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iii. 

SUMMARY 

The r ·esults of multifrequency a irborne electromagnetic 

surveys can be interpreted to yield a terrain map 

which faithfully reflects the surficial geology. 

This report presents a method for doing so, in an 

automatic fashion, on a digital computer. Although 

the present material refers specifically to the 

data obtained with the Scintrex TRIDEM AEM system 

it is expected that the concepts described here will 

be applicable to the interpretation of other frequency 

domain AEM data. The interpretation method presented 

here, first of all includes the application of an 

altitude correction to the survey data. It then 

translates the three-frequency secondary field data 

into an apparent conductance and/or conductivity of 

the overburden. 



l - INTRODUCTION 

\ 
\ 
' 

1. 

The Geological Survey of Canada has actively pursued the 

evaluation of the usefulness of airborne electromagnetic systems 

for the purpose of mapping surficial geology since 1963. The 

earliest studies (Collett, 1966) were aimed at an appraisal of 

R 
the INPUT system with respect to aquifer detection. Although 

the results were but of a qualitative nature, they were sufficiently 

R 
encouraging . that the study was continued with an INPUT survey of 

the Ottawa region i~ 1967. The data obtained here was quantitatively 

interpreted by Dyck, Becker and Collett and the techniques for doing 

this were published (Dyck et al., 1974). 

This work is a continuation of the same programs. The 

system under present consideration however, is the Scintrex TRIDEM. 

This three frequency (500 Hz, 2000 Hz, 8000 Hz) coplanar, inphase-

quadrature, fixed wing (17.3 meter coil separation) installation is 

described by Bosschart and Seigel (1974) and in the Scintrex report 

attached here as Appendix I. In order to appraise this system the 

Geological Survey of Canada contracted with Scintrex for the survey 

of. a large area near Timmins, Ont. and of a smaller area southeast 

of Hawkesbury, Ont. near the town of Alfred (Figure 1). A preliminary 

report on the interpretation of the Timmins data was published by 

Sinha (1976). This report consequently only deals with the 

interpretation of the Alfred data. 
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2 - THE SURVEY AREA 

The geology of the survey area wa s mapped by Wilson (1946). 

The bedrock consists of lime stones of the Trenton, Chazy and Beekman

town formations typical of eastern Ontario. It is overlain by bog 

deposits, glacial tills, sands, and, marine clays of varying thickness 

(Gwyn and Thibault, 1975, 1973). Ground control was provided by a 

number of DC resistivity soundings (Andrieux, 1968) and a very 

limited seismic survey (St-Hilnire, 1976). The location of the 

control stations is superimposed on the TRID~1 flight line map 

shown in Figure 2. The ground control data indicates a rough 

bedrock topography which is covered by the surficial deposits. 

Electrically, there appear to be three distinct layers. The dominant 

of these is the highly conductive Champlain Sea clay whose thickness 

ranges from zero to nearly 100 meters. It reposes on a highly 

resistive bedrock and is overlain by a relatively thin (1 - 10 m) 

cover of glacial drift which is again much nore resistive. 

As shown in Figure 2, a total of sooe 250 line kilometers 

of 3 frequency TRIDEM data were obtained by Scintrex in 1974 in the 

survey area. This data was submitted, in digital form to NERI for 

interpretation, early in 1975. The line spacing was of the order 

of 400 meters while the nominal survey altitude was 53 meters or 

175 feet. 
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3 - DATA PROC ESSrnG 

Typical original survey data which was submitted to MERI 

is shown in Figure 3. Upon receipt it was corrected for excessive 

zero drift, hi gh frequency and altitude variations. A typica l 

corrected data set is shmm in Figure 4. Finally, as shown in 

Figure 5, for the purposes of interpretation
1

the data set was 

converted from an inphase-quadrature presentation to an amplitude

phase presentation. The details of the filtering and data correction 

procedures are given in the Ins titute's Report Number 1 which is 

enclosed here as Appendix 2. The original and corrected data sets 

are attached to this report in Appendices 3, 4 and 5 respectively. 

Before going on to a discussion of the interpretation 

techniques it is perhaps of interest to demonstrate the effective

ness of the altitude correction method which was used here. Figure 

6 shows the 2000 Hz inphase and quadrature data obtained, for this 

purpose, along line 8, at two different altitudes. The flights 

·were made at a nominal altitude of 150 and 200 feet. It can be 

seen that the average 50 foot elevation difference can result in 

amplitude differences as great as 1000 ppm and phase differences of 

up to 0.15 radians. Once the data is corrected for elevation 

differences however, as shown in Figure 7, the amplitude difference 

is reduced to less than 100 ppm on the average, while the average 

phase difference i s of the order of 0.02 r adians. Thes e residual 

differences are probably attributable to the system noise and 

small spa tial deviat i ons between the two flight paths. 



4. 

4 - INTERPRETATION 

The obj ective of the various procedures which are outlined 

below is to translat e the six individual corrected secondary field 

parameters ;which constitute the TRIDE:r output J into the physical 

parame ters of the overburden such as layer thicknesses and cqnducti-

vities. Furthermore, because of the amount of data to be processed, 

the int~rpretation procedures had to be computerized and held uniform 

throughout the survey area. It is this constraint which above all 

dictated the use of a "table look-up" approach in conjunction with a 

simple predetermined model. In particular it was assumed that all 

the conduction took place in a single layer which rests on a non-

conductive bedrock and which in turn is covered by a variable thick-

ness of non-conductive drift. The couputer program then needed 

only to output the parameters (i.e. depth to top, conductance and 

where possible thickness and conductivity) for this hypothetical 

layer as a function of the secondary field characteristics. 

The interpretation program (Appendix 6) is built around 

eight pairs of precomputed tables that are stored on tape. Each 

pair of tables corresponds to a given phase of the secondary field 

which constitutes the principal entry into the tables. In particular 

the tables are prepared for a secondary field phase of 0.33, 0.40, 

0.49, 0.60, 0.73, 0.90, 1.10 and 1.35 radians. Table A of each 

pair yields an apparent layer thickness as a function of its depth 

of burial and the rate of change of sec9ndary field phase with 

frequency. On the other hand, Table B of each pair, yields the 
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l ayer conductance and/or conductivity and dep th of burial as a 

function of secondary field amplitude and layer thickness . Since 

the depth of burial is initially unknmm a trial value is assumed 

and a nunb er of iterations are made between the two t ables until 

a consistent se t of results is obtained. 

The first step in the interpretation procedure is to 

det er mine which of the eight preselected phases is closest to the 

phase of the 2000 Hz secondary field. This phase value is called 

the "operating phase". Once it is determined , the exact frequency 

at which the secondary field would have that operating pha se is 

obtained by interpola tion in the available multi-frequency data. 

The next step consists of a deterwination, once again by i nter

polation, of t he secondary field amplitude and rate of phase change 

with frequency at the operating phase. These two quantities are 

then read into the stored A and B tables and the layer parameters 

are read out directly. If the evaluated layer thickness ex ceeds 

the "thick" limit (e.g. 40 meters at 0.6 radians) the program output 

.consists of an "appa rent" half space conductivity and its depth of 

burial. 'When the evaluated layer thickness is inferior to the "thin" 

limit (e.g. 0.5 meters at 0.6 radians) the program outputs the 

"apparent" layer conductance. Finally," if the layer thickness falls 

between those t wo limits the computer program evaluates both the 

apparent conductivity and the apparent conductance. Evidently the 

layer thickness can be obt ained from these two quantities. 

The program contains a number of tests which evaluate 

the consis tency of t he data with the assumed model. In particular 
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the program ensures that the secondary field·phase decreases with 

frequency and that the corresponding amplitudes \ exceed 200 ppm. 
1. 
' 

It also ensur es that the rate of phase change with frequency lies 

within the r ange allowed for the assurr.ed model. Should the data 

seriously violate any of these criteria a diagnostic is indicated 

and no interpretat ion is made. 

A typical graphical output of the interpretation program, 

for line 21, is shown in Figure 8, while the corresponding digital 

output follows the program listing in Appendix 6. The program outputs 

the apparent conduc~ivity, and, where appropriate, the layer con-

ductance. If a homogeneous half space is interpreted, its depth of 

burial is also indicated. This is not done in the layered case as 

it was found that in this circumstance the depth of burial estimates 

are not reliable. Finally, as a validity check, the program also 

outputs, on the lowest trace, the frequency at which the inter-

pretation is made. 

5 - RESULTS 

The results for the whole test area are presented in 

Appendix 7 on a line by line basis and in a format identical to that 

shovm in Figure 8. The data is of sufficient quality and quantity 

to perhaps warrant the presentation of contour maps of the three 

interpreted quantities. 'When this was attempted however, it was 

found that such presentations appeared to be of limited geological 

usefulness. This was so for a number of reasons. Foremost among 

them seem to be the ruggedness of the bedrock topography, the 
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departure of the actual overburden layering.from the assumed model; 

and
1

the small but nevertheless finite conducti~ity of the bedrock . 
\ 

After a careful study of the result s and all other 

ava ilable information it was elected to present only geologically 

significan t data which was extracted from the results shown in 

Appendix 7. Thus it was found tha t one could construct a terrain 

map for the area which contained two principal units and a transitiona l 

unit between these. Such a map is presented in Figure 9. The first 

unit which is defined by an apparent conductance contour of ten mhos 

corresponds to an area where the apparent conductance equals or 

exceeds this value. Here,the Champlain Sea clay has a thickness of 

thirty meters or more and is overlain by a drift cover whose thick-

ness ranges from zero to ten meters and averages about five meters. 

The second unit is defined by an apparent conductivity contour of 

0.03 mhos/mete r and encloses areas where the apparent conductivity 

equals or i s less than this value. In these regions we have a 

virtual absence (less than 3 m) of conductive clay and the surficial 

materials consist of sand, till and, limestone outcrop. It is more 

difficult to make any such categorical statements about the transi-

tional layer. One would expect however, that here we have a varying 

thickness of clay (the principal conductor) which is covered by a 

5-10 me ter thickness of drift. It appears that the average clay 

conductivity is of the order of 0.3 mhos/meter so that reasonable 

estimates of the clay thickness (in meters) in the transitional 

region can be obtained by simply mult iplying the apparent conductance 

values (as shown in Appendix 7) by a factor of three. 
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Because of the abundance of peripheral data it is easy 

enough to demonstrate the validity of the interpreted results. 

First of all one might look at the internal consistency of the 

interpretation. This can be best done by comparing the two 

southbound overflights of line 8 (lines 108 and 208) one of which 

was done at 150' nominal altitude while the other one was at 200' 

nominal altitude. The appropriate data is found in Appendix 7 

and its inspection reveals that the two independent interpretations 

are consistent with each other with a tolerance of about 20%. 

One can n~xt compare the results of the automatic inter-

pretation with those obtained at a nunber of ground stations 

~ocated as shown on Figure 2) where de resistivity sounding data 

was available. This is done in Table 1 he low where we compare 

apparent conductance values obtained through surf ace measurements 

with those obtained by interpreting airborne data. 

TABLE l 

Comparison of surface and airborne data 

STA Surf ace value Airborne value 
mhos mhos 

21 17 >10 
22 25 >10 
23 0 < 1 
24 1.5 2 
25 2 2 
26 13 10 
31 18 >10 
32 25 >10 
33 20 >10 
34 1.5 
35 12 10 
36 15 10 
37 20 >10 
42 16 >10 
44 0 < 1 



It must be noted tha t once the c l ay conductance exceeds 

10 mhos (clay thickness greater than 33 meters) the Tridem sys t em 

does not resolve the bottom of the conductive layer. On the other 

hand, if this quantity is inferior to 1 mho the system response 

amplitude is low and does not permit a highly accurate interpre tation. 

Unfortunately one or the other of thes e two conditions prevailed at 

the majority of ground stations available for the data comparison. 

Because of this the two data sets in Table 2 can only be compared 

on a qualitative basis. Within this restriction however, one cannot 

help but appreciate the nearly perfect correlation between the two 

data sets. This is not too surprising because one would expect 

that the apparent conductance to be the most reliable interpreted 

quantity as its evaluation mainly depends on the secondary field 

phase. 

Finally one can gain further confidence in the use of 

the interpreted terrain map of Figure 9 by noting that all outcrops 

indicated on the ODM drift map (Gwyn & Thibault, 1973) fall within 

the sand, till and rock zone. On the other hand, the two wells that 

are indisputably situated within the indicated thick _clay zone show 

an overburden thickness in excess of thirty meters. 

6 - CONCLUSION 

On the basis of the foregoing discussion and the results 

presented in Appendix 7 one can conclude that multifrequency airborne 

electromagnet ic surveys can be useful , within limits, for the purpose 
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. 
of mapping the surficial geology of a given area . The automatic 

\ 
method of interpretation presented here is efficfent and quite 

accurate as long as the actual layering in the overburden does not 

appreciably differ from the ass umed simple one layer model. 

Although no detail interpretation was done in the contex t 

of the presen t work, it can be done , using a similar technique to 

that described here, in regions where suitable geological conditions 

exis_t. An example of such a detail interpreta tion is shown in 

Figure 10. Here we have interpreted a section of line 8 which 

was also covered by a detail seismic survey (St-Hilaire, 1975) and 

by a number of D.C. resistivity soundings (Andrieux, 1968). It 

can be seen that the depths of the bottom of the conductive layer 

as interpreted from the TRIDEH results compare very favourably 

with the seismic data while the estimates of depth to top of the 

layer which was not indicated by the seismic data agree well with 

those obtained from the resistivity soundings. 

In conclusion we recorr.mend to the Geological Survey the 

continuation of its research in mapping surficial geology with 

airborne em. Surely the quality of the data presented here 

justifies this recommendation. It is certain that with the develop-

ment of new em systems endowed with a much greater range of frequencies 

the shortcomings of the present survey and interpretation can be 

overcome. 
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INTRODUCTION 

REPORT ON 
AIRBOR NE GEOPHYSICAL SURVEYS 

IN HAWKESB UR Y AND TIMMINS AREA 
FOR 

THE GEOLOGICAL SURVEY OF CANADA 

An airborne geophysical survey usi ng the Scintrex Tridern system has been 
executed during the months of October and November 1974 for the Geological 
Survey 0£ Canad a . The survey was flown in two distinct areas identified as 
Hawkesbury and Timmins . Ov e r 600 line miles were surveyed, digitally 
process ed and di splaye d by c omputer controlled plotter . The purpose of 
the survey was to evaluate the system as a mapping tool. 

SURVEY EQUIPM ENT AND PROCEDURES 

I. Survey System: Scintrex IUZ Otter 

Th e aircraft used for Tridem surveys is a DeHavilland Otter DHC-3 
(C F-IUZ) . This STOL aircraft rs a versatile geophysical platform 
having a gross weight of 8000 pounds. According to loading, range 
and areas to be surveyed it could be fitted with wheels, skis or floats. 
The basic platform is equipped with the Scintrex Tridem units. a I o 
re solution fluxgate rnag netorneter (Gulf MK-III), a linear sweep radar
altimeter working on a 9 Ghz carrier (Collins ALT -50) and a 35 mm 
frame camera (Automax) for flight path recovery pll;rposes equipped . 
with fiducial number printing counter and a 17. 5 mm wide angle lens. 
An accelerometer is also installed on one of the wing tips. An inter -
valometer-intercom system (Scintrex IITC-2) is used to generate the 
synchronization signals for the fiducial counters (navigator, operator, 
camera, analogue recorder) and to control the camera operation. The 
intercom system is used for in-flight communication by the survey crew. 
The recording system is built around t w o ind e pendent recorders: one 
of them is an analogue recorder, recording up to 24 channels of inior -
rnation also equipped with fiducial number, printing counter and vertical 
and horizontal grid system (Visicorder 1508B). The second recorder 
is a 7 track IBM corr.patible incremental digital system (Incredata Mk II) 
recording the following information at every scan with a scan rate of two 
per second: fiducial number, time, total magnetic field intensity, 
altitude, and the 6 channels of Tridem data. At . every 20 scans a 
header is also recorded giving the day, · the n1ode of oper a tion and the 
line number. To this basic packa ge the following equipment could be 
added without modifications to the aircraft: a VLF unit which measures 
the in-phas e and out -o f - phase ve rtical field relative to the horizontal 
field and a gamma r2.y spec trum analyser (Scintrex GAD-5) ·with sensors 
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of over 15 00 cu. in. crystals volume (S ci ntrex GSA-64, GSA-77). The 
analogue and digital recording systems record all these extra channels. 

2. EM System: Scintrex Tridem 

The Tridem system is a 3 frequency in-phase, out-of-phase airborne 
EM system operating at nominal frequencies of . 5, 2 and 8 Khz. The 
actual frequ e ncies during the survey were . 524, 1. 948 and 8. 127 Khz. 
The coil coniiguration is coplanar with coil axis parallel to the aircraft 
roll axis and the coil separation is 58-1/3 feet. Th~, recorded param-

~> 
eters are the in-phase and out-of-phase components at · the secondary 
field, the field generated in the aircraft being bucked-out by the system. 
The calibration of the systern consists of momentarily altering by a knovm 
fraction (usually 500 ppm for . 5 and 2 Khz and 1 OOO ppm for 8 Khz) the 
value of the bucking supply to show a deflection in the recorded param
eters of known amplitude relative to the primary field. The value in 
parts per million of this alteration is not dependent upon any attenuator 
setting; it is applied before any type of signal processing. 

3 . Mag System: Gulf MK-III 

The Gulf MK-III system is a flw(gate servo-orienting unit measuring the 
total magnetic field intensity. The measuring fluxgate element is con
tinuously maintained in the direction of the local field by 'two servo
motors and a gimbal system controlled by two mutually perp·endicular 
auxiliary fluxgate elements maintained in a null field by the servo-loop . 
The field intensity is digitally measured and recorded on the digital 
recording system. The digital magnetic data is also converted to ana
logue data with a full scale of 100 or 1000 o and recorded on the analogue 
recorder. 

4. Procedures 

Prior to the airborne survey the system is warmed-up· for a period of a 
minimum of 30 minutes. A survey flight begins by a calibration period at a 
minimum altitude (h) of 1000 feet above ground. The system is then flo"1.VT1 
at survey altitude (h = 17 5 feet, nominal) for a period of approximately 
30 minutes along the planned flight lines. Following each 30 minute 
period, the survey is interrupted for a calibration sequence done at a 
calibration altitude (h ~ 1000 feet) during which zero levels are read
justed whenever necessary. Any such readjustment is identified on the 
flight log by the operator. The flight log also lists each line surveyed, 
its direction, the beginning and end fiducial number and any problems 
encountered during the survey. The information recorded on these flight 
logs is subsequently used during the flight path recovery and the data 
processing. 



The flight p a th recovery is done during the night following a given flight 
using a recovery mosaic, the navigator's mosaic and the developed 
flight path recovery film: each frame is identi!ied by its fiducial 
number as already mentioned. The recognizable points on the mosaic 
are labeled with their corresponding fiducial num9er as observed on the 
35 mm frames. The flight path is obtained by joirring the recovered points. 
On the mosaic such a point is shown by a small circle while an extrapo
lated point is shown with an x . 

The exact calibration circuits and procedures together with the phase 
relationship of the Tridem signals were described to the GSC represen
tative, Dr. A. Becker, during the survey period at Pendleton Airport 
on November 3, 1974. An overall check of the phasing of all the com
pone nts of this electromagnetic system could be observed when the systern 
flew over a low conductivity magnetic body (Flight No . 5 , Line No. 27S, 
Fiducial No. 2494, Area: Timmins). As expected in such a situation the 
quadrature channels show negligible response while the in-phase channels 
have negative response. The altimeter trace shov1s that the topographic 
expression of this ma~netic feature is a small hill with a haU - width of 
about 800 feet . 

' 
The polarity of the response is n·ow defined: if the secondary field has the 
same polarity, at the receiver coil, as the primary f ield it is defined as 
positive. The positive direction on the field analogue records is in 
the direction of the trace identification numbers . In the fina 1 computer 
display the positive direction is in the direction of the altimeter trace 
while the final digital data tape has a polarity inverse to the one defined 
here. 

FIELD REPORT 

1 . Hawkesbury 

The base in the Hawkesbury area was established in Plantagenet '\vhere 
use was n1ade of the Pendleton Airport. The survey period was b etween 
November 2 and 8, 1974 . Two test flights were made to optimize the 
dynarnic range with resolution compromise while the survey itself was 
done with flight No . 3, 4, 5 and 6. At the end of this period the field 
analogue records were transferred to the GSC office for ex2..min.a.tion. 
They were later transferred back to Sci.ntrex for the evaluation of gain 
and zero levels drifts. 

2. Timmins 

In this area the survey crew W2.S operating from the Timmins airport. 
The survey "\\'as made during the period from November 21 to 30 , 1974 . 
Follo"ving a test flight in the survey area only one attenuated channel 
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(8 Khz in-phase) was left on t he analogue records since the amplitudes 
of the responses were smaller than on the first area. The removal of 
the other attenuated traces on the record produce a simpler record 
without any loss of information in this area . 

ANALOGUE RECORD DESCRIPTION 

1. Channel Identification 

There are 13 recorded traces (10 at Timmins) on the analogue records 
which are tabulated here. 

Parameter Trace No. Nominal Scale 

Accelerometer 1 lOG/inch 
• 5 Khz Q 2 500 ppm /inch 
2 Khz Q 3 500 ppm/inch 
8 Khz Q 4 500 ppm/inch 
Magnetic field intensity 5 280 O'Anch 
• 5 Khz I 6 500 ppm/inch 
2 Khz I 7 500 ppmhnch 
8 Khz I 8 500 ppm/inch 
Alti1neter 9 130 feet/inch 
2 Khz QA 10 2500 ppm/inch 
8 Khz QA 11 2500 ppm/inch 
2 Khz IA 18 2500 ppm/inch 
8 Khz IA 12 2 5 00 pp1n /inch 

The identification of each trace is written once for each line and is also 
done systematically by the sequential interruption of each trace in 
synchronism with the printing of the corresponding channel number at 
the bottom of the analogue record. The I, Q and A symbols stand for, 
respectively, in-phase, out-of-phase and attenuated. The deflection 
factors and the zero level positions could be measured at regular inter
vals; the calibration is done in the same order each time and a descrip
tion of it follows. 

2. Calibration Sequence and Description 

A deflection corresponding to 2G is first recorded on the accelerometer 
trace. Two deflections corresponding to a difference in altitude of 100 
feet are then recorded on the altimeter trace followed by a deflection 
giving the position of a 50 feet radar-altitude. The coil's altitude is 5 
feet lower than the indicated altitude. This display is linear to 500 feet 
where there is a discontinuity in the slope of the response function; the 
altimeter is linear again from 500 to 2000 feet hut "vith a slope equal to 
15 tr;> of the slope betvreen 0 and 500 feet. Using the 500 f ee l discontinu-
ity and the 50 feet rnark a slightly more preci se evaluation of hc:ight above:.: 
ground could be n1acle : 

-----------1[_LT_lr---· 



h ~ 500 feet 
h = 1(1n-lc:;o) x 45 ;1 

L · (1500-l soU 

1 = distance of trace from arbi trary datwn 
n = any station 
50 = during calibration of ALT-50 
500 =at 500 feet discontinuity 

h = altitude in feet 
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The Tridem traces are calibrated in the following order with the correspon 
ding deflection magnitude in pa rts per million; . 5 Khz Q (533), 2 Khz Q 

(508), 8 Khz Q (1050), . 5 Khz I (502), 2 Khz I (505), 8 Khz I (1009). The 
attenuated channels are thus calibrated at the same time as the normal 
channels. As already explained to the GSC representative only the in
phase deflection has accurate phase and could be used for checking 
receiving coil phasing. 

The magnetic field display has a resolution of 1 O , a sampling interval 
of 0. 5 seconds and a dynamic range of 0 to 999. Each change in the 
4th digit is displayed by interrupting during about 0. 5 seconds the normal 
display and having the 4th digit recorded on a 0 to 9 scale. In addition 
to the geophysical traces the fiducial numb e rs (every tenth) are printed 
on the upper edge of the record; -thick lines are recorded ev~ry lOth 
fiducial and light lines at every fiducial number. 

FIELD DIGITAL RECORD 

The in-flight digitally recorded parameters have already been identified in 
the system description . Two types of input are recorde~ in this system: . 
digital and analogue. All the information already in digital form is sent to 
the system's digital multiplexer controlled by the formatter; this includes 
header, fiducial number, time, magnetic field intensity and, when added to the 
basic platf orrn, gamma ray spectrum analyser. This type of data is recorded 
and read back as it is: the processing of these data at a later stage will 
therefore start with the data directly without any scale factor. The infor
mation in analogue form which includes the altimeter signal, all the Tridem 
channels and the VLF channels when used are sent to an analogll:e multiplexer 
also controlled by the formatter and to an unsigned analogue to digital con
verter. Each of these signals therefore has a particular offset value and a 

scale factor associated with its conversion in digital form. The recorder 
limitations of the resolution and dynamic range are as follows: 

Parameter 

Fiducial rnunber 
Time 

Magnetic field 
Altitude 
Tridcm. 

Resolution Dynamic Range 

' 1 0 - 9999 
. 5 sec 0-23h 59min 59. 8 

sec 
1 0-99999 
1 foot 6 -40 4 feet 

Variable l -50 ppm O 1 500 ppm to 0 --------! l/ rs_ooo ppm 
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DIGITAL DATA PROCESSING 

The digital processing of this airborne geophysical su_rvey consisted of the 
foll owing steps: digitization of the flight path recovery, transformation of the 
reco rded altimeter data in feet and the Tridem data in parts per million of 
the primary field. The Tridem data were corrected for zero level drift, gain 
drift and were later2lly shifted to correct for low-pass filter time lag. The 
corr ected data "\Vere then displayed at constant scale on a c omputer controlled 
plot ter. 

1. Digitization of Flight Path Recovery 

Each of the recovered fiducial points in the two flight path recovery mosaics 
were transferred on a 1:50, OOO N . T .S. map. They were then digitized on 
an arb1trary sea.le and converted to N. T. S. X-Y coordinates using the 
topographic maps as a grid refer ence . Each recorded station has then 
been assigned a pair of N. T . S. X-Y coordinates by linear interpolation 
between b..vo digitized points. 

2. Altimeter Data 
( 

The output of the altimeter was digitally recorded with an attenuation 
circuit giving one foot per digit. The proces sing thus consisted only in 
subtracting from the recorded value the fixed system offset taking into 
account the difference between the radar antenna location relative to the 
Tridem' s coil location together with the initial delay in the installation 
of the radar altimeter. 

3. Tridem Data 

4 . 

The determination of the zero levels and the sensitivities of the system 
were done using the records of the calibration periods. The . 5 Khz and 
2 Khz chani1el.3 have sensitivities of the order of 10 ppm/digit v.rhile the 
8 Khz cha1mels were operating at 20-25 ppm/digit. Any zero level 
readjustment was also included in the processing data table givi.ng zero 
level s and their time drift and sensitivities with their time drift for each 
of the Tridem channels betvreen each calibration interval. The T ridem 
data has also been shifted by 3 scans to compensate for filter time lag: 
the evaluahon of this time lag is now described. 

Tirne Lag Evaluation 

The time constant of Lhe E~1 system is the same for the three freque ncies 
and is_2._s_econcls; this could be me2.Sltr~-~r dL~r ·i;~g each- calibration- period. -- -----·-· Each light vertical line as previously clescrihed is a l second rnark on the 
analo~ uc record. The exact instant of the step is easily observed in this 
Lyp ~ •Jf record and thus provides 2. check with a single nH::asurcn1ent. The 
tirne lag of the response is also a function of the shape of the anomaly; 

I 
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the 8 Khz channe ls fr eq u ently g ive slightly less time lag in the record. 
Three types of tar get coul d b e used for such an evaluation within the 
area of the survey: power line , magnetic dyke, outcrop or river 
valley cutt ing conduct ive forrnation. B e cause of th e ir narrower responses, 
the fir st two cases give better estimates of the time delay expected over 
a conductive dyke . Typica l examples of s uch estimates are: 

Flt. 
Area No. ---
Timmi ns 2 

2 
5 

Line 

No. 
lON 

SS 
27S 

Geo. 
Loe. 
498 0 
2497. 5 
2493 

Peak 
Loe, 
4 981. 5 
2499 
249·1. 5 

Type 
Pwr. Line 
Pwr. Line 
Mag dyke 

+ Such a t i1ne lag ha s be e n estimated at 1. 5 seconds - . 5 seconds. 
. . -f- . 

·15v-A1. . 
U"'-J . . 

• • 11.- J<"- · / .,.: 

5. Process ed File 

A proce ss ed file has then been recorded meshing the X-Y coordinates ·V •}'' . . - ~i -··< 
with the altimeter data in feet and the shifted Tridem data -~_!}. _par_ts _per~~-~~-.: v · 

million corrected for drifts. This file has been used to produce the 
analogue displays. .. 

COMPUTER GENERATED ANALOGUE DISPLAYS 

For each li ne or reflight portion of a line a display has been produced. All 
the displays have been drawn with constant scales; the horizontal sea.le is 
1:25, OOO, the altimeter scale is 100 fe e t per inch and the Tridem scale is 
500 parts per million per inch. In order to get a clear ~isplay, the Timmins 
in-phase zero -levels have b een displaced relative to the Hawkesbury in-phase 
zero-level because the mean phase of the secondary field was different. 

Each display is identif i ed by a line number and the area where it was sur
veyed. The first trace on top of the di s play is the altimeter with higher 
altitudes down in order to have a non- i nverte d topographic signature. The 
next trace shows the fiducial numbers and the distance in kilorneters from 
the datum line. All the Tridern traces are identified at the right side of the 
ana logue display while their corresponding zero level is indicated at the left 
side . The Hawkesbury sheets are orien~ed N-S and the Timmins sheets are in 
the NE-SW direction . The stations are projected on these directions in order 
to maintain constant scaling from one display to the other. 

T he position of th e zero le ve ls for each channel has been systematically de
termined by the procedure outlined in the last section 3; while this procedure 
is theoretically car r ect and particularly suitable to corn put er data proces -
sing som e c2.rc shoL~ld b~_ exe rcis e d in using these results. Ta.king into 
?..ccount the ope r 2. ti.ng cha;·actcristlc o f th-c Trid~m · ·;y~t~m when the survey 
\1/2.S flown, some ze ro l eve l che cks h a \·e to be made on part of the dala to 
n1easure ac c urat ~ ly th e gronncl el e ctrornag nctic response. 

t:.3 
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TIMMINS BEDROCK CONDUCTOR EVALUATION 

1. Presentation of Results 

The ele ctr omagneti c re cords are interpreted to dete rn1 ine Lhe presence of 
subsurface bedrock conductors. Where field distortion occurs, the location 
and the approximate depth of the main current flow can be derived. The 
curre nt axis is well defined when the current is concentrated,for instance, 
in thin, steeply dipping conductors. In wide or multiple banded conductors 
or in horizontal conductors such as overburden, the current is usually more 
dispers ed and the anomalies yi eld l ess positive information. The peak 
location, conductor coding, conductance , depth of burial,. magnetic correla
tion and spurious anomalies are indicated on the electromagnetic anon-1aly 
plan, Plate # 1, Timrni ns. For clarificati on purposes, each item is defined 
in this section and summarized in Table 1 

Cate g ory 

Coding Category 

0 1 

2 

0 3 

Conductivity & Depth 

TABLE 1 

Remarks .. 

Anomaly well defined, good 
conductivity 
Anomaly well defined, low to 
me di mn conductivity 
Anomaly poorly defined, low 
conductivity 

Conductance (at) of target conductor 
Shallow (S), depth of burial L l 00 ft. 
Deep (D), depth of burial > 100 ft. 

Magnetic Correlation 

@ Direct Coincidence 
o) Magnetic hi gh 'offset to right 
(o Magnetic hi gh offset to left 

Spurious Anomalies 

® Li kc ly n--1an-n1ade conductors 

l __ _ 



a) Peak Location 

The conductor peak location is shown on the m?-p by a circle in the 
appropriate location. In the case of a broad conductor or closely 
spaced multiple conductor zones, there may be m ,,ore than one peak, 
in which event, all major peaks are shown. A c01\ductor which is likely 
man-made is indicated by an®. 

b) Conductor Codinr; 

To facilitate the evaluation of the geophysical data shown on the plan, 
the electromagnetic anomalies a.re classified in three groups accord-
ing to Table 1. Generally, category 1 anornalie s , which represent well 
defined conductors of good conductivity , would constitute first order 
exploration tar gets; category 2 anomalies, due to well defined conductors 
of lowe_r conductivity are second priority targets; and category 3, which 
covers all v1eaker and poorly defined anomalies , are targets which, on 
the basis of the geophysical data alone, are of questionable merit. 

c) Conductance (mhos) 
{ 

The conductivity-thickness ( o t) -product of steeply dipping individual 
c onductors may be obtained using the in-phase and quadrature anomaly 
amplitudes at a given frequency. Using a typical response diagram of 
a coplanar coil configuration aver a vertical thin sheet, (eg . , Fig . 3 . 4. 4 , 
Ghosh, M . K . (1 972), Interpretation of Airborne EM Measurements Based 
on Thin Sheet Models, Unpublished Ph.D. Thesis, University of Toronto. 
This diagram was corrected for the Tridem coil se~aration of 58-1I 3 feet ) , 
the conductance can be determined. When a highly conductive cover is 
present the ~value of underlying coi:.ductors may be distorted as t he 
result of mutual induction and cannot be reliabl~cle.te.rminecL 

~~~~~·-------

d ) Relative Depth of Burial 

The approximate depth of burial may be found us ing the in-phase and 
quadrature anomaly an1plitudes at a given frequency and the response 
diagram of a coplanar coil configuration over a vertical thin sheet . The 
effect of conductive cover in the presence of underlying c onductors i s to 
y-ield an unreliable depth determinatior!. 

---------
The relative depth of burial is indicated on the plan by a D or S according 
to Table 1 . S is used to indicate an ir:terpreted depth of burial of less 
than 100 ft . and D defines a conduc::o r with an interpreted depth o f b urial 
in excess of 100 fl. 

. - "' .. . -
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e) Magnetic Correlation 

The relation bcn.veen the electromagnetic anomal ies and the magnetic 
intensity is indicated only when the latter is simultaneously recorded, 
when close and significant correlation. is evident, ie., when both 
anomalies arise from sources at a comparabl e depth and are coincident 
or only slightly offset . 

D irect corr elation is indicate d b y a double concentr ic circl e . VThen the 
anomalies are offset, half a concentric circle i s shown o n the side of 
the magnetic high. 

f) Spurious Anomalies 

Man -made conductors, including power l ines , pipe lines, telephone lines , 
metal fences, railways, etc. may c a use spurious anomalies and are 
indicated by an 0 on the plan. 

2. Discussion of Results 

In the Timmins are a , the overburden conductance and the conductance of 
bedrock conductors is not appreciably different, which of course yields the 
recognition of bedrock conductors extremely difficult. A number of third 
category targets are located which have conductances of at least about 1 mho. 

Some of these tar gets may be conductor s of bedrock origin or local zones of 
relatively highly co nducting overburden ~ 

A number of man-mad e conductors are also d efi n ed which are clue to power 
lines. 

Bec~use of the uncertainty involved in distingu ishing thes e conductors from the 
overburden, the depth of burial and the conductance determina tions may be in 
error in some case s . 

FINAL TAPE FORMATTING, READING INSTRUCTIONS, PRINTOUT DES
CRIPTIO N 

1. Fina l Tape and Printout 

The final data tape consists of b.vo fil e s. The first file contains Timmins 
data and the second file contains Hawkesbury data . The tape itself is no 
label, 9 track, 800 bpi , EBCDIC coded and formatted. It was created at 
IDM with fix ed block record s . 

DCB = (R ECFM = FB, LR ECL = 80, BLK 517.E = 2000) 

-1[ $]1----·----



Each record contains processed data for one data point. No h eader 
records or any other spe cial rec_ords appear on the tape. 

The record format is: 3I6 , 2110, 716. The following parameters which 
appear o n the tape are defined in Table II. 

I AREA, LINE, IFlO, IXUTM, IYUTM, IALT, ITSI, IT5Q, IT 21, IT2Q, 
IT 81, IT8Q . 

PARAMETER 

I AREA 

LINE 
IFID 

I XU TM 
IYUTM 
IALT 
IT5I 
IT5Q 
IT2 I 
IT2Q 

IT8I 
IT8Q 

TABLE II 

D EFINITION 

Area Location: I AREA = 1 for Timmins 
I AREA = 2 for Hawl-es bury 

Line Number 

Fi d Number: Fid Number appears twice for reading 
at each i second . 

Universal Transve rse Mercator Grid- Easting Coordinat ~ 

" 
11 

" " - Northing·· " 
Altimeter (ft;) 
500 in phase Tridem (ppm)· 
500 Quadrature Tridern (p pm ) 
2000 in phase Tridem (ppm ) 
2000 quadratur e Tridem (ppm) 
8000 in phase Tride1n (ppm ) 
8000 quadratur e Tridem (ppm) 

The printout of the tape has an external item (not on the tc..p e ) which is 2. serial 
number for data points on each line. Also, the area is printed as Tor H. 

l._ - ·------ ----------<-ff 1---------' 
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A summary of line nwnber , start and end fiducial and the nurnb er of r ecords 
per li ne is given for each area in Tables III and IV. 

TABLE III 

AREA - T L'-1."l!NS ___ __ _ ______________ F_ru_ -____ 1 __ ----------

llNE .E 1~HL Ll .CJJC. JA.l 

l 340 759 
2 770 1209 
3 1220 1689 

838 
878 
934 --- ---- - . - . -- ·--

103 201 466 --- - ---· --5°30 ___ _ 

4 1882 230S 
104 10 179 

5 2320 2779 
& 2790 320S 

_ 7 _c _ ___________ __ J ?_~0 3 68 7 
8 3843 4282 

108 810 922 
c; 4 2 9 0 ·4 7 2 9 

10 4741 5142 
11 180 631 

___ 1_2 __ ______ ·----- ---~-~ _ Q__ __ __ __.;c_ ___ __:l:;..._:O 5 5 __ _ 
13 1061 1509 
14 1780 221~ 
15 2230 2677 
16 26SO 3104 
17 3112 3536 

117 642 782 

854 
338 
918 
838 
934 ·---
878 
224· 
878 
802 
902 .-
f:30 89 _6 __ _ 

80't 
894 
828 
848 
280 -- . ·---- - ------ --- -----------

18 3720 4121 ---- - 802--
19 4130 4552 
20 4560 4q54 
21 4960 5376 
22 5510 5915 

--- _ _ 23._____ 200 687 ------123 501 63C 
223 274 406 

24 7CO 1142 
25 1150 1553 
26 1560 1987 

__ ____ 2_?______ 2260 2674 
28 2680 3107 
2S 3120 3526 
30 3530 396S 
31 4220 4594 

33 
4 C:O 0 
5050 

50(1 l 
5 '1 5 l 

844 
788 
832 
810 
794 
258 
264 
884 
806 
854 
824 85_4 __ _ 

812 
878 
748 
882 
802 

f~=-- :" -:""" - .... -. -
·-[ 1T 1

1--1 -
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TABLE IV 

_ AREA ~~'\ W KE S 8 UR y _____________ _ E1L£ _:-_. _2_ ____________ _ 

£ ~ IL.£ 1.Q .U..C. l AL 

l 31 4 1 3372 463 
2 283 8 3075 476 
3 25 4 S 2781 464 4 2 2 2 o" -·----- ------ -2"4 _s_i _______ __ - - -4 7 5-- --
s 19 20 2 l't8 456 
6 1613 l 8't 3 460 
7 . ·. 126 8 151S 503 
8 636 87S 487 

___ 1Q 8 ____________ ___]_1_8 ______ _ ~ 
208 S67 

5Lt 1 448 
12 11 490 

9 291 535 489 
10 861 1101 481 
11 1153 · 13 SS 473 
12 1476 1716 481 
13 1775 2012 472 ,· 14 -- i66_0 _______ _ 

2294 469 
15 2372 261 l 479 
16 262 503 483 
17 483 6 c; s 434 
18 1062 1290 457 

... ·- _ l 9_ --· - ---- -- ___ _l_) §_! ____ _______ _ 
20 1671 

162 li 488 
1ES7 45_2_ 

21 1954 2205 503 

- ----1[/_T ~___, 
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A summary of missing records is given in Table v. 

TABLE V 

Start End \ 
1 

Area Line Fiducial Fiducial Records File 

Timmins 3 1350 1351 4 l 
Timmins 14 1887 1916 60 l 
Timmins 14 2100 2101 4 l 
Timmins 27 2510 2511 4 l 

Hawkes bury 13 1840 1841 4 2 

2. SEurious SEikes 

Most spurious· single record spikes of significant amplitude which only 
appear on the digital recording are removed by the computer automatically. 
Other spurious single or double record ~pikes which are not deleted by 
the computer have been removed manually from the computer generated 
analogue display . These spikes are ap~i_mately 7 5 !-32-..P.P~Z:~ 
~m.plitude for the Tridem channe:ls and slig_l:!!_'[_~~er than about 10 
feet for t~ altimeter channel. These spikes have not been removed 
'T;·o-ro the digit~l -~agn_e_tl~ ta.pe and only those spikes -..vhich have been 

rejected by the computer have been deleted . A listing of the location 
of the manually removed spikes from the computer gene rated analogue 
displa y i s given in Tables VI and VII. 

-[QJI----
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TABLE VI 
Timmins (Spurious Spikes ) 

Line Fiducia] Line Fiducial 
Nun1bcr Number Channel Number Number Channel 

2 25 5 2000 IN 18 3741 2000 IN 
2 ·1098 2000 IN 18 3750 2000 IN 
2 1194 500 IN 18 3855 2000 QUAD 
2 840 2000 QUAD 19 4480 500 IN 
2 884 2000 QUAD 21 5200 500 I N 
3 1640 500 IN 21 5170 500 QUAD 
3 1420 8000 QUAD 22 5720 500 IN 
5 2 580 2000 IN 22 5840 500 QUAD 
6 2870 500 IN 23 642 500 IN 
6 2878 500 IN 23 629 500 I N 
6 3065 500 IN 23 492 8000 QUAD 
6 294 0 SOO QUAD 23 334 · . 2000 QUAD 
7 3568 500 IN 23 347 500 QlJAD 
8 4272 500 IN 24 864 . 8000 IN 
9 4368 8000 IN 24 841 500 IN 

10 4811 500 IN 24 912 500 IN 
10 4760 500 QUAD . 24 970 500 QUAD 
11 320 500 QUAD 24 724 500 QUAD 
11 330 500 QUAD 24 953 ' 500 QUAD 
12 689 2000 IN 25 1352 8000 IN 
13 1211 500 IN 25 1190 2000 QUAD 
13 1098 2000 IN 26 1830 8000 IN 
13 12 93 2000 QUAD 26 1798 2000 QUAD 
14 2058 500 IN 27 2287 2000 IN 
14 2198 500 QUAD 29 3300 2000 QUAD 
15 2467 8000 iN 31 4248 2000 IN 
15 2416 2000 IN 32 4650 2000 IN 
15 2548 8000 QUAD 32 4910 2000 IN 
15 2482 2000 QUAD 32 5000 500 QUAD 
16 27 53 8000 IN 33 5133 500 IN 
16 2941 2000 QUAD 33 5166 500 IN 
16 3041 500 QUAD 33 5329 500 IN 
17 3433 ALTIMETER 33 5110 500 QUAD 
17 3172 8000 IN 103 265 2000 IN 
17 3428 2000 IN 103 321 2000 IN 
17 3360 500 IN 104 12 500 IN 
17 3339 8000 QUJ\.D 117 720 8000 QUAD 
18 38(14 2000 IN 117 678 8000 QUAD 

223 298 8000 IN 

-
~ 
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TABLE VII 
Hawkesbury (Spurious Spikes) 

Line F iducial Line Fiducial 
Number Number Channel Numb e r Number Channe l 

1 3354 2000 QUAD 10 980 2000 QUAD 
3 2577 ALTIMETER 10 999 500 QUAD 
3 2676 500 QUAD 11 1300 500 IN 
3 2596 500 IN 11 1325 500 IN 
5 2093 8000 IN 16 469 2000 IN 
5 207 5 500 IN 16 476 2000 IN 
8 647 500 IN 16 318 2000 IN 
8 655 500 IN 17 630 2000 QUAD 
9 513 500 IN 21 2125 2000 IN 

,· 
. 

-
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1 . SUMMARY 

This preliminary report on work done to date relating to the inter

pretation of three-frequency TRIDEM airborne electromagnetic data 

summarily describes the computer programs needed for data processing 

prior to interpretation. The first of these - P~OGRAM FILTRE -

is used to reduce the noise inherent to the high frequency components 

of the data and, in part icular, the altimeter trace . It must be us ed 

prior to the altitude correction program if "false" anomalies caused 

by altimeter "bounce" are to be avoided . 

The second program, presented here in the form of a sub~routine (CORP£C ) 

is designed for correct ing the in-phase and quad:::'ature components of 

field data for altitude variations. 

The nois e reduction p:::'ogram was tested on ac~ual fi eld data and was 

found to perform in a satisfactory fashion. The elevation correction 

program was tested on theoretic2.l data and yielced errors 101-:er thCJ.n 

7% for corrections of height up to 40 feet . 

I t must be noted that both programs can only be used directly in 

conjunction with data obtained with the Scintrex TRIDEM system when 

flown under Geological Survey of Canada ' s specifications . They can 

also be applied to frequency domain data obtainec under other 

specifica tions if appropriate changes are made to the fixed constants 

used in both programs . 

2 . NOISE REDUCTION PROGRAM 

2 . 1 General Description 

The Noi se Reduction program is based on a conventional t i me domai n 

65 coefficient low pass filter . It cuts off all signal whose 

": ·. -
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frequency exceeds 0.1 cycles/data interval, conversely it passes 

all data wl ose "period" is more than ten data intervals. The 

filtering is accomplished by straight forward multiplication of 

data and filter coefficients . 

Thus we have 
i = N + 32, j -· 32 

AN ~/ . A· e: _ _J l 

i = N - 32, j ::: -32 

Where AN - filtered output at Nth data point 

Ai - input 

W· = filter coefficien t . 
J -

The 65 filter coefficients are calculated from the rela~ion 

Where T 

· B (m) 

A(m) 

= 

More precisely 

A(m) = 

and B( m) = 

= 
with x = 

A(m,T) B ( m) 

cut-off period 

Parzen window factor 

"Infinite length" low pass filter coefficient . 

2 Sin(2m rr/T ) 
T 2m rr/T 

1 - 6x 2 t 6x 3 for x < 0.5 

2 ( 1 - x)3 for 0,5 < x < 1 

lrnl/32 
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The variation of A(m ) is illustrated in Fi~ure 1, while Figure 2 

illustrates the behaviour of B(m). 

The frequency r esponse of the f ilter used is shown in Figure 3. 

Finally , Figures 4 and 5 allow an apprec~at ion of the usefulness 

of the filter by contrasting filtered and raw data . 

2.2 Particulars 

The filtering program listing is presented i n Appendix A. The 

coding embodies the princ iples discussed a~ove . It is written to 

read the input data from cards and provides for the filtering of all 

the six TRIDEM outputs plus the alt i meter . The program as presented 

in the listing provides for the processing of a data string of 200 

entr ies . The s ampling interval is set at 0.5 sec. and the cut-off 

period at 5 sees . The specific program features are established by 

setting t he followin~ variables: 

NN 

NPT 

DT 

TC 

3. ALTITUDE CORP..ECTIOHS 

3.1 General features 

3.1.1 Phase correction 

data string length 

number of filter coefficients to be used 

s ampling interval in ~ecs . 

cut-off period in sees . 

The elevation correction sub-routine is derived on an heuristic bas is 

from theoretical expr ess ions for electrouagnetic responses for a hori

zontally stratif i ed earth. In particular, it appea rs tha t satisfactory 

phase angl e corrections for all stratified earth models can be obtained 

by considering the "low frequency" expansion for the secondary field 

over a thin conductinB sheet. 

'· . 
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One then obtains, 

Where 

tan 0 (175) ~ { 1 ~ 4 h (175 - h) } tan 0 (h) 
3364 -t 4 h 2 

tan 0 (175) = desired value o~ phase angle at 175' 

tan 0 (h) = measured value o~ phase angle at h ' 

h flight elevation in feet a.g.l. 

We illustrate the usefulness of this model in Table I by comparing 

the results for altitude correctjons of ~hase angle over a 

homogenous ground with the exact phase a~gle at 175 ' elevation. 

In the upper part of the table) we have cpplied a downward correct.ion 

of 40 feet, in the lower half we applied an upward correction of 

30 feet. In both cases the exercise was carried out for a large 

range of the induction paramete~ 

B -· . 03 5 ./ a f 

with a = ground conductivity in mho /m 

f = frequency in hz. 

As shown in the last column of the table, the error in the correction 

was always inferior to 5% . 

3.1. 2 Amplitud e corrections 

The formulas used for correcting elevation effects in secondary fi eld 

amplitudes are derived on a similar basis to those for the phase 

correct ion, The "in-phase " component is corrected on a purely 

"geometrical" image basis with the relation 

p2 ( 17 5) :: 



Where 0 = 

P(l75) 

P(h) 

-5-

. Yr .. 
~ - (h;29) 2 ] . 

Corrected value of in-phase component 
at 175' , 

1 

Measured value of in -phase component at 
height 11 h 11

• 

On the other hand, the correction of the quadrature component is more 

complex and depends on whether the input data is typical of a thin 

conducting sheet or of a homogenous ground : the former is recognized 

by an inverse crwnge of a factor of four in-phase angle tangent for a 

four-fold primary fie ld frequency change. In the latter case, the 

s econdary field phase angle tangents change but by a f actor of two for 

the s ame frequency change . 

Thus if we a llow , 

a = tan 0 (h , 500 hz) 

t an 0 (h, 2000 hz) 

t he correct ion formulas for the quadrature component are , 

for a > 4 

for a < 2 

Where 

Q2 ( 17 5 ) 
1 

Q2 ( 175) 
2 

Q(h) 

= 

= 

= 

1. 8 
(l -

6.8 x 
ce -

Q2 (h) 

Q2 (h) 
h ) 2 

29 

denotes t he observed quadrature response , 

and 1 

denotes the cor .rect ed value of the response . 
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For, 2< a< t1, one uses a we i ghted arithmetic mean of the two extreme cases 

thus 

Q(l75) = (a-2 ) Qt (175) i· (1 - a-2) Q2 (175) 
-2- 2 

Table II indicates the order of magnitude of t he errors that can be 

expected when the actual model for which the elevation correction is 

computed does not cor1~espond to either limiting case . Here we have 

comput ed , as a function of the induct ion parameter B, the alt itude 

corrections for the ca~e where we have about 3 feet of non-conductive 

overburden over a conduct ive half- space ( K - conductivity contrast = 10). 

As in the case of the phase correction the compar ison was made for 

both an upward and dowmrard correct ion . The maximum error of 7% 

occurred for a doimward correction of 40 feet . 

3 . 2 Part iculars 

The altitude correction sub-routin e listing is presented in Appendix B. 

The coding cor responds to the mather.:at ica l relations presented in i::he 

above section . It i s written to obtain the input da t a from a rr.ain 

program and returns the corrected values to that program . To operate 

the sub-routine therefore one must provide a main program which would 

read data from an appropriate medium·and output the corrected values 

in the described format . Because the numerical constants used in the 

sub-routine 1•elate only to the Scintrex TRIDEU system UJh en flo z,;n to 

Geo logical Survey of Canada ' s specifications , it can only be used to 

process data obtained u.1ith that syc tem . 

It is to be noted that the ~hase an~le correction is done in one foot 

steps whereas the amplitude correction is applied in one global calculation. 

Although th e sub -routine as shown in Appendix Il is cod ed in double precision , 

there is no need to ma intain thi s feat ure for routine use. 
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39 (.0 13 1= 1, \l'l 
'• 0 13 f ILi I ! = I' fl( I) ''" ! I) 
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APPENDIX 4 

Corrected Data Set 
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HR [,~Jl'\ESBURY LI ~.JE 1 

FI DS 3340 3320 3.300 3280 3260 3240 3220 3200 3180 3160 

0 2 3 4 s G 7 8 9 10 11 12 

FILTERED HND HLTITUDE CCRRECTEO CO ·1POt-H!TS OF THE SECONDARY FIELD 
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• HR f,,JKESBLJRY LINE 3 
F ms 2760 2740 2720 2700 2660 26SO 2840 2820 2600 2580 

KM 0 2 3 4 5 6 7 8 9 10 11 12 
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.--~-r'~~..,--1-~--,.-'-~---.---'--~-r-L---,---'--~-.--'-~r--'---r-~-'--..,--L~--,--L-~~ 
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LINE 19 
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F IDS 1700 l 720 l 740 1 760 l 7SO lBOO 1820 18f0 1860 1880 
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F [lT ERED Rtm ALT ITU:JE CORRECTED CIJr'!PONEtJTS OF THE SECDNORRY FI ELD 

I 500 PPM 

• 11-1 

<?-I 

::z: 
a ...... 
f-
er: 

11-J -5-I 
(_j 

LL ,.._.. 
~~l f-

z 
UJ UJ ;;:>- 0 w 
....J .S-I 

0 
UJ 
u a:: a: 

UJ a:: 
N J-

IHI 

~ 

~ 

2-0 
.&-D 

.l>-1 

• 



• 

• 

• 
-:· . 

FrDS 2180 
HR!i-.. Jf-\ESBURY LI NE 
2150 2140 2120 2100 2080 2060 2040 

2 l\ 
2020 ' ?OOO 1980 

.--~-r---~-r'-~--1------'r--·~-+-~__..,~~~-~--L-r-~-'T~--'-,--~-'--..--~--. 

f{M 

fH 

'.:32-1 
w 
:> 
w 
_J .s-1 

~ 
w 
N 

.S-1 

0 2 3 4 5 6 7 8 9 10 11 

FILTERED HND ALTITUDE CORREC TED CDriPOt,ENTS OF THE SECONDARY FIELD 

I 500 PPM 

r-

12 

8-1 

2-1 

z: 
0 

I-
a: 

.s-1 w 
LL. ...... 
I-
z 
UJ 
D 

w 
u 
a: 
0::: 
I-

IKI 

~ 

.s-a 



APPEKDIX 5 

Amplitude-Phase Data Set 
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