732
e 19020 33,5 1 32,247 18,733
19010 11,0 1 31,785 4,210
19010 11,2 i 30,560 4,213
19010 11,5 1 29,805 4,164
15010 11.8 1 28,592 4,127
19010 12,3 t 27.878 4,185
19010 12.8 1 26,426 4,351
15010 13,1 1 25,386 4,456
19010 13,5 1 24,061 4,571
19510 14,0 1 27,461 4,481
19010 14,3 t 21,480 4,784
1w010 14,4 1 20,524 4,824
15 “10 149 i1 190‘.179 4,98
19010 15,5 1 17,434 4,702
19010 14,9 1 15,978 Av437
; 15010 16,1 1 14,889 4,386
5 15010 16,4 1 13,794 4,387
Lru19 14,7 1 12,766 4,507
K| 15010 L&,y 1 11.677 4,387
B 15010 17432 1 10,633 4,285
19010 : 1746 1 2,444 4,598
3 15010 17,9 1 8,362 4,870
L 15010 1.5 1 6,488 5,348
"‘(;) 15010 15,1 i 4,401 5,834
2 19010 19,4 1 3,446 4,090
|




'w_ , FOSTITION (INCHES)
( , Lite NO. FIDUCIAL Hak X y

14010 1¢.8 1 240199 Ay OuY
1vold 20,0 i 1.779 74071
17010 2045 1 0.799 B.314
1RO 20,8 1 0,136 7,049
17010 21.2 1 0001 16,222

29,358 24.848

29.487 24,082

10030 13t.1 i

10010 133, 4 1

G010 138.7 1 29.445 23,080
10010 139.4 1 29.682 20,027
10010 . 140.,4 1 29.844 i8.149
100190 141,2 { 36.110 15,793
10419 142.1 1 30,312 13,372
16010 142, 8 1 30.474 11.347
1

16010 1435, 0 30,526 10,852

e 10011 1431 1 29,2087 11,994
e 10511 143,75 1 26,386 10,800
1on11 194, 1 29,445 4,504

10011 145,00 1 29,417 7,158

10611 146, 5 1 29,790 5,281

10011 147,23 1 29,746 2,845

1 29,806 2,438

fo

29.815 24159

O 10011 147,48
A P00 147.9

29,049 24,887

10015 49,7 1
10015 G041 1 29,102 23,704
10015 “1.7 1 29,394 19,172
16015 5245 1 29,556 16,922
16015 3,1 1 29,458 15,504
16015 53,9 1 29,260 12,825
10015 54,7 1 29,093 11.703
o 16015 5%, 1 1 29,080 10,652
L 10015 5606 1 28,809 7.228
B 10015 572 1 28,817 5,985

29,172 1.864
29,114 24715
28,905 4,534
28,869 4,771

16036 1271
10020 1275
10020 128.8
16020 129.0°

[P W

10021 1291
10021 130.0
10021 130.,9
10021 . 13146
it Loo21 132,58
P 10021 133.7
“-(;) 10021 134,72
- 10021 134,7
i 10021 135,3
2 10071 13641

28.810 4,317
28.784 64452
28,747 7.680
28,445 ?.083
28,661 11,430
28,563 14.038
28,429 15.357
28,894 16,3559
28,734 18174

Lt T e T T

28,519 20,322
10621 174, 9 P804 22,491
16021 157.7 28,394 24,575




™ _ FOSITION (INCHES)
O LINE NO. FIDUCTIAL HAF X ¥

10030 115,9 1 27,580 25,096
10030 11641 1 27,596 24,547
10030 11740 1 27,802 22,455
10030 117.8 1 27,934 20,099
10030 118.3 1 28,091 18,542
10030 119,0 1 28,258 16,440
10030 119.5 1 24,353 15,340
10030 120, 4 1 27,758 14,178
10030 120.8 1 27,774 13,111
10030 121.7 1 27,814 11,099
10030 1221 1 27.798 9,950
10030 12246 1 27.814 8,655
10030 123.7 1 28,038 6,578
10030 125,2 1 28,187 4,708
10030 125.7 1 28,603 3.704
10039 126,1 1 28,575 2.656
10030 126.4 1 28,540 1.847
10040 105,0 1 27,290 1.510
10040 10%5,1 1 27,291 1,740
10040 105.5 1 27,200 2.578
10040 1064 1 27,242 4,043
10040 1048 1 27.242 4,639
10041 106.9 1 27,246 4,050
, 10041 107.6 1 27,058 5,629
J 10041 08,4 1 27,019 6.911
: 10041 109, 4 1 27,114 8,787
16041 109.9 1 27.265 10,133
10041 110,64 1 27.438 11,914
10041 111,0 1 27,405 13,005
10041 1115 1 27.410 14,271
10041 112,2 1 27.794 15,359
10041 112,9 1 27,487 16,974
10041 113.1 1 27.318 17.873
10041 113.8 1 27,198 19,439
3 10041 114.1 1 27,146 20,429
i 10041 115,0 1 27,219 23,056
1oodl 115.6 1 27.220 24,906
5 10050 v g 1 25,891 aE L1992
10050 ERUNG 1 25,010 24,989
10050 FEL T 1 26,124 22,247
_ 10050 G5, 3 1 FHeE7D 17,790
- 1GOS50 P49 1 26,327 15,109
e 050 ' 97 b 1 24,289 13,654
; 10050 78S ! 25,539 11,778
»é(;) LOO50 7.0 1 25, 071 10,564
10050 100,11 1 26,425 B,357
10050 PO 1 24,184 7,096

JRLIVINEY P27 i 2443 D061




(T) FOSTITION (INCHES)
e LINE MO, Flopucial HAF X Y

10050 10%,7 1 26.,d; 2.482

10060 80.8 1 25,902 1,893

10060 80,9 1 25,866 2,075

10060 81,4 1 2%, 651 251

10060 82,0 1 25,541 4,22

10060 B2.6 1 25,648 5,410

10060 BI.9 1 25,637 6,799

10060 ah.: 1 25,806 8,404

10060 B0 1 26,110 10,196

10060 B6. 6 1 26,362 11.510

10060 87.3 1 26,633 13,349

10060 88,1 1 27,213 14,900

10060 89.2 1 26,754 17,302

0 10060 89,6 1 “6 610 18,463
& 1060 - 90,1 1 5.852 19,975
10060 70.4 1 Lq.aﬁa 20,914

10060 91.0 1 25,495 22,359

10060 91.9 1 25,823 25,112

10065 42,2 1 24,234 7,056

10065 42,6 1 24,102 8,288

100465 42,2 1 23,968 10.056

10065 44,8 1 25.346 13,479

10065 45,2 1 25,387 14,413

LC06Y 45,6 | 25,354 15,310

16065 47,2 1 25,412 19.286

’ L0045 47,6 1 25,42 20,170
! 10065 48,6 1 25,590 22,280
10065 © 49,5 1 25,798 25,110

; 10070 b7 46 1 25,078 25,949
i 16070 A7WY 1 G082 25,342
1GO70 48,4 1 24,907 23,779

i 16079 49,2 1 4,763 21,676
2 15070 9.8 1 24,734 °0. 56
. L1070 7009 1 24,497 9,244
- 10070 71,4 1 24,662 16.669
i 10070 71,9 1 24,519 15,325
i S 10070 7205 1 24,753 13,879
10070 YENG 1 24,4698 12,644

oy 10070 73,3 1 24,714 11.868
. 10070 7E.9 1 23,943 11.001
10070 ) T4, 4 | 23,999 2,870
16670 6L 1 23,994 8,350

10020 7ée2 1 24,3457 6651

10070 76,5 1 24,541 4.040

16071 7647 1 24,541 2,024
10071 7744 1 24,874 7,757

10071 78,8 1 25,327 G+760




g POSITION (INCHES)
,!5?’ LINE NO. FIDUCTIAL MAP ¥ ¥
L 10071 79, 25,518 4,207
10071 80,1 i 25,843 2,138
10071 80,3 1 25,866 1,729
10075 59,4 1 24,699 12,504
; 10075 60,5 1 23,797 10,087
: 10075 61,1 1 23,445 8,445
f 10075 62,2 1 23, ,/4 6,523
10075 63,7 1 23,943 0,995
10074 64,4 1 25, 240 1,574
10074 66,5 1 24,929 4,599
10074 87,0 1 24,950 5, 433
10076 67,5 1 25,015 6,143
10077 68,1 1 24,439 6,738
10077 43,3 1 24,458 7,185
16077 43,7 1 24,715 8,204
10077 48,9 1 24,570 B. 435 -
10080 57,9 1 24,095 3,080
:‘(:) 16680 59,2 1 24,098 5,364
. 10080 59,9 1 24,002 6,383
10081 60,0 1 24,208 5,934
10081 60,3 1 23,942 6,762
10061 61,1 1 23,626 g,688
10081 41,7 1 23,426 10,487 _ _
10081 42, 1 23,941 11,629
10081 43,2 1 23,979 14,267
10081 43,9 1 24,043 15.502
10081 84,9 1 24,069 17,853
10061 45,4 1 23,949 16,775
10081 b4, 0 1 23,885 20,927
LooR1 065 1 23,900 27,688
10081 6743 1 24,134 25,242
10081 87,5 1 , 24,126 25,762
% 16090 44,1 1 DX, 638 25,0844
B 16050 : 44,6 1 DR, 407 24,411
10090 47,0 1 23,7234 22,945
o 10050 47,5 1 21,064 21,528
o 10090 48,1 1 22,671 20,3204
o 10050 _ 48,9 1 29,940 16,784
; 10090 50,1 1 23,107 16,541
S 10090 50,7 1 23,233 15,087 |
:U(;) 16090 51,3 1 23,444 14,024 |
16090 51,0 1 23,767 12,829
. 10090 57,3 1 23,354 11,45
o 16090 57,9 1 2%,037 10.013
16090 51,4 i 2%, 150 9,159
16070 G4, 1 22,049 7,384
16090 55, § 1 23,125 5, 354




‘TT’ FOSITION (INCHES)
A\ LINE NO. FIDUCIAL MAF X ¥
10090 56,8 1 23,569 3,079
10090 57,1 1 23,707 2,205
li
10100 34,1 1 ' 22,419 2,422
10100 35,5 1 22,486 4,748
10100 3h.6 1 22,586 6,448
10101 36,7 1 22,981 51495
10101 37,3 1 22,738 182
10101 3840 1 22,723 0.93°
10101 38,5 1 20,976 10,024
10102 38,6 1 22,595 8,304
10102 38.8 1 22,565 8,900
10102 40,1 1 22,492 11.874
10102 41.2 1 22,226 14,032
10102 42, 1 22,231 16,749
10102 43,5 o1 22,0256 19,070
10102 44,3 1 22,418 21,418
16102 44,7 1 22,489 22.731
10102 45,1 1 22,619 L0832
a 16102 45,6 1 22,790 25,615
f(:“) 10102 45,9 ) 201455 25,654
10110 25441 1 21,624 26,725
- 10110 254,2 1 21,624 26,455
o 10110 255,72 1 21,589 24,163
e 16110 256,0 1 21,481 21,864
10110 2571 1 21,333 19,688
» 10110 2586 1 21,242 - 16,831
L 16119 259, 3 1 21,414 15.398
16110 59,7 1 21,305 14,495
10110 261,0 1 21,399 11,103
10110 2417 1 21,309 7,225
101106 262.7 1 21,038 7,455
[
L LIRS 1 21,564 11.824
e 10111 1 21.833 9,993
_ [0itl 1 21,499 8,198
B terti 1 21,915 6.302
Ls 1ot 1 22,031 4,988
10111 1 22,247 2,702
E 16111 1 22,241 2,418
10120 C 243, 1 20,901 2,501
, 10120 24,2 i 90,848 . pss
‘ 10120 244,08 1 20.897 5,211
L012o ”1€.5 ] 20,901 4,330
19120 244 1 20.814 7,239
1oz 1 C381 9.171
10120 1 *1 474 11,251
10120 1 21,458 . 14,459
10120 1 21,328 15,354
10150 1 21,090 YA, 644




~ FOSITION (THCHES)
,(.) LiHE MO, FInucIal HAR ¥ ¥

21,043 19.114

10120 251,32 1
10120 ek 1 20.934 21,830
10120 1 20,897 24,213
10120 1 20,851 26,720
10120 1 20,839 26,978
10130 P31, 1 20,249 26,174
10130 2319 1 20,194 24,172
10130 233,72 1 20,174 21,920
10130 2345 1 20,094 19,071
10130 25,4 1 19,929 17,011
10130 236.7 1 19.778 13,999
10130 23746 1 19,510 11,671
10130 238,2 1 19,095 9,832
10130 239.3 1 18,549 74463
10130 240,4 1 18,923 5,362
10130 241.,9 1 19,842 2,564
10136 36,8 1 20,070 11,549 -
10136 37,4 1 20,159 10,228 ‘
10136 38.1 1 20,274 8.503
10136 18.8 1 19,995 74377
f(z:} 10136 394 1 20,093 6,469
s 10136 40.4 1 20,208 5,043
' 10134 41.2 1 20,122 3.517
10136 41,6 1 20,084 2,505
10140 220,3 1 18.633 2,585
10140 220, 4 1 18,663 2,879 -
10140 221.,9 1 18,930 5,366
10140 223.,2 1 18,864 6,853
10140 224,5 1 19,065 9,638
10140 225,3 1 19,114 11.887
10140 225,7 1 19,197 12,837
10140 226.,3 1 19,323 14,006
10140 228,2 1 19,495 17,903
10140 228,98 1 19,554 19,067
10140 229.8 1 19,528 21,992
o 10140 23044 1 19,454 24,081
L 10140 231,41 1 19,280 26,349
L _ :
10150 208,46 1 18,273 26,379
£ 10150 208,9 1 18,600 25,160
B 10150 209,64 1 18,635 23,402
10150 . 210.9 1 18,450 21,080
10150 211.8 1 16,422 20,046 i
i
10151 212.0 1 18.010 20,879
10151 212.8 1 18,102 18,354
10151 213.4 1 18,366 16,742
10151 214.,6 1 16,430 14,665
10151 215.3 1 18,403 13,155
10451 S 21640 1 18.276 11,546




'(f) FOSITION (INCHES)
% LINE NO, FINUCIAL MAF X Y

1ol 216.8 1 18,150 9,648

L0151 218, 1 g 17,810 6,935
10151 219, 4 { 17,890 2,896
10160 1980 { 17,823 1,061
10140 199,7 i 17,480 £,918
10160 2004 1 17,710 7,221
10160 2092 ,1 { 17,97¢ 10,110
16140 02,7 1 17,957 11,631
10160 203,7 i 18,067 13,581
10160 204,2 ] 18,063 14,401
10140 205,2 i 18,166 16,863
101460 205.,8 1 18,076 18,352
10140 2067 1 17,973 20,557
10160 207.8 1 17,751 23,487
10160 208, 3 1 17,681 25,193
10160 2085 1 17,608 25,758
10170 1876 1 16,962 25,243
10170 1880 ) 16,871 24,06
10170 189,0 1 17,049 21,908
10170 1903 i 17,190 20,634
A{::} 10170 191.,4 1 17,394 18,903
. 10170 192,0 { 17,264 17,227
10170 1931 1 17,035 14,788
10170 194,2 g 16,565 11,937
10170 195, 1 1 16,248 9,382
10170 1961 ) 15,806 6,698
10170 197,72 1 16,653 2,892
10175 29,1 1 16,891 14,509
10175 30,5 1 16,865 11,053
16175 31,2 1 16,800 9,304
10175 12,8 1 16,939 5,509
10175 33,7 ) 17,179 3,076
10182 177.5 { 16,506 2,816
10182 17946 1 15,683 6,790
| 10182 161,2 1 16,140 9,721
i 10182 182,0 1 16,314 11,661
B 10182 183.0 1 16,369 13,945
10182 197,9 g 16,262 16,366
B 10182 184,9 i 15,937 18,755
L 10182 185,7 g 16,058 20,624
10182 . 186.7 ! 5,954 23,122
10182 L 187.5 g 15,962 25,408
10190 154,9 i 15,726 25,919
10190 155, 6 1 15,382 23,488
! 10190 156,9 1 15,430 20,995
ti 10190 150,7 1 15,447 17,422
10190 159,5 1 15,316 16,115
10190 1601 1 15,933 14,801




™ FOSIVION (INCHES)
(v, LINE AL FTHICTAL MAF X Y

101249 tol.2

i 15,076 12,418
10190 161,9 1 14,870 10,869
10190 143,0 t 14,431 8,453
10190 16246 1 14.256 7,035
10190 164.4 1 14,198 4,737
16151 L85 .6 1 15,711 17.214
10191 166,0 1 15,550 16,219
10171 Thé b 1 15,627 14,708
10191 1676 t 15,557 12,239
10191 17044 1 15,043 6,241
10191 1720 1 16.264 2,852
N 10200 143,4 1 14,582 2,744
' 10200 144,27 1 14,954 4,375
- 16200 145,7 1 14,528 6.521
! 16200 1469 1 14,447 8,452
= 10200 147.5 1 14,450 2,937
10200 1491 1 14,745 13,364
L 10200 149.4 1 15,038 13,835
; 10200 149.8 1 15,409 14,643
10200 150.3 1 15,343 15,654
;(fj} 10200 150, 6 1 15,307 16,195
) - 10200 151.5 1 15,179 18,065
' ’ 10200 153.0 1 14,878 20,756
10200 154,1 1 14,470 23,819
107200 154.,5 1 14,425 24,892
10200 154.8 1 14,334 25,633
10205 21,5 1 15,205 9,849
16205 22,1 1 15,186 11,217

10205 22,6 1 15,204 12,442
, 10205 23,2 1 15,196 13,982
i 16205 23,9 1 15,094 15,467
’ 10205 2644 1 14,657 21,179
. 10205 27,3 1 14,631 23,378
P 10205 27.9 1 14,435 25.124
10210 131.7 1 14,070 25,930
[ 16210 12.8 1 13,883 23,134
Lk 16210 134.6 1 13,765 20,946
10210 13640 1 13,709 19,092
r 10210 137.8 1 13,703 15,340
B 10210 138.5 1 13,815 13,842
10210 . 139.3 1 13,857 12,083
10210 < 14041 1 13,729 10,711
10210 1407 1 13,563 7.246
10210 141,7 1 13,283 6,183
10210 1423 1 13,621 4,339
10210 1427 1 13,571 2,909
10021 1200 1 13,109 2,978

(T 10221 121.7 1 12,589 6,079




O

O

LIHE NO,

10N
1eE21
10221
10221
162
16221
16221
16221
10221
10221

10230
10230
10230

16231
10231
10231
106231
16231
10231
10211
16231
10231
1631
10231

15335
10235
10235
16235
10235
10235
10235
1003

10235

10240
16340
10240
10240
16240
103240
1¢440
10240
10240
10240
10240
10240
0240

JEVENTY

16230

FIDUCIAL

12546
126 .4
12741
128.6
12¢.2
130.3
130.9
131.4

100.3
101,35
162,7

103.5
103.9
104.4
1036
10&':’-’
107.0
107.5
10%7.0
10%.9
110.9
112.0

15,4
15,9
1444
1741
17.8
18,4
19,0
19,9

2141

87.8
£83.4
89.5
903
?ioé
3.4
94,7
3.8
P76
8.6
99,2
9.7
100.3

Thao
76,8

HAF

e

bt s R b s B b

= s
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FOSITION (INCHES)

10,520

X Y
13.062 9.170
13.288 11,319
13.282 13.306
13,451 15,188
13.422 16,507
13,281 19.626
13.242 20,876
13.139 22,620
12.%8% 24,068
12,925 264027
12,143 15,899
12,070 23,125
12.093 21,036
11,960 21.934
11;909 200763
12.094 19,342
12,155 16.487

12,322 15,539
12,642 13.900
12,501 12,981
11,453 16,820
11,438 4198
11,761 604135
11,894 3,358
12,293 16,353
12,250 15,252
12,107 14,103
12,016 12.674
12,132 11.457
12,103 10,428
12,084 8.824
11.846 be364
11.510 3,289
119239 30260
11.453 4,151
11,408 4,094
11.414 g8.002
11.340 9.793
11,322 2:504
11,239 14,517
11.070 16,319
11,393 194160
11,446 20.884
11,507 22,666
11.410 24,154
11.384 259.6%0
10.494 254193

24,243




O FOSITION (INCHES)
D LIME NO FluucIaL HAaF X 1

10250 TG 1 10,415 22,354
1o0H P64 1 10,6407 22,338
10251 79,9 1 10,534 18.804
S04 1 9,988 168,885
80,7 1 10.504 17,372
52,2 1 10,353 15,226
83,1 1 10,043 13,578
83,9 1 10,050 12,211
84,9 1 10.246 9,927
B&. O 1 10,338 64454
87,0 1 10,646 4,113
87,3 1 10,793 3,102
10260 63,5 1 10,205 2,767
10260 64,0 1 10,060 31,891
10260 6541 1 9,638 5,143
10260 66,4 1 $.679 74367
10260 L8, 9 1 9,454 11,922
10260 70,4 1 2,473 14.821
10260 71,5 1 9,479 14,746
(:i} 10260 2,2 1 2,513 17,944
) 102460 VAR 1 9,475 22,942
10760 75,7 1 9,851 24,050
. 10260 76,4 1 ?.787 25,763
‘ 10270 52,4 1 9,234 25,664 :
10270 53,2 1 8,995 23,374 +
10270 53,6 1 8,897 22,069
10271 54,6 1 9,343 21.950
10271 5603 1 9,027 17,630
: 10271 57,5 1 9,144 15,269
10271 59,4 1 9.271 11,613
> 10271 4046 1 8,990 9,317
- 10271 6146 1 9,127 7.067
- 10271 6243 1 9,153 5,184
- 10271 62,9 1 9,350 3,388
§ § 10271 56%,1 1 9,354 2,710
10280 40,1 1 8,726 3,211
B 10280 40,3 1 8.770 3,582
L 10280 41,7 1 B.661 5,352
10280 . 42,6 i 8.481 64555
10280 : 43,7 1 8,542 9,300
10280 45,0 1 8,382 11,096
10 80 46,7 1 8,402 14,209
0280 48,6 1 8,163 17.418
10230 49,7 1 8,194 19,459
10280 5142 1 §.323 22.330
10230 52,0 1 8,210 24,5
10280 52,3 1 8,258 LJ.607
1790 0.7 1 7,509 D4 504




. ' FOSITION (INCHES)
(T} LINE NO. FIDUCIAL MAF X Y

10290 29,0 1 7,494 25,635
10290 29,8 1 : 7.502 23,136
10290 30,9 1 7,505 20,793
10291 31,0 1 7,829 22,299
10291 31,6 i 7,490 20,383
10291 12, 1 7,586 19,062
10291 32,8 1 70764 17.731
10292 33,0 1 7,753 17,802
10292 C3EL 1 7,525 16,819
10292 34,9 1 7,519 14,419
10292 3647 1 7,480 11,298
16292 37,5 1 7,537 2,165
10292 38,3 1 7.638 4,758
10292 396 1 7.734 3,083
v 146305 12,4 1 7340 3,235
10205 13,6 ) 6,899 6,601
10305 14,4 1 4,930 9,074
10305 15,8 1 6,879 11.822
10305 1648 1 6606 13,948
10205 18,4 1 6,458 17.383
16205 19.6 1 4.380 20,254
10305 21,4 1 6,491 24,151
10305 21.8 i 6,594 25,474
10310 87,0 1 5,774 25,900
10310 8744 1 5,810 24,944
10310 47,8 1 5.798 23,672
10311 89.3 1 5,426 21,471
10311 89.7 1 5,413 19.818
10311 91,9 1 5,955 14,684
10311 92, 1 60121 12,478
10311 93,1 1 he116 11.572
10311 94,9 1 6,095 8,615
. 10311 ?6.5 1 5,822 4,486
L 101220 61,5 1 4,998 4,385
10320 6146 1 5,006 4,602
e 10320 44,3 1 5,454 10,245
Ly 10320 6544 1 5,491 11,583
10320 : 65,9 1 5,846 12,699
o 10320 : 66,9 1 5,950 14,681
Ly 10320 68,0 1 & 079 17.411
10320 69,1 1 5,631 20,218
¥ 10322 80,1 1 5,055 10,099
- 10322 80,7 1 5,234 11.588
10322 81.1 1 5,741 13,010
10322 82, 1 5,295 15,006
10322 83,2 1 5,126 17,610
10322 84,1 1 5,082 19,802




: gom ' FOSITION (INCHES)
(T) LINE NO. FInucIaL MAF X Y
10322 85,4 1 5,077 22,116
10322 86,6 1 4,834 25,515
10322 86,9 1 4,825 264150
10330 49,9 i 4,537 25,8648
10330 50,2 1 4,322 24,973
10320 51,3 1 4,051 21,778
10331 51.8 1 4,342 21,764
10331 52,6 1 4,046 19,242
10331 53,5 1 4,266 17,556
10331 55 4 1 4,715 14.224
10331 56,0 1 4,815 12,890
10311 566 1 4,927 11,581
10331 58,4 1 4,583 9,143
10311 59,7 1 4,142 5,584
10331 40,0 1 3,992 4,706
10340 40.8 1 3.731 5,138
10340 42,0 1 3,894 7,412
10340 42,6 1 3,863 8,692
10340 43,2 1 3,878 10,498
'(:i} 10240 4%.8 1 3,771 11,612
R 10340 48,4 1 3.26% 13.184
10340 45,7 1 2,258 14,752
} 10340 47.3 1 3,282 19,011
o 10340 48.8 1 3,542 22,692
= 10340 49, 1 3.443 24,459
10240 49.8 1 3,354 25,440
T 10350 30,9 1 2,434 25,988
10350 31.3 1 2.594 24,978
16351 3.8 1 2,594 23,377
v 10250 33,3 1 2,661 21,613
’ 10350 33,1 1 2.538 19,709
? 10351 33,49 1 2,313 21,333
; 10351 33,8 1 2,284 19.705
10351 34,8 1 2,795 16,970
10351 15,8 1 3,162 14,716
10351 36,5 1 3,430 13,087
10351 7.2 1 3,52 11.718
Iy 16351 37.6 1 3,594 10,572
L 10351 38,7 1 3,138 74656
- 10351 : 39,0 1 2,898 64490
s 10351 39,5 1 21 5,161
;,‘;) 10351 39,6 1 2,555 4,901
‘, 10360 23,7 1 2,400 5,068
. 10360 24,7 1 1,943 7.287
. 10360 26,0 1 1.587 11,530
10360 26,5 1 1,433 2,914
10360 2737 1 0,975 15.52
10360 28,1 1 0.881 14,270




LINE NG,
10360
10360
10360
103460
10340

10345
10365
103465
10365
10365
10365
103435
10365
103465
10365
103465

10370
10370
10370

16371
10371
10371
10371
16371
1¢371
10371
10371
16371
10371

103180
10280
10380
1380
153840
10180
10380
10380
10380

FIDUCTIAL

HAF

bt ek e ek

Py Y

R S SO ST N

FOSITION (INCHES)

0.774
1,278
1.398
1,402
1.749

1,934
1,883
1,938

2,257

2.210
2,021
2.007
2.037
1.898

774
10\_)...8

0,376
0.793
0,941
1,182
1,531
1 04?5
1,551
1,383
1.407
1,375

‘“00217
-0,008
0,190
0.341
0,229

~0.092

-0.034
-0.138
0,010

21.838
23.557
24,330

9:066

6,318

7! \.JA..9
10,923
12,403
14,9035
17,473
19.5351
21.315
23,602

24.5%1

24,53%
21,391
19.4697

19,447
18,051
16.828
15.:764
13,703
11,590
2,209
6,608
G342

5,035

941
10.289
11,411
13.003

4,924
16,412
17,633
21.136
23.902




B X A
BARRINGER/QUESTOR MARK VI INP TLBL—W

The INduced PUlse Transient (INPUT) method is a system
whereby measurements are made, in the time domain, of a secondary
electromagnetic field while the primary field is between pulses.
Currents are induced into the ground by means of a pulsed primary
electromagnetic field which is génerated from a transmitting loop
around the helicopter. By using half-sine wave current pulses
(Figure A~1l) and a transmitter loop of large turns-area, a high
signal-to-noise ratio and the high output power needed for deep
penetration, are achieved.

Induced current in a conductor produces a secondary
electromagnetic field which is detected and méasured atter the
termination of each primary pulsef Detection of the secondary
field is accomplished by means of a receiving coil, wound on an
air core form, mounted in a PCV plastic shell called a "bird" and
towed behind and below the helicopter on 76 metres (250 feet) of
coaxial cable. The received signal is‘processed and recorded by
equipment within the helicopter.

The axis of the receiving coil may be vertical or

horizontal relative to the flight direction. 1In rolling or hilly

terrain the standard or horizontal coil axis is preferred,

although in steep terrain, the vertical axis coil optimizes
couplihg with horizontal or dipping stratigraphy. The'secondary
field is in the form of a decaying voltage transient, measured in
time, at the termination of the primary transmitted pulse. The

amplitude of the transient is proportional to the amount of




measured in time, at the termination of the primary transmitted
pulse. The amplitude of the transient is proportional to the
amount of current induced into the conductor, the conductor
dimensions, conductivity and the depth beneath the aircraft,

The rate of decay of the transient is inversely proportional

to conductance. By sampling the decay curve at six different time
intervals and recording the amplitude of each sample, an estimate
of the relative conductance can be obtained. Transients due to
strong conductors such as sulphides and graphite, usually exhibit
long decay curves and are therefore commonly recorded on all six
channels. Sheet-like surface conductive materials, on the other
hand, have short decay curves and will normally only show a
response in the first two or three channels.

For homogeneous conditions, the transient decay will be
exponential and the time constant of decay is equal to the time
difference at two successive sampling points divided by the log

ratio of the amplitudes at this point.




TRANSMITTER SPECIFICATIONS

Pulse Répetition Rate

Pulse

Pulse Width

Off Time

Output Voltage

Output Current’ Peak

Output Current Average

Coil Area

Coil Turns

Electromagnetic Field Strength (peak)

INPUT BIONAL

TRANSMITTED PRIMARY PIHLD

180 per sec
Half sine
2.0 millisec
3.56 millisec
67 volts
200 amperes
46 amperes
177 m.% (1,904 £t.?)
7
247,800 amp—turn--meter2

Figure Al




A-4
RECEIVER SPECIFICATIONS

Sample Gate Windows (centre positions)

cH 1 340 secC
CH 2 540

CH 3 840

CH 4 1240

CH 5 1740

CH 6

2340
Sample Interval
Integration Time Constant

Bird Position behind Aircraft (at 40 kt)

Bird Position below Aircraft (at 40 kt)

Receiver features: - Power Monitor 50 or 60 Hz

Widths

200 secC

200

400

400

600

600
0.5 sec
1.3 sec

19 metres

73 metres

50 or 60 Hz and Harmonic Filter

VLF Rejection

Spheric Rejection (tweak) Filter

SAMPLING OF INPUT SIGNAL

vOoLTa

2340 -

2040

...... Channel widith

~——=— Chennei centres

Figure A2

2640

H sec




M) DATA ACOUISITION SYSTEM
Sonotek SDS 1200
"9 track 800 BPI ASCII

Includes time base Intervalométer, Fiducial System

CAMERA
Geocam 75 SF

35 mm continuous strip or frame ‘ i

TAPE DRIVE
Digidata Model 1139

~ OSCILLOSCOPE | |
. 3
Tektronix Model 305

ANALOG RECORDER
Honeywell Visicorder WS 4010

Kodak Light Sensitive Pape (15cm)

Q Recording 14 Channels: 50-60 Hz Monitor, 6 INPUT Channels,
fine and coarse Magnetics, Altimeter, vertical and horizontal

timing lines and fiducial markers.

| S

ALTIMETER
Sperry Radar Altimeter
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'The airborne magnetometer is a proton free precession
sensor, which operates on the principle of nuclear magnetic
resonance to produce a measurement of the total magnetic
intensitity. It has a sensitivity of 1 gamma and an operating
range of 20,000 gammas to 100,000 gammas. The sensor is a
solenoid type, oriented to optimize results in a low ambient
magnetic field. The sensor housing is mounted on the tip of the
nose boom supporting the INPUT transmitter cable loop. A 3-term
compensating coil and perma-alloy strips are adjusted to
counteract the effects of permanent and induced magnetic fields in
the aircraft.

Because of the high intensity electromagnetic field
produced by the INPUT transmitter,‘the magnetometer and INPUT
results are sampled on a time-share basis. The magnetometer head
is energized while the transmitter is on, but a measurement is
only obtained during a short period when the transmitter is off.
Using this technique, the sensor head is enefgized for 0.80
seconds and subsequently the precession frequency is recorded and
converted to gammas during the following 0.20 seconds when no

current pulses are induced into the transmitter coil.




HONEYWELL ANALOGUE CHART RECORDER

38mm TRACKING CAMERA

SONOTEK DATA SYSTEM

9 TRACK TAPE RECORDER

RADAR ALTIMETER
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MK VI INPUTRECEIVER

INPUT'DEQUIPMENT INSTALLATION

TOWED "BIRD" ASSEMBLY

QUESTOR/BARRINGER MARK VI “INPUT"*SYSTEM EQUIPMENT




Figure Bl
Manufacturer Bell Helicopter Company
Type 205A-1
Canadian Registration C-GLMC - present installation
Date of INPUT Installation May 1982

Modifications:
1) Cradle and wing booms for transmitter coil mounting
2) Camera and altimeter mounting
3) Modified gasoline driven generator system

Any BELL 205-212 airframe can support the QUESTOR Helicopter
INPUT system. The 205'is powered by one low maintenance turbine
engine. The configuration of the helicopter provides for easy
installation of equipment, which can be dissasembled and crated to
the survey base. Reassembly takes less than two days. These
factors have proven the helicopter to be a reliable and etticient
geophysical survey system in areas not suitable for fixed-wing

operation.




j APPENDIX C
I NE“I Sy&tgm ghﬂ[ le;ﬁx; l, §;i cS
a) Geometry
The INPUT system, a time domain airborne electromagnetic

system, has the transmitter loop located around the helicopter
airframe while the receiver, referred to as the 'bird’,
typically is towed 19 metres behind and 73 metres below the
helicopter at a survey airspeed of 40 knots. The actual spatial
position of the bird is dependent on the airspeed of the survey

helicopter, as can be seen in Figure Cl.
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b)

The Lag Factor

The bird's spatial position along with the time constant of
the system introduces a lag factor (Figure C2) or shift of the
response past the actual conductor axis in the direction of the
flight line. This is due to fiducial markers being generated
and imprinted on the film in real time and then merged with
E.M. data which has been delayed due to the two aforementibned
parameters, This lag factor necessitates that the receiver
response be normalized back to the helicopterfs position for
the map compilationrprocess..the lag factor can be calculated
by considering it in terms of time, plus the eiapsed distance
of the proposed shift and is given by:us the elapsed distance
of the proposed shift and is given by: o

Lag (seconds) = time constant +
ground speed (metres/sec)
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The time constant introduces a 1.3 second lag while, at an
aircraft velocity of 40 kt., the 'bird' lag is 1 second. The
total lag factor which is to be applied to the INPUT E.M. data at
40 kts. is 2.3 seconds. It must be noted that these two
parameters vary within a small range dependent on the helicopter
velocity, though they are applied as constants for consistency. As
such, the removal of this lag factor will not necessarily position
the anomalies in a straight line over the real conductor axis.

The offset of a conductor response peak is a function ot the
system and conductor geometry as well as conductivity.,

The magnetic data has a 1.0 second lag factor introduced
relative to the real time fiducial positions, This factor is
software controlled with the magnetic value recorded relative to
the leadihg edge {left end) of each step 'bar', for both the fine
and coarse scaies. For example, a magnetic value positioned at
fiducial 10.00 on the records would be shifted to fiducial 9.95
along the flight path.

A lag factor of 2 seconds (0.1 fiduciai) is introduced to
correct 50-60 Hz monitor for the effects of bird position and
signal processing. In cases where a 50-60 Hz signal is induced in
along formational conductor, a 50-60 Hz secondary electromagnetic
transient may be detected as much as 5 km. from the direct source
over the conductive horizon,

The altimeter data has no lag introduced as it is recorded

in real time relative to the fiducial markings.




c) Calibration

The major advance made during the transition from the INPUT
MK V to the INPUT MK VI has been the ability to calibrate the
equipment accurately and consistently. Field tests at
established test sites are carried out on an average of once
every 6 months to check the consistency of the INPUT
installations available from QUESTOR.
To calibrate the equipment for a survey operation the
following tests are used:
1) "ZERO" the digital and record background E,M. levels;
2) magnetometer scale calibrations;
3) altimeter calibration;
4) calibration of INPUT receiver gain;
5) aircraft compensation;
6) record backgrouﬁd E.M. levels at 600 m.;
7) survey flight;
8) record background E.M. levels at 600 m.
9) record full scale INPUT receiver gain;
10) record compensation drift;
11) terminate or repeat from step 4.

This sequence of tests may be repeated in midflight given
that the duration of the flight is sufficiently long.
Typically, this process is conducted every 2 hours of actual
flying time and at the termination of every flight.

The background levels are recorded and then used to
determine the drift that may occur in the E.M. channels during

the progression of a survey flight, If drift has occurred, the
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C-5

E.M. channels are brought back to a levelled position by use of
the linear interpolation technique during the data processing.

The primary electromagnetic field generated by the INPUT
system induces eddy currents in the frame of the helicopter.
This spurious secondary field is a significant source of noise
which needs to be taken account of before every survey flight
is initiated.

Compensation is the technique by which the effects of this
spurious secondary field are eliminated. A reference signal,
which is equal in amplitude and waveform but opposite in
polarity, is obtained from the primary field voltage in the
receiver coil and applied to each channel of the receiver. The
compensation signal is not a constant value due to coupling
differences induced by 'bird' motion relative to the aircraft.
The signal applied is proportional to the inverse cube of the
distance between the 'bird' and aircraft. Figure C3 displays

the effect of compensation.'

Typically, channel 5 is selected for compensation because

it is not affected by geological noise due to its sampling

location in the transient and then cdupling changes are induced
by precipitating 'bird' motion. Phase considerations of
channel 5,'relative to the remaining channels, dictates whether
sufficient compensation has been applied. If the remaining
channels are in-phase to channel 5 during this procedure, an
over-compensated situation is indicated, whereas, out-of-phase
would be indicative of an under-compensation case. Normally

this adjustment is carried out at an altitude of 600 metres in

et o S




order to eliminate the influence of external geological and

cultural conductors.
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The magnetometer, altimeter and INPUT receiver gain are
also calibrated at the initiation of every survey flight. With
the magnetometer, there are two scales, a coarse and a fine
scale. The fine scale indicates a 10 gamma change for a 1 cm.
change in amplitude (Figqure C2)., The coarse scale moves 2 mm,
(or 1 division) for a 100 gamma change with full scale,2 cm.,

indicating a 1000 gamma shift.
The altimeter (Figure C4), is calibrated to indicate 400
feet altitude at the seventh major division (7 cm.), read from

the bottom of the analog record. This is the nominal flying
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height of INPUT surveys, wherever relief and aircraft
performance are not limiting factors. The eighth major
division correlates with 300 feet while the sixth corresponds

with 500 feet in altitude.
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The INPUT receiver gain is expressed in parts per million
of the primary field amplitude at the receiver coil. At the
'bird', the primary field strength is 8.5 and 8 volts peak-
to-peak, for the vertical and horizontal axis coils respect-
ively or 4.2 and 4.0 volts peak amplitude. The calibration
signal introduced at the input stage of the receiver is 4.0 mV.
Expressed in parts- per-million, this induces a change of:

i~x_l%:%~x,196 = 1,000 ppm (vertical coil)

These calibration signals (Figure C5) cause an 8 cm.

deflection of all 6 traces which translates to a sensitivity of

125 ppm/cm. for the vertical axis receiver coil system.
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with the chart speed increased from the normal 0.25 cm.
to 2.5 cm. per second, the .time constant of the system (Figure
C6), can be obtained by analysis of the exponential rise of the
calibration signal for all 6 traces. The time constant, is
defined as the time for the calibrated voltage to build up or
decay to 63.2% of its final of initial value. A longer time
constant reduces background noise but also has the effect of
reducing the amplitude of thg signal, especially for near

surface responses,
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tance of selecting an
Experience and years of

impor

.

This trade-off indicates the
optimum value for the time constant.

e

testing have indicated that a time constant of 1.3 second does

‘not impede

f bedrock source conductors.
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dj Depth Penetration Capabilities
There are many factors which effect the depth of
penetration. These factors consist of:
1) altitude of the helicopter above the ground;
2) conductivity contrast between conductor and host rock;
3) size and attitude of conductor;
4) type and conductivity of overburden present,
0f these factors, only the first’parameter can be

controlled, Typically, a survey altithde'of 120 metres (400
feet) or less above the terrain is maintained. At this height,

the helicopter INPUT MARK VI system has responded to conductors

located at a depth of 200 metres (650 feet) below the surface.
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APPENDIX D
INPUT Data Processing

The QUESTOR designed and implemented computer software

routines for automatic interactive compilation and presentation,

may be applied to all QUESTOR INPUT Systems. The software is

compatible with the fixed-wing MARK VI INPUT, and the helicopter

MARK VI INPUT. The procedures are all common, however, separate

subroutines are accessed which contain the unique parameters to

each system. Although -many of the routines are standard data

manipulations such as error detection, editing and levélling,

several innovative routines are also optionally available for the

reduction of INPUT data. The flow chart on the following page

(Figure D1) illustrates some of the possibilities. Software and

procedures are constantly under review to take advantage of new

developments and to solve interpretational problems.

a)

INPUT Data Entry and Verification

During the data entry stage, the digital data range is
compared to the analog records and film. The raw data may be
viewed on a high-resolution video graphics screen at any
desirable scale. This technique is especially helpful in the
identification of background level drift and instrument

problems.

Levelling Electromagnetic Data
Instrument drift, recognized by viewing compressed data

from several hours of survey flying, is corrected by an
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c)

d)

interactive levelling program. Although only two or three
calibration sequences are normally recorded, the QUESTOR
technique permits the use of multiple non-anomalous background
recordings to divide a possible problematic situation into
segments. All 6 INPUT channels are levelled simultaneodsly,
yet independently. The sensitivity of the levelling process is
normally better than 10 ppm on data with a peak-to-peak noise

level of 30 ppm.

Data Enhancement

Normal INPUT processing does not include the filtering of
electromagnetic data. The residual high frequency variations
often apparent on analog INPUT data, is due almost wholly-to
"spherics", atmospheric static discharges. In conductive
ehvironments, spherics are apparently grounded and etfectively
filtered. 1In resistive environments, frequency spectrum
analysis and subsequent FFT (Fast Fourier Transform) filters

have been applied to data to reduce the noise envelope.

Selection of EM Anomalies

The levelled data may be viewed sequentially on a graphics
screen for the selection of.INPUT anomalies. Anomalies are
selected by aligning a cursor to the position of the peaks.
Some of the parameters of the response are manually entered
during the picking of the response. These include the number
of channels above background levels and the type of anomaly,

e.g. cultural, bedrock, surficial, up-dip, etc.
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INPUT INTERPRETATION PROCEDURES

The INPUT system is dependent upon a definite resistivity
contrast and is most suitable for highly conductive massive
sulphides., Differentiation is possible between flat-lying
surficial conductors and bedrock conductors.

The selection of anomalies is based on their
characteristics and interpretation is sometimes enhahced by
analyzing the magnetics. Spherics, due to atmospheric static
discharges and lightning storms, are distinguishable from
conductive anomalies. In the analysis of each conductor anomaly,
the following parameters may be considered: anomaly shape with
the conductor pattern, topography, corresponding magnetic
features, anomaly decay rate, the number of channels atfected,
geological environment and strike direction and the interpreted
dip relative to structural features.

For each anomaly selected, the following are recorded:
location by fiducial, channel amplitudes in parts per million,
number bf channels, conductivity-thickness in siemens,
corresponding magnetic association in gammas, magnetic fiducial
location altitude of aircraft above ground in metres and also, the
origin of the response (ie. surficial, bedrock, cultural).

Conductive responses are categorized into three main
groups. These are bedrock, surficial and cultural.

Bedrock conductors can be sorted into conductive sources

which are commonly encountered on INPUT surveys: massive




sulphides, graphites, serpentinized peridotites and fault or shear
zones. Magnetite and manganese concentrations may also yield
INPUT responses in some circumstances. INPUT responses over
alkalic intrusives and weathered basic volcanics have been well

documented by Macnae (1979) and Palacky (1979).

i Sulphid

Massive sulphides occur as both syngénetic and stratified
deposits and as vein infilling deposits. Nickel deposits often
occur as magmatic injections of massive sulphides. Kuroko-type
syngenetic copper-zinc massive sulphides usually occur at an
interface of felsic intermediate rocks. 1In this environment,
there are seldom any significant formations of carbonaceous
sediments on the same horizon. Often, these deposits are overlain
by a silicious zone which may contain stingers of continuous
sulphides, which change to disseminated sulphides away from the
main deposit. These often give a deposit the,appearance of a long
scrike-length zone which may not fit the explorationist's target
model. A careful analysis of conductivities and apparent widths
(half-peak-width), will often reveal the geometry and source.
Syngenetic deposits of base metal sulphides of up to 2 km strike
length are not unknown, although most sizeable deposits have
strike lengths between 500 and 1000 m.

The conductivity of most massive 5u1phide deposits may be
attributed to the pyrrhotite and chalcopyrite content, as both

minerals form elongated interconnected masses which are most
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- amenable to the induction of electromagnetic secondary fields.

Pyrite normally forms cubic crystals which must be interconnected
electrically in order to produce a response. Massive pyrite often
produces only a moderate response which may be ditficult to
distinguish from graphite. The in-situ conductivity of massive
sulphides, although very high for individual crystals, often falls
in the range of 5 to 20 S/m,

Sulphide conductive zones are rare in nature; economic
sulphides are even more scatcé. Long formational sulphide zones
are known, but are not common. More often, sulphide
concentrations may occur within formational graphitic zones.

The geometry of many syngenetic and injected sulphide
deposits may fall within broad classifications of size,
conductivity and magnetization but most of these bodies are
anomalous within their local geological environment. There are
often changesvin dip, conductivity, thickness and magnetization
with respect to the regional environment. There are no rules
which apply universally to massive sulphide deposits. One
observation which has consistently applied to sulphide deposits is
that INPUT responses (amplitude and conductivity) are roughly
proportional to mineral content.

The INPUT system is capable of detecting disseminated
sulphides within zones of resistivity changes. These may have low
conductivities and responses will normally be restricted to
channels 1 through 4. The response amplitudes will vary with the
horizontal and vertical extent of the zone. Gold deposits otten

fall within this response classification.




is normally straightforward.

~individual horizons.

The magnetic response of a sulphide deposit is the most
deceiving information available to the explorationist. Althbugh
many large economic deposits have a strong direct magnetic
association, some of the largest base metal deposits have no
magnetic association. An isolated magnetic anomaly caused by
oxidation conditions at a volcanic vent flanking a conductor, may
have more significance than a body,which has a uniform magnetic
anomaly along its strike length. Differing geochemical
environments often results in the zoning of minerals so that
non-homogeneous conductivities and magnetic responses may be

favourable parameters.

: hitic Carl conduct
Carbonaceous sediments are usually found within the
sedimentary facies of Precambrian and Proterozoic greenstone
belts. These represent a low energy, sedimentary environment with
good bedding planes and little or no structural deformation.
Graphites are often located in basins of the sub-aqueous
environment, producing the same body shape asvsulphide
concentrations. Most often however, they form long, homogeneous
planar sequences. These may have thicknesses from a metre to

hundreds of metres. The recognition of graphites in this Setting

Conductivities and apparent widths may be very consistent

along strike. Strike lengths of tens of kilometres are common for
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The conductivity of a graphite unit is a function ot two

variables:
a) the quality and quantity of the graphite and
b) the presence of pyrrhotite as an accessory conductive mineral

Pyrite is the most common sulphide mineral which occurs
within carbonaceous beds. It does not contribute significantly to
the overall conductivity as it will normally be found as
disseminated crystals. Greenschist facies metamorphosis will
often be sufficient to convert carbonaceous sediments to graphitic
beds. Likewise, pyrite will often be transformed to pyrrhotite.

Without pyrrhoﬁite, most graphitic conductors have less
than 20 S conductivity-thickness value as detected by the INPUT
system or 1 to 10 S/m conductivity from ground geophysical
measurements. With pyrrhotite content, there may be little
difference from sulphide conductors.

It is not unusual to find local concentrations of sulphides
within graphitic sediments. These may be recognized by local
increases in apparent width, conductivity or as a conductor otfset
from the main linear trends.

Graphite has also been noted in fault and shear zones which

may cross geological formations at oblique angles.

iniz idoti

Serpentinized peridotites are very distinguishable from
other anomalies. Their conductivity is low and is caused
partially by magnetite. They have a fast decay rates, large

amplitudes and strong magnetic correlation.




Magnetite

INPUT anomalies over massive magnetites correlate to the
total Fe content. Below 25-30% Fe, little or no response is
obtained., However, as the Fe percentage increses, strong
anomalies result with a distinquished rate of decay that usually
is more pronounced than those for maésive sulphides.

Contact zones are often predicted when anomaly trends
coincide with lines of maximum gradient along a flanking magnetic

anomaly.

ficial Conduc!
Surficial conductors are characterized by fast decay rates
and usually have a conductivity-thickness of 1-5 siemens. These
values will be much higher in saline conditions. Overburden
responses are broad, more so than bedrock conductors. Anomalies
due to surficial conductivity are not deﬁendent on flight
direction. 1In profile form, surficial responses are symmetrical
from line-~to-line with the Helicopter INPUT system, and are
characterized by a single response rather than a double peak for
dipping and vertical conductors., Conductive deposits such as clay

beds, may lie in valleys which can be checked on the altimeter

trace and with the base maps topography.

Cultural Conductors
Cultural conductors are identifiable by examining the power
line monitor and the film to locate railway tracks, power lines,

buidings, fences or pipe lines. Power lines produce INPUT
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anomalies of high conductivity that are similar to bedrock
responses. The strength of cultural anomalies is dependent on the
grounding of the source. INPUT anomalies usually lag the power
line monitor by 1 second, which should be consistent from
line-to~-line. 1If this distance between the INPUT response and the
power line monitor differs between lines, then there is the
possibility of an additional conductor present. Tﬂe amplitude and
conductivity~thickness of anomalies should be relatively ‘

consistent from line~to-line.
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APRENDIX F
To the interpreter, one of the main advantages of the INPUT
system geometry is the variation of the secondary response with
s conductor shape, size, depth and conductivity (Palacky 1976, 1977).
When we discuss the recognition parameters, one of the
variables which is often omitted, is the plotting position of the
main ‘peaks in opposite flight directions on adjacent lines. In
many cases, the responses may appear similar, but the“plottipg
positions will show significant differences. These situations will
be illustrated in the follcwing section.
A third conductor identification factor is the INPUT decay
transient for the main response peak. The decays may be used to
identify the type of source, independent of the geometrical

response which is dependent on the mutual coupling.

fadel and Physical Conductors

Economic conductive mineral deposits have no unique feature
which would make their identification a straightforward process,
Moct ore bodies do have conductivity contrasts and at least one
dimension which is significantly small. A conductivity contrast is
necessary to overcome the "skin depth" attenuation effects of
conductive overburden or lateritic soils on the primary
electromagnetic field (West and Macnae 1982). The recognition of
dipping conductors is possible, mainly due to the double peaks

encountered in an updip flight direction (Figure Fl). A horizontal

i

mineral deposit is potentially the most difficult to select because

the horizontal sheet model also applies to conductive overburden

and lateritic soils. The theoretical shapes may be matched to

physical-geological situations as has been done in the following

summary:

é) THIN DIPPING SHEET OR PLATE:

economic - stratiform tabular ore body, dyke, vein,

fault, fracture mineralization; -

non economic - graphitic-carbonaceous shales, barren sulphides

cultural - some grounded power lines, fences

b) SPHERE. ~ CYLINDER:

economic =~ compact massive orebody; horizontal pipe-shaped

cultural -

conductor

some pipelines

¢) HORIZONTAL SHEET:

economic ~

non economic -

some stratabound maésive sulphides
overburden, ‘lateritic soils
weathered rock

sea water or saline formations

graphitic metasediments




4)

e)

VERTICAL STRIP (RIBBON)
ecornomic
and
non economic ~ rarely encountered in nature
cultural - grounded hydro lines, lightning arrestor lines,
fences
HORIZONTAL STRIP (RIBBON}
economic ~ some stratabound massive sulphides
non economic - some syngenetic mineral deposits
geoiogical - weathering of narrow basic rock units with a high
anphibolite content

cultural - grounded and interconnected fences, pipes

THE THIN DIPPING PLATE RESPONSE
FLIGHT DIRECTION

UPDIP DOWNDIP
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The interpreted conductor axis location varies with the
source dip, conductivity, depth, thickness, depth extent and angle
of intersection of the flight line to the conductor {strike

direction).
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THE SPHERE OR CYLINDER RESPONSE

REVERSE FLIGHT DIREGTION
-
\\_*}

FLIGHT DIRECTION

ANOMALY MAP PRESENTATION

Y

A

Y

A

The response of a cylinder may be quite difficult to
recognize from a thin strip. A cylinder or spherical model does
rnot show. a proncunced negative or upward peak following the main
response. Due to the effect of the time constant of the INPUT
receiver, the negative peaks which follow the theoretical response
¢o not appear on the INPUT records (Mallick 1972, Morrison et al
1973}, As the illustrations show, the sphere-cylinder response is
rerfectly symmetrical, but not centered over the body. The
rletting position of the main peak leads the actual axis location
‘vecause the most favourable mutual coupling occurs just before the
transmitter coil passes the conductive body. Thebamplitude of the
responses will b2 similar in both flight directions for a perfect

cylinder.

THE HORIZONTAL SHEET

FLIGHT DIRECTION REVERSE FLIGHT DIREGTION

&
o N0

ANOMALY MAP PRESENTATION

Y

The horizontal conducting sheet has many variations but it
is essentially simple to recognize. fhe amplitudes of the earlier
channels may reach 30,000 ppm where saline solutions are present,
however, horizontal sheet responses of channels 4, 5 and 6
attenuate, much faster than for a vertical or steeply dipping
plate.

The edge effect is a common interpretational problem where
the conductive layer has low resistivities., & secondary peak may
occur ‘as the receiver coil crosses the far sheet edge. These

responses are always very sharp and often have very high apparent

- conductivities,
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The edges of the sheet are positioned approximately at the
half-peak width positions which are ﬁsuaily the inflection points
,"of the profile.

The variations in plotting positions observed for dipping
sheets are not as evident for the plate.

It is not unusuval to see a shift in the peaks, with the
latter channels migrating towards a section of improved conductance
andfor increasing thickness. Another characteristic of poorly
cenducting sheets which respond only on channels 1 through ‘4 is the
irversion of responses on chénnels 5 and 6. This is a reactioﬁ of
the compensation circuits to changes in the primary field in the
presence of a strong conductor and it serves no practical end
except as a recognition aid. k

The horizontal sheet model also applies to residual soils or
laterite as well as conducting rock units. As the thin overburden

. situation changes to a thick overburden or two layer case and
“firnally to a half space or a uniformly conductive earth, the
responses also vary. The latter cases will have progressively
broacder responses which would seldom be mistaken for true discrete
corductive zones.

" When flight lines in opposite directions cross a conductive
sheet, an asymmetric mirror image response occurs when the sheet is
unifoerm. - If there are variations in the geometry or conductance

“across the sheet, it may be necessary to compare responses with a
shzllow cipping sheet conductor to determine the effects, which

~would not be similar when compared with adjacent lines.

THE HORIZONTAL STRIP (RIBBON) RESPONSE

FLIGHT DIRECTION REVERSE FLIGHT DIRECTION
e

B

\/

ANOMALY MAP PRESENTATION

Y

A

4

A

The plotting positions of the responses could easily be
mistaken for a vertical plate conductor, however, careful
consideration must be given to the line direction. The horizontal
ribbon is a degeneration of the horizontal conducting sheet. It
can.be easily distinguished from a sphere or cylindrical body by
its peak asymmetry, whereas the sphere model has a single symmetric

main response.
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THE VERTICAL STRIP (RIBBON) RESPONSE

FLIGHT DIRECTION : . REVERSE FLIGHT DIRECTION .
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ANOMALY MAP PRESENTATION
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Due to the fact that this type of response is most commonly
caused by fences, lightning protection lines and grounded power
lines, the customary cultural presentation is a équare symbol.
This cultural response symbol may or may not have a power monitor
{50-60 cycle) response but these will normally follow pipelines,
fences, power lines,'roads, railroads and other man made
structures. The amplitude and apparent conductivity of such
responses varies with the ground conductivity. In residual soils
or conductive overburden, it is often possible to see a positive
{up-dip type) peak £6llowed by a small negative immediately before
- the main conductive response. The presence and amplitudes of such
responses is normally very consistent. The cause of such responses
is interpreted to be current gathering within the surficial

sediments (West and Macnae 1982).

APPENDIX G

; itative I .

The quantitative interpretation of the INPUT data is
normally accomplished by comparing the resultant responses with
type curves obtained from theoretical calculations, scale model
studies and actual field measurements. A variety of results are
available in literature for different conductor geometries'and
system configurations (see Ghosh 1972, Palacky 1974, Becker ét al.,
1972, Lodha 1977, Ramani 1980). They also examined the effects of
varying such parameters as conductance, conductor depth, dip and ‘
depth extent. Theif approach has been successfully applied in
interpretation of past field surveys. '

The nomogrzns which are currently available for the INPUT
system are the Vertical Half-Plane, Homégeneous Half-8pace, Thin
bverburden and 135 Dipping Half-Plane'nomograms. The first is
particularly useful for the interpretation of vertical dyke-like-
conductors frequently found in the Precambrian Shield type
environments. In the case of .a thick, hompgeneous, flat-lying
(less than 30 dip) source, the Homogeneous Half-Space ncmogram
should be apﬁlied. While in a thin overburden or tropically
weathered rock environment, the Thin Overburden. nomogram may be

referenced to determine the depth and conductance of the overburden

'(Palacky and Kadekaru, 1979).

As an example, INPUT anomalies due to vertical dyke-like
confuctors, are asymmetiic and independent of the flight direction.

Their shape is characterized by a minor first peak and a major




second peak and their channel amplitudes are a function of the

conductivity-thickness product and depth of the source. Anomaly A

-

n Figure Gl illustrates one of these responses.

The channel amplitudes of anomaly A can be used in
qudntitative intefpretation in the following way. Their values are
plotted for each of the six channels on logarithmic (5 cycles K+E
46 ©213) tracing paper in a straight line using the vertical
legarithmic scale in parts per million as given on the right side
of Figure G2. The six channel amplitudes for amomaly A, in ppm,
are 340, 540, 390, 280, 180, 120, respectively. The amplitudes are
measured in ppm (lmm ~ 30 ppm) from the flight records with
reference to the normal background levels on respective channelé.
Those responses which are not at least three channels or whose
first channel amplitude is less than 2 mm or 60 ppm over the normal
backcround should be discarded in the present analysis. The six
points on the semi~logarithmic paper are then fitted to the curves
of the vertical half-plane nomégram (Figure G2) without any
totation., Having accomplished this, the lateral placement of the
plot indicates the apparent conductivity-thickness value, in
siemens, and the position of the 10,000 ppm line on the logarithmic
paper indicates the conductor depth, in metres. 1In the éxample ‘
shewn (Fiéu:e G2), the apparent conductivity~thickness value is 31
siemens and the depth is 46 metres.

The asymmetric Tx-Rx configuration is very sensitive to
changes of dip, particularly in the case of conductors dipping
against the flight direction.  In this circumstance, there is a

change in the magnitude of the second/first peak ratio for all
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;hannels. The ratio of the amplitude§ of the two peaks is a
function of dip. The dip should be the first parameter determined
in the quantitative interpretation of a dipping conductor. Before
the amplitude is further used for an estimate of conductivity-
- thickness and depth, it must be normalized to a dip of 90°. This
correction is performed by means of the Thin Plate ﬁip Estimation
kand Amplitude Normalization Graph, Figure G3.

From the graph, it can be seen that a vertical dyke
corductor should have a second/first peak ratiéiof approximately 6,
i.e., that the first peek will have 16% of the amplitude of the
second peak.  In the case of anomaly A, this condition is true.

» Conversely, should the dyke dip at-60°, the ratio will decrease to
1.0, Thus, the dip of a conductor can be estimated from the peak
ratios of channel two by using the graph in Figure G3.

An example of amplitude correction determihation is shown in
Figufe G3. A dipping conductor has an up-dip second-first peak
fatio of 1.0 i.e,, that the channel amplitudes of the minor first
peak -and major second peak of channel two are equal.  Taking this
ratio of 1.0 and applying the graph, we obtain a dip of 60° for the
conductor and an amplitude correction of approximately 1.62.
Censequently, the correction factor is applied to the six channel
amplitudes of the associative down-dip response. This response is
then fitted to the vertical half-plane nomogram for the
deﬁezmination of its apparent conductivity-thickness value and
depth, . It should be mentioned tﬁat w}thout the dip correction, the

depth would be overestimated.

|
|
|

An alternate method for estimating the dips of longer,
tabular conductors, utilizes the peak amplitudes on adjacent lines,
see Figure G4. It is especially useful in multiple conductive
zones where the up-dip résponses may be obscured or yield false
values due to the superposition of other nearbykanomalies.

Note that the depth determination is made with the
assumption that the aircraft is at 120 metres above the ground
surface at the time of measurement. If the aircraft is above or
below the altitude of 120 metres, the depth determination can be
corrected by respectively, subtracting or adding the difference in
altitude, within limits,

Th2 homogeneous half-space, thin overburden and the dipping

half-plane 135° nomograms are used in the same fashion as that

- described above for the vertical half-plane.

To estimate the apparent strike length of a conductor, the
ends of the conductive trend must be determined., Modelling has
shown that the conductor ends are delineated by INPUT responses
having channel amplitudes not less than 40% of those typical for
the coﬁductor. Responses with less than that of 40% are
attributive to lateral coupling effects and are not considered as
intercepts of the conductor. This is especially true for
conductors of higher conductivity. Subsequently, the strike length
of a conductor is equal to the distance between those responses

representing the 2nds of the conductor.
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