Chapter 5
Experimentation with Magnetic RTP

5.1 Issues with low latitude TMI response

Enhancements of original aeromagnetic data are very important for the magnetic

aeromagnetic data set was pe e of the data set reduction to the
pole (RTP).
Reduction to th/ : " operation for the magnetic field at the

latitude where the Earth's i i is transformed to the field at a
magnetic pole, where
magnetic anomaly (indr ) | ‘ S as asymmetrically related to their
sources, but when the indy€ting field is vs g ;;: " ed anomalies are directly over
ence (Milligan and Gunn, 1997). The

to the pole technique are clarified,

I

original data sets in areas of significant magnetic inclination:

‘o v/

Unfortuv@lj‘.&iﬂl?g nrﬂm:jamﬂn’lﬂe‘i of very low magnetic
latitude the, Fouri in't ‘ ieﬁp e caé nstable, owing
to the n:i:%mhﬁ‘sﬁm ﬁﬁ‘ﬁl nﬂ/gl?l al+1993). To solve
this problem, some workers limit their transformations to greater than 15° and accept the
result. Others approximate the process by doing two transformations for smaller
amounts, where the sum of the angle involved in the transformation equals the difference
between the survey latitude and the pole. Some workers avoid the issue altogether by

performing a reduction to the equator. Gunn and Almond (1977) have demonstrated a

space domain solution to the problem of transformation at low latitude.
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Thailand area is sitting at very low magnetic latitude between -6° to 26° N from
southern to northem parts of the country, with approximately less than 1° declination.
Although the inclination of the Loei area is at 22° N, an effect occurs during for the RTP

processing.

5.2 Artifacts Associated with Data Filtering

The characteristics of magneti

included three main effects:

r/)sponses at low magnetic latitude are

L —

The suggestion is that these ‘effects are mainly involved with

- N-S “stretching”
- Predominantr( :

- Suppressed

N

correlation procedures | N , go \ that usually have a strong
across-line bias. The desjg@bi i \% it lines combined with the NS
stretching effect can resull ig inapg iate atien between lines generating

ding parameters should take this

into account, for example, rectan {ﬁ'ﬁ entation of search ellipses. A general

rule, the problems will i 3 gs Hoth line direction and line

spacing need careful cof:

of the operation S i nélinati f th@n around 15°. This is

Y
usually manifested as NS “striping” infthe RTP results His experiericé has shown that

performia tm?q asﬁgal Om um agnm’;}»ﬁwﬂ than 30° can
q

minimize this effect. He also suggested that using a slightly higher original or source

inclination than the observed (e.g. 3° instead of 0°, 8° instead of 5°) might diminish the

instability with out substantially changing the RTP result.

The second problem is caused by the interference effects of sources with
different depth ranges. When reduction to the pole generates spurious features of long

wavelength response occurred within the survey area. This raises two issues; the first is
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that extra survey coverage around the planned survey area is highly desirable when RTP
is to be performed. The second issue is that RTP will perform best when “focused” on
the simplest possible data set. Data sets containing responses from a number of depths

require filtering to isolate the features of interest prior to or in conjunction with RTP.

Interpretation of magnetic data at low geomagnetic latitudes is more difficult than

at high latitudes, since anomaly maxima are not located directly over the causative

bodies. This is easily done in th freq ' omain using standard linear filtering

techniques. However, at lo somag! he reduction to the pole operator

Although the 18* , and inclination angle

22 °, the noise effects the RTP process. Fig. 5.1

e served i cal” usually assuming perfect

i i
induction for simplicityls shown in Fig. 5.1B. The inde

:)::t::u:; :: ﬂii }:f j« W gw%éwzlﬁ ﬁ ;s«o identify the location
ARSI D ISt v

in Fig. 5.1 A. the circular feature is easy to interpret as an intrusion from a good RTP

tion magnetic intensities is

result, since the dipole magnetic intensity become monopole. However, the cylinder
feature shows the distortion of N-S stretching and negative amplitude, which is difficult to
analyze and interpret. Therefore, from the Loei study area, we should look for some
other methods for solving these problems of the RTP processing before applying the

other enhancements.
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(B)

Figure 5.1 Forward modelling of circular and cylinder magnetic feature as in

the Loei study area showing
(A) dipole of total magnetic responses of circular and cylinder features at the
inclination of 22° , and

(B) the realistic idea for RTP result at the inclination of 90°.
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22 ° showing the distortion at the cylindical feature.
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5.3 Preferred solution

Many methods to overcome the problem have been suggested by several
authors. The followings have been reported in studies of method for solving the problem

of reduction to the pole:

Baranov (1957) presented the .

«yi o the pole technique in an effort to get
rid of magnetic anomalies of fl e com terns due to the oblique angle of
magnetization and anomal ] A@roc@\e numerical calculation of the
reduction to the pole fi | nd Naudy (1964). As they
mentioned, when the inclinaii € as close to zero, structure in
north-south direction di
his process was not ( nag ‘ ‘_' » ecause of the very large

amplitude corrections th . pﬂ@d- 0N 1 trending features.

Bhattacharyya (1965 ' _ _'. f ] ent of Baranov's approach. The
magnetic field was expanded |QW Fourier sefies on a rectangular grid. The double

integration then could Je made analytically instead of nun 1erically. However, the basic

Followin ing of Fast Fourier
Transform (Fﬁﬂv’y\ﬂ(l ﬂﬂ(ﬂﬁaﬁaj‘nﬁ as a simple filtering
operatio ﬁ“ eﬁf r transform of
the obs m{ﬂmeﬂ(ﬁ:i ﬁ \El/gj: Ef main. As the

magnetic latitude approaches the equator, however, the operator becomes unbounded
along the direction of magnetic declination and therefore increases the noise in this
direction to the extent that the resultant RTP field is dominated by linear features aligned
with the direction of declination. To deal with this difficulty much effort has been spent on

formulating the stable approximations of the RTP operator. Most workers have focused

on a stabilized operator without regards to the actual.
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Pearson and Skinner (1982) suggested a reduction to the pole procedure in the
wave number domain that operated on the spectrum of the data previously smoothed by
a user defined whitening factor. The aim of this whitening factor was to attenuate the
noise content in the original data so that noise distortion in the reduced field was
minimized. This approach was an attempt to deal with the instability of the reduction to

the pole procedure at low magnetic latitudes.

Siva (1986) proposed y .in the space domain using the

equivalent, source met results @Ilent, but the method was

Hansen and P method in which a Wiener

filtering technique was tor. The important attribute

of their work was that th arried out in accordance with

the noise in the observe ated noise power spectrum.

However, their approaches, @nd ethers in.the literature, are based upon filtering, and

little emphasis is placed upon qg_@@;?;g ? 20 e the observed data.
g abic 10 IQfC

!

Siva ‘ r iction to the pole operator by

truncating its Taylor series expansion and reducing t ¢

continuation of tarﬁﬁﬁ'% ﬂ w %—’w 8 ']ﬂ ‘j
e TR S TR AT

Powlowski (1989). The resulting reduction to the pole map was further improved by

Mendonca and

effects of noise by upward

iterative minimizing the residuals between the observed field and the field obtained by
projecting the reduced to the original geometric latitude. They stressed the need for
better fit between observed and reproduced data as a factor to improved RTP results.
Despite much of the effort, the existing RTP procedure still works only with moderately

low magnetic latitudes.
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Reduction to the pole can be calculated in the frequency domain using the

following operator equation 5.1 (Grant and Dodds, 1972):

L(6)= 1 (5.1)
[sin(l)+icos (I )cos (D-6)]

where

\
6 is the wavenu ~_‘___¢ W/é‘ ,

/ is the magnetie+ ion, NQ =——

a0 N
. .| ‘ o;\\:\‘
+ 4 AN N N e
0) approaches TU/2 (a north#So =ature), the operato roaches infinity.
. (;'77 |
&-ﬂf

G

The very large @mplituc -;',': eile ‘ ad for north-south features at low

N

dressed the noise problem in the

D is the magneti

From Equation 1, it can be 8 \L ‘\\. magnetic equator), and (D-

latitude also increases thefnorth-south < ‘;' nent ise and magnetic effects from

the inducing field. Numerolis @Gthors hat

published literatures. )

o

0 }; the magnetic North-South
direction using frequency gz:ain techniques Sansen and Pawlowski, 1989; Mendonce
and Silva, 1993Ffﬁmmﬂﬂ? m1 mmmain (Silva, 1986).
The simplest andjmost effective echnéque is tha ;elope by an‘:nd Dodds (1972)

in the dam@fqmgg WT ﬂ\m aozjced a second
inclinationq(l at was used to control the amplitude of the filter near the equator as

shown in equation 5.2.

The methods eitfer

L(&= [ sin (I)-icos(l).cos(D-O)
[ sin’ (I')-icos (I’).cos'(D-@)] [ sin’ (I)-icos’ (I).cos (D-6)] (5.2)
if (<)), I'=t
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In practice, (/) is set to an inclination greater than the true inclination of the
magnetic field (or less than the true inclination in the southern hemisphere). By properly
attenuating the complex amplitude, while not altering the complex phase from Equation
1 to Equation 2, anomaly shapes will be properly reduced to the pole, but by setting
|11>]/l, unreasonably large amplitude correction are avoided. Controlling the RTP
operator then becomes a matter of choosing the smallest /' that still gives acceptable

results. Thus will depend on the quahty of the data and the amount of non-induced

for comparative oﬁuﬁw ?j;%fw ﬁﬁ ‘i the Loei province,
northeastem of %ll ﬂﬁ ation are 22° N and

reseé:t 'ﬁ/ At thls Iat de the ;%nr of differenma ﬁetlc intenSities (Iow and high)

NItda AT ING A Y

In the method for test the RTP result in this study, the first inclination is fix at 22°

represen

(magnetic inclination angle of The Loei area) while the second inclinations are applied in
22°, 30°, 45° and 60°. Displayed results at the different second inclination from two
software programs are considered in the case of NS “stretching”, predominant negative

response, and suppressed amplitudes.
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Fig. 5.4(a) shows the relative residual (IGRF corrected) magnetic intensity
magnetic anomaly map of the Loei area presenting a rather complex magnetization
pattern. The residual intensity aeromagnetic map exhibits a north-south trending grain
agreeable with the surface geological terrain. The most prominent low magnetic intensity
is in the center part continuing northward to the boundary between Thailand and Lao

PDR. Higher magnetic intensity in the eastern part is clearly visible on the map. The

southwestern part shows a series itive, roughly circular anomalies where

the elongate shape of high m tic 2 | north of central part is surrounded
by the magnetic quit zone&eas@‘n pﬁan intensive magnetic anomaly
zone oriented in a north~( ] "\eofthis anomaly is marked by a
sharp magnetic gradient.

Fig. 5.4(b) pre ogram contains the second

inclination as in the Equ 2 860! \cli ‘Thailand presented by Tulyatid

(1995) at 67° is applied. #Thi ) rSho ises in north-south direction

Fig. 55 j ¢ | U | usi IS program. It used
several second i@mﬂ m ﬂﬂ:ﬁ ﬂfﬂzlmmaﬁon (1) in Figs. 5.5
(a), (b), {ﬁ at:22%, 30° °,€ : ﬁn e the result of
the RTP m:cﬁtjaa ﬁﬂi&nms , an E!:je mplitude (see

black box in Fig 5.5), the map applying second inclination 30° (Fig.5.4 (b)) shows the
more clear anomalies and less noise than the others. Nevertheless, there is still noise in
north trending at ring feature in the central part. This illustrates that identification of the

nature of the noise that contaminates real data is a difficult task. In addition, the details

of anomalies of this map are obviously shown principally, in the western part of the area.
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The negative anomalies are decreased and the anomalies in southern part are clear, as

the dipole response of granite intrusions become monopole response.

Fig. 5.6 shows the RTP map using the ChrisDBF Program. The RTP operation
using this program applies the same first inclination (22°), but the second inclinations are
changed to 22°, 30°, 45° and 60°, respectively. From the results, if the second

inclinations are increased, the negative magnetic iniensities are amplified as the pair

with the high magnetic intensities: as s in Figs. 5.6 (c) and (d). From these
dar ‘ jis area is shown in Fig. 5.6 (b) and
indicated I'= 30°, same a w and less noise in north-south
direction compared W|t ' ations k box in Fig 5.6). In addition, the
RTP anomalies from ChrsDBE ' gran \ | rocessed with more detail
preserved than the OASIS F ) ; in estern part, the elaboration of

pattern in the central part,

Sl
_,,,_r‘*, £ _‘_-
However, there is no q le' nly iR the south edge of the map. The maps
shows that the reduction to -&hﬂ{@@' naps gontain mostly geological information,
although some trendifig-along the ge otic meridian is presented.

v’_ A,

The reduction to he pole map, shown in Figs. 5.5(@ and 5.6(b), have been used

to locate and lw g) w ﬂ vwsﬁgﬁﬂ? processing, such as
r the best RTP h

first vertical denwtlve comes afte processing e map illustrates the

W RT PN 115 L

results are only from the fully automated programs. Furthermore, the RTP results are only
used in the Loei area. In other areas, the RTP result should be tested for the best

outcome.
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Figure 5.3 An index to the aeromagnetic data strips, magnetic inclination, and the

suggest I' from Tulyatid (1995).
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Figure 5.5 RTP map of the Loei area using the OASIS program
by applying the different I' values of (a) 22° ,(b) 30, (c) 45° ,and (d) 60°.
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Figure 5.6 RTP map of the Loei area using the ChrisDBF program
by applying the different I' values of (a) 22°, (b) 30°, (c) 45°, and (d) 60°.
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