Chapter 4

Data Processing and Results

4.1 Introduction

This chapter describes the step of data manipulation which is used
to present and analyze its valuable for the mineral exploration. Field
data which are recorded in a receiver’s memory will be printed out or
dumped into a desktop computer for further processing purposes. Data
dumping facility of geophysical computer program is introduced to load
out raw data from resident memory of the Scintrex IPR-11 receiver.
Thereafter, raw field data were converted to be raw data file by a
conversion module, to perform a standard format file for further
processing. Then data reduction module is used to calculate all
parameters contained in data file in order to make the illustration. After
that, each set of data will be re-arranged in a suitable form for
illustrations. Data processing flow chart and its presentation are shown

in Figure 4.1

-

Different data acquisitions were applied in three different kinds of
deposit. First area is Mae Chong sulphide deposit, data was acquired
with pole-dipole array of 50 meter dipole separation. Second area is
Khao Khi Nok graphite deposit, data was acquired with several array
configurations and with several dipole separations. Third area is Pong
Nok Gaew clay deposit, data was acquired with a parameter similar to

the later one.
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Figure 4.1 Flowchart of data preparation, processing, and presentation.
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In the first stage of data processing, pole-dipole array with 50
meters dipole separation of Mae Chong area, 10 meters of Khao Khi Nok
and Pong Nok Gaew areas are selected to process and compare for the
results, Thereafter, decay curve of each deposit will be presented to
observe its characteristics. Next, different of array configuration and
different of dipole separations will be selected to compare in order to
analyze in detail of somewhat affect on induced polarization response of

the ground.

4.2 Data processing

The data reduction was applied to calculate the parameters which
contain in raw data. From filed data, it composes of location of current
and potential electrodes, potential and current values for calculating
apparent resistivity, self potential, decay voltage of ten slices. After the

‘application of data reduct'ion, raw data file will be decomposed into
seventeen files. There are apparent resistivity file, average apparent
chargeability file, self potential file, metal factor file, computed
chargeability file, frequency dependent file, time constant file, and ten

files of each slices of apparent chargeability.

The seventeen processed data files can be divided into two groups,

conventional and complex resistivity parameters, as shown in Table 4.1.

4.3 Data analysis

Data of Mae Chong area is selected from pole-dipole array of 50
meters dipole separation. This array configuration is selected in order to

investigate the deeper and, moreover, this configuration is less effect
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Table 4.1 Summary of various processed data from data reduction.

Parameter

Quantity (file)

Conventional:
- Self potential
- Apparent resistivity

- Apparent chargeability

- Metal factor 1
Complex resistivity:
- Chargeability 1
- Frequency dependent 1
- Time constant 1
Table 4.2 Summary of data files used in data analysis.
Parameter Profile | Stacked profile | Pseudosection
Conventional:
- Self potential n n n .
- Apparent resistivity y y y
- Metal factor y y y
Complex resistivity:
- Chargeability y y y
- Frequency dependent y y y
- Time constant y y y

Y =use, n = not use
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from topographic effect (Techawan, 1995). Khao Khi Nok area data is
selected from dipole-dipole array of 10 meters dipole separation. Data
of Pong Nok Gaew area is selected from dipole-dipole array of 10 meters
dipole separation. Data from Khao Khi Nok and Pong Nok Gaew are
- selected of 10 meters dipole separation in order to reduce the influence
of electromagnetic coupling which occurs during the surveys with large
dipole separation. Whole data sets are surveyed with 2 seconds
transmitting time. The effect of dipole separation will be presented in

the later topic of analysis.

The data obtained from data reduction process will be presented in
various kinds of illustration. First, whole data files will used to construct
a pseudosection plot. Second, the reduced data will be furnished for
profile plot. There are two types of profile plot, single profile and
stacked profiles. Table 4.2 shows the detail of data presentation. Third,
decay curve will be redrawn from raw data file at the location which is
interesting. Finally, the decay curve will be analyzed with an effect of
changing parameters such as; array configuration, dipole separation, and

transmitting time duration.

4.4 Results of Mae Chong sulphide deposit

Induced polarization survey was acquired with pole-dipole array
configuration of 50 meters dipole separation. Transmitting time of
transmitter TSQ-3 is 2 seconds. Traverse line is allocated from station
-50 to station 2750 with the separation 50 meters, total length of 2,800

meters. Survey line is laid in approximate east-west direction.
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4.4.1 Conventional parameters

Apparent resistivity profiles are shown in Figure 4.2, for n=1 to
n=6 pseudo-depth. For n=1, apparent resistivity is lowest at about
station 1200 with magnitude about 2 ohm-meter, this zone is defined as
anomalous zone. While pseudodepth increases from n=3 to n=o0,
anomalous zone splits out into two zones, the first zone is located near
station 1050 and the second is at station 1350. Stacked profile of
apparent resistivity is shown in Figure 4.3, which indicates four low
resistivity zones . The first zone is occupied between station 350 down
to station -50. The second zone is located at station 1050. The third
zone is located about station 1400. The fourth zone is located about
station 2500 but this zone has higher apparent resistivity than the others.
From stacked profiles, it should be noted that apparent resistivity of earth
layers increases with depth because porosity in rock will be reduced by
mass of the overlaying layers, apparent resistivity of non-mineralized
rock depends on its porosity and resistivity of connate water. But for
mineralized rock, apparent resistivity changes very little because
apparent resistivity depends mostly on the characteristics of mineral
rather than the porosity and connate water. Pseudosection plot of
apparent resistivity is shown in Figure 4.4(a). From pseudosection, low
resistivity zones represent by blue color appear first at left portion and

second at center portion of the pseudosection.

Apparent chargeability profiles are plotted in Figure 4.5. From
n=1 pseudodepth, anomalous zone is located at the center portion of

survey line down to pseudodepth of n=6 which the anomaly peak
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Figure 4.3 Stacked profile plot of apparent resistivity of Mae Chong sulphide deposit.

Pole-dipole array of 10 meter dipole separation.
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Figure 4.5 Profile plot of apparent chargeability of Mae Chong sulphide deposit.

Pole-dipole array of 10 meter dipole separation. Solid lines are the trend of high apparent chargeability.
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slightly shift to the left. These zones are tracked by the thick solid lines
overlaid on the figure. Stacked profile plot of apparent resistivity is
shown in Figure 4.6, anomalous zone can be classified into three types.
The first is the very high magnitude of apparent chargeability located at
the center of the survey line closed to station 1100. The second is the
high magnitude located beside the first zone at the right portion but its
magnitude decrease to background level at station 2000. The third is
moderately high magnitude locate at the left portion of the first zone
from station 850 down to station 500. The background value of this area
is about 5 to 7 millivolt/volt, not exceed 10 millivolt/volt. Pseudosection
plot of apparent chargeability is shown in F igure 4.4(b) which indicate
these three anomalous zone, pink color represents very high anomalous
zone, red color represents high anomalous zone, yellow color represents
moderately high anomalous zone, and green color represents background

value of this study area.

Theoretically, metal factor is a parameter of the apparent
chargeability that normalized with the apparent resistivity value. VYhile
the apparent resistivity is increased, the metal factor will be decreased.
On contrary, if the apparent chargeability is increased, the metal factor
will be going up also. This parameter will be rising to very high
magnitude in case of the anomalous body has very low resistivity and

that body give high chargeability value.

Metal factor profile plots of pseudodepth n=1 to n=6 are shown in
Figure 4.7. The high magnitude is located about station 1100 except for
n=1 and n=2 which have very high magnitude. Figure 4.8 shows a
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stacked profile of metal factor, anomalous zone locate at center of survey
line about station 1100. Pseudosection plot is shown in Figure 4.4(c),
anomalous zone represents by red to pink color. This parameter shows
good correlation of its value with apparent resistivity and apparent

chargeability.
4.4.2 Complex resistivity parameters

Chargeability is one of three parameters calculated by computer
software. Refer to Cole-Cole relaxation model, relevant parameter
consists of chargeability (m), frequency dependent (c), and time constant
(1). These parameters represent the behavior of the ground under an

impressed external force.

Profiles plot of chargeability are shown in Figure 4.9. It
continuously shows good relationship with anomalous zone at the center
portion while out of this zone has not related to other pseudodepth.
Figure 4.10 shows stacked profile plot of chargeability, it has anomalous
zone locate at center portion of survey line while beside that is not
meaningful. The computer software is applied to enhance the “data
quality and plotted in pseudosection form that the anomalous zone can
be continuously observed at the center portion and will be represented by

pink to red color as shown in Figure 4.4(d).

Profiles plot of the frequency dependent are shown in Figure 4.11.
This parameter has not distinctive value in order to identify anomalous
zone. Stacked profile plot of the frequency dependent is shown in Figure
4.12, frequency dependent in anomalous zone is about 0. 4 and about

0.25 for background value. Very high magnitude represents strong
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electromagnetic coupling, not means the anomalous zone. Figure 4.4(¢e)
shows pseudosection plot of the frequency dependent, high value
distributes over station 500 to station 2500 represents by yellow to pink

color and then the background value represents by blue color.

Profile plot of time constant is shown in Figure 4.13. For n=1 to
n=6, there are distinctive two values of time constant, it is used to
separate anomalous zone from non-anomalous zone. Time constant is of
20 seconds for anomalous value and about 5 seconds for background
value which is clearly shown in stacked profile of Figure 4.14. At some
points there are anomalously high and low peaks that is classified as
overshooting anomalous value. F igure 4.4(f) shows pseudosection plot
of time constant parameter, high time constant value covers over station
500 to station 2500 represented by red color and background value
represented by blue color. There is a very good relationship between
time constant and frequency dependent parameters, high time constant
with high frequency dependent and low time constant with low

frequency dependent.

4.5 Results of Khao Khi Nok graphite deposit

Induced polarization survey of this area was acquired with the
dipole-dipole array configuration of 10 meter dipole separation.
Transmitting time of the transmitter TSQ-3 is 2 seconds. Traverse line is
laid out in NW-SE direction. Survey station is allocated from station 7

150 to station 1000, with the total length of 850 meters.
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4.5.1 Conventional parameters

Apparent resistivity profiles are plotted in Figure 4.15, the
anomalous zone is defined by its lower magnitude than the vicinity, that
zone locate about station 250 of 10 ohm-meter resistivity and about
station 450 with very low resistivity, not exceed 5 ohm-meter.
Background level of this area is quite flat and is located from station 600
to station 1000, its value is about 100 ohm-meter. It clearly shows the
anomalous zone in the stacked profile plot in Figure 4.16. It should be
noted that the stacked profile of the anomalous zone has not the same
value of the apparent resistivity that mean it has variation in grain size or
there is some other mixture of a conductive mineral present. Whereas,
the non-anomalous zone has change in its resistivity with depth which
implies that it is the resistivity of the layered earth. Pseudosection plot
of the apparent resistivity is shown in Figure 4.17(a), the anomalous
zone is represented by blue color is distinctly shown at left side of the
section whereas the non-anomalous zone is represented by red to pink

color located from center to right side of the survey line.

-

Apparent chargeability profiles are plotted in Figure 4.18. From
the figure, the apparent chargeability has magnitude of 5 millivolts per
volt about station 220 from the pseudodepth of n=1 to n=4. From station
400 to station 500, the apparent chargeability is very high and there is an
abruptly change in magnitude at station 460, from the pseudodepth of
n=5 to n=6. From stacked profile plot in Figure 4.19, the anomalous
zone can be identified about station 250 and station 450. Highest

magnitude is located at station 450 at pseudodepth n=4. Background




66

‘Kyansisal yussedde mo[ Jo puax o) ale seup| pijog “uonesedas sjodIp Isjeur Jo Aeire o[odip-orodi(y
sodap syyders yoN 193 oryy Jo A11ansisas justedde Jo jod 9[IJ01J S|y 2In31,]

wonwg
0001 056 006 oss oog 0L  00L  0S9 009 0ss o0s  osw cor  ost 00E  osT o0t ost
o=t o .
ol ,W
- 001 m.
0001
c=ut
=t L
=11 1

T=u




67

‘uonetedss ajodip 1930w ()] Jo Aeire srodip-orodi(i(y
nsodop apyderd yoN 1] oryy Jo Ayansisar justedde Jo jo1d eyyoud pexorls 91y 2anSiyg

uonels
0011 0001 006 008 004 009 005 00v 00e 00¢ 0ol

!
|
1

|
!
T

i
]
T

ol

:
!
apniudeIy

00}~ = = 01
OOO L \H;WI - - == zZ Z =Z = = - - = =- == = 1.m.... ‘W N SN = 2D = =4\ = )3z == =Z =ZZ = = OOO L

e =l G=U —s— p=U €=U 7=U —e—]=U puegda]



e 0l N N e

‘nsodap anydesd yon 1y oeyy jo 101d suonossopnasd Ajansisal xo[dwos pue [BUONUAALOY /] 2INT1]

(Pl

)

-
A
-
(RAEE R

68

i)

[RARERY

LITITI

(9}

iITITY

Il

(2}

ATrINY

QD& (4 4 (18 i DEw Al ooz

1010) [e1aul (2) ‘Ajiqeadieyd juaiedde (q) ‘Anansisad juaaedde (v) saojauieled [puonudAUO)



69

‘Aiiqesdieyo Juoredde Sy jo puam oY) st aul] prjog “uoneiedes sjodip 1030w ] Jo AeLre arodrp-ejodi(y
. ‘usodep enyders doN iy oeyy jo Anjiqesdreyd juaredde jo jord s[goiq 814 ISy

uonelg

elolad] 056 006 ose 0og 0sL 004 059 009 oss ost

i
e
prumBga




‘uonetedss s1odip 1939w (] Jo Aere sjodip-sjodi(]
‘1sodap o11ydess YoN 1y oy Jo Anjiqeadieys juaredde Jo jord ofryoid poyorlg 614 enSig

70

ol

¢l

1[4

g¢

ot

St

uoneis »

00LL : 0oL
0
g

y 0l

- - &l oWu

| -4 g
0 g

1. . _ s [¢]
T4

- o

- - A - 1

e Q= C=U np p=ll €=U —o—7=U —w—]=U PpuUIIO]




71

- value is clearly observed and quite smooth with value about 2.5
millivolts per volt. Then, pseudosection is plotted in Figure 4.17(b)

which shows these two anomalous zone.

Metal factor profiles are shown in Figure 4.20, there is a strong
correlation of the metal factor with the apparent resistivity and the
apparent chargeability, it has high magnitude at the pseudodepth of n=3
to n=6 which highest at pseudodepth n=4. Figure 4.21 shows stacked
profile of the metal factor which has high magnitude about station 250
and very high about station 450. But in Figure 4.17(c), the anomaly can

be located at the left portion of the survey line, about station 440.
4.5.2 Complex resistivity parameters

Chargeability profiles are shown in Figure 4.22, it shows a
strongly influence of this parameter with depth, from n=3 to n=6. For
n=1 and n=2, the chargeability is quite flat. Stacked profile is shown in
Figure 4.23, a background value is about 50. It cannot locate an
anomalous zone from this parameter because of non-uniformity of shape
of the profiles. Pseudosection plot in Figure 4.17(d) shows$ an

ambiguous zone which is located close to station 250.

Frequency dependent profiles are plotted in Figure 4.24. For n=1
- and n=2, the shallower, it has uniform value of about 0. 2, but from n=3
to n=6 there is strong variation. It appears that there is an
electromagnetic coupling indicated by high value of frequency
dependent parameter. Figure 4.25 shows clearly stacked profile of
strong noise interference which increases frequency dependent value up

to 0. 9, this means that there is a strong variation in grain size with depth.
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Pseudosection plot in Figure 4.17(e) shows an anomalous zone from

station 250 to station 450.

Time constant profiles are plotted in Figure 4.26. For n=1 to n=2,
it has high time constant value cover both anomalous zones, from station
230 to station 480. There is some value of the time constant which is
more steeply higher than the vicinity. This vale is not defined as an
anomaly because the magnitude is not continuously change. From a
stacked profile plot in Figure 4.27, the time constant in the anomalous
zone is about 20 milliseconds and a background value is lower than 10
milliseconds. Pseudosection plot of the time constant is shown in Figure
4.17(f), there is very good relationship of high frequency dependent and

high value of time constant.

4.6 Results of Pong Nok Gaew clay deposit

Induced polarization data is selected from dipole-dipole array
configuration of 10 meter dipole separation. Transmitting time of a
transmitter is of 2 seconds. A traverse line is allocated in E-W direction

from station 0 to station 800, with total length of 800 meters. .
4.6.1 Conventional parameters

Apparent resistivity profiles are shown in Figure 4.28, for n=1 it
clearly shows an anomalous zone at the center of a survey line, closed to
station 400, with very low apparent resistivity value of about 1 ohm-
meter. For n=2 to n=4, the anomalous zone gave very low apparent
resistivity value and increases up at n=5 and n=6. At the left portion of
the anomalous zone, a background value increases with depth that is

indicated the apparent resistivity of a non-anomalous zone. Stacked
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profile plot in Figure 4.29 shows the anomalous zone at station 420,
resistivity value is decreased with depth that means conductive body
located at great depth. At station 60, 210, and 600, apparent resistivity
value seem not change considerably, that like the other low resistivity
zones. Background value is about 100 ohm-meter at depth n=1 and
increases up to almost 1000 ohm-meter at depth n=6. In pseudosection
plot in Figure 4.30(a) there is a strong low resistivity zone located at the

center of the survey line represents by blue color.

Apparent chargeability profiles are shown in Figure 4.31, an
anomalous zone is allocated in three zones. Thick solid lines are drawn
to track these anomalous zones. At station 60 and station 230, apparent
chargeability value is reached 40 millivolts per volt. While station 430
has very high apparent chargeability, reaching 160 millivolts per volt.
Stacked profile plot in Figure 4.32 shows the whole three anomalous
zones which has the apparent chargeability value increases with the
depth that means a source of the polarization effect is come from the
great depth. Figure 4.30(b) shows a pseudosection of the apparent
chargeability which is very high magnitude at the center of the survey

line that correlates well with the apparent resistivity value.

Metal factor profiles are plotted in Figure 4.33, it can be seen that
at station 420 metal factor value increases with depth and reaches the
maximum at the depth of n=4. This can identify that an anomalous body
located below station 450 with shallow depth. In Figure 4.34 stacked
profile shows quite good location of the anomalous zone. Pseudosection

of this parameter shows in Figure 4.30(c) indicates the anomalous zone
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Dipole-dipole array of 10 meter dipole separation. Solid lines are the trend of high apparent chargeability.
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that correlates well with both the apparent resistivity and the apparent

chargeability values.
4.6.2 Complex resistivity parameters

Chargeability profiles are plotted in Figure 4.35 and its stacked
profile is plotted in Figure 4.36. For n=1, this parameter shows more
smoother profiles than the other pseudodepth. Pseudosection is plotted
in Figure 4.30(d), it shows high value in three distinctive zone about

station 360 to station 600.

Frequency dependent profiles are plotted in Figure 4.37 and its
stacked profile is plotted in Figure 4.38. It has uniform value in
background zone below station 250 with 0.4 in magnitude. In an
anomalous zone, from station 300 to station 450, the value is between
0.2 to 0.5, with an average value 0.34. In the right portion this parameter
has strong variation that cannot identify the anomalous zone.
Pseudosection is plotted in Figure 4.30(e) that shows high value in left

portion.

Time constant profiles are plotted in Figure 4.39, it shows that a
background value is very low, not exceed 10 milliseconds. At an
anomalous zone, the time constant is very high but it is not continuous in
the vicinity. Generally, the time constant value of 20 milliseconds is
distributed over this survey line. By this reason, it is very difficult to use
this parameter to locate the anomalous zone. From pseudo-depth of n=5
and n=6, there are many strong influences that manifest itself
discontinuously. Stacked profile of time constant is shown in Figure

4.40, it can be seen that a background value is lower than 10
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Figure 5.35 Profile plot of chargeability of Pong Nok Gaew clays deposit.

Dipole-dipole array of 10 meter dipole separation.
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Figure 5.37 Profile plot of frequency dependent of Pong Nok Gaew clays deposit.

Dipole-dipole array of 10 meter dipole separation.
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Dipole-dipole array of 10 meter dipole separation.
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milliseconds and the anomalous zone has high time constant over 20
milliseconds. Figure 4.30(f) shows a pseudosection plot of the time

constant that is not meaningful in case of locating the anomalous zone.

Table 4.3, 4.4, and 4.5 show surnmarization of those three areas.

4.7 Decay curve characteristics

This section present how the induced polarization response of the
ground behave under impressed external force. Decay characteristic of
each mineralization shown in anomalous and non-anomalous decay
curves. Furthermore, an effect of survey parameter will be presented due

to comparison of responding result in spite of further analysis.
4.7.1 Anomalous and non-anomalous decay curves

Decay curves of each mineral deposit are plotted to obtain shape
and magnitude of them. Decay curves of anomalous and non-anomalous
zone are selected from point which completely decay shape, noise free
data. Decay curves are plotted first separate each mineral to individually

observe and plotted together to separate each mineral.
4.7.1.1 Mae Chong sulphide deposit

Non-anomalous decay curves are shown in Figure 4.41 (lower).
Non-anomalous zone is selected from area of high apparent resistivity
(refer to resistivity stacked profile) and low apparent ehargeability (refer
to chargeability stacked profile). Decay curves of this zone have low
magnitude at the early time and have nearly the same magnitude at the

later time. The analysis intends at the early time rather than late time.
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Table 4.3 Summary of sulphide mineralization.

Parameter Background Anomaly
Apparent resistivity over 100 (highest 180) | below 100 (lowest 2)
Apparent chargeability about 5 over 5 (highest 107)

Metal factor

low (about 0)

high (max. 62,000)

Frequency dependent 0.23 0.33
Time constant 5 20
Table 4.4 Summary of graphite mineralization.
Parameter Background Anomaly
Apparent resistivity over 30 (highest 250) | below 10 (lowest 1)
Apparent chargeability below 5 over 5 (highest 32)
Metal factor low (about 0) high (max. 15,000)
Frequency dependent 0.23 0.33
Time constant 5 20
Table 4.5 Summary of clay mineralization.
Parameter Background Anomaly
Apparent resistivity over 10 (highest 100) | below 10 (lowest ~0)

Apparent chargeability 5 | over 10 (highest 160)
Metal factor low high
Frequency dependent 0.23 (0.33) and 0.63
Time constant below 5 (20) over up to 150

Note: value in parenthesis is found but not located as anomalous zone
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The magnitude for non-anomalous decay curve is from about 10

millivolts per volt up to, not exceed, 35 millivolts per volt.

Anomalous zone is selected from area of low apparent resistivity
and high apparent chargeability. Decay curves of this anomalous zone is
shown in Figure 4.41 (upper), the magnitude of decay curve in early
portion is very high compare to non-anomalous zone even in late
portion. It can be easily separated out an anomalous zone from a non-

anomalous zone by shape of the decay curve.

Figure 4.42 shows a combined decay curve plot of an anomalous,
non-anomalous, and overshoot anomalous zones. It can be easily
observed from the figure that the non-anomalous zone have very low
amplitude, called a background value that is not exceed 50 milliseconds
and have similar in shape. Anomalous decay curves have strongly high
amplitude and change in the early time of their decay curve with the

‘magnitude from 100 up to 300 milliseconds.
4.7.1.2 Khao Khi Nok graphite deposit

Decay curves of non-anomalous zone are shown in Figure 4.43
(lower), shape of the decay curve is quite uniform and has nearly the
same magnitude. Magnitude of the non-anomalous decay curve is very

low, not exceed 20 millivolts per volt.

In an anomalous zone, the decay curves are shown in Figure 4.43
(upper). It can be clearly observed that, in the early portion, there is very
strong negative electromagnetic coupling. Refer to the apparent
chafgeability plotting, topic 4.4.3, it is only negative induced

polarization effect.
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-Figure 4.44 shows a combine plot of the non-anomalous and the -

anomalous decay curves that can be separated each other by this plot.
4.7.1.3 Pong Nok Gaew clay deposit

Decay curves of a non-anomalous zone are shown in Figure 4.45
(lower). Shape of the decay curve is highly uniform with the change in

magnitude not exceeds 40 millivolts per volt.

Decay curve of the anomalous zone are plotted in Figure 4.45
(upper). The magnitude of this zone is very high compare with the non-
.anomalous zone and there is some curve interferes by noise at the early
time. Anomalous decay curve has the magnitude three time higher than

the background decay curve in the early time.

Figure 4.46 shows a combine plot of these three kinds of decay
curve. From the combined plot, the anomalous decay curves can be

distinguished from the background decay curves.
4.7.1.4 Summary

Figure 4.47 shows combined plot of the non-anomalous zone and

the anomalous zone of sulphide, graphite, and clay in the study areas.

It shows that graphite has lowest background value than clay and
sulphide is the highest background value. Background value of these

minerals are not exceed 50 millivolts per volt.

In an anomaly portion, the upper part, sulphide still has the highest
magnitude more than the other two. Decay curve of sulphide nearly
uniform compare which of clay. Moreover, graphite decay curve has the

lowest magnitude and rather uniform in shape and magnitude than clay.
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So that it can be concluded that sulphide and graphite has the uniform
shape of decay curve and has distinctive magnitude that separate them
out. While clay has strong variation in its shape of decay curve and also
has strong variation in its m.agnitude. Decay curve of clay overlays

between the decay curve of sulphide and graphite.
4.7.2 Effect of survey parameter on decay curve

Induced polarization data of Khao Khi Nok and Pong Nok Gaew
were acquired with various parameters, except for Mae Chong where has
only a single set of data. By this benefit, we can classified them into
three groups of survey parameter as: (1) array configuration, (2) dipole

separation, and (3) transmitting time duration of transmitter.

In this study, two kinds of array configuration are chosen because
of their wide-spread used in the mineral exploration, there are pole-
dipole and dipole-dipole arrays. Dipole separation of 10, 20, and 40
meters are selected because it can operate easily during the surveys
operation. Last, transmitting time of the transmitter is chosen with 2
seconds and 4 seconds, generally use 2 seconds rather than 4 seconds
because of the benefit of shorter time operation in each survey line. So

that it can derives an effect of those parameter as the following section.
4.7.2.1 Effect of array configuration

This section attempts to find out an effect of array configuration
with shape of a decay curve. Theoretically, the pole-dipole and the
dipole-dipole arrays are different in the measurement of an electric field
over the ground. By this reason, it seems that the decay curve should be

different in magnitude rather than its shape.
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Figure 4.48 shows the relationship of the pole-dipole and the
dipole-dipole arrays of dipole separation 40 meters at Khao Khi Nok
graphite deposit. Both array configurations are surveyed with 2 seconds
transmitting time. Black solid lines represent decay curve of the pole-
dipole array and blue solid lines represent the dipole-dipole array. The
decay curves of both atrays are quite similar in their shape. This figure
points out that the change in array configuration is less effective on

shape of the decay curve.

It can be summarized that the array configuration of the pole-
dipole and the dipole-dipole arrays gave similar shape of the responded

decay curve.
4.7.2.2 Effect of dipole separation

In fact, the change in dipole separation means that the depth of
investigation is changed, so that this effect should not be involved with
the decay curve characteristics. However, this ‘section attempts to
observe the change in decay shape of a different array size by neglecting

its skin depth. -

Figure 4.49 shows the comparison of different dipole separation,
the dipole separation are of 10 meter (black color) and 20 meter (blue
color). The decay curves are selected form Khao Khi Nok graphite
deposit. The array configuration is the pole-dipole array configuration.
The figure shows that decay shape of both 10 meters and 20 meters

dipole separation is quite similar.
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It can be summarized that the change in dipole separation is not
affect too much on decay shape but it seems that the magnpitude of the

decay curve changed only at the early time interval.
4.7.2.3 Effect of transmitting time duration

From the theory of induced polarization effect, time duration of
emitted current seem to be a major source of measured potential. While
short transmitting time is applied, a polarization effect cannot be
completely established since the measured potential should be lower

than an applying of long transmitting time duration.

Figure 4.50 shows the relationship of decay shape and transmitting
time duration. Black solid lines represent the dipole-dipole array of 10
meters dipole separation and blue solid lines represent the dipole-dipole
array with 20 meters dipole separation. Both set of decay curves are of 2
seconds transmitting time duration. Red solid lines represent the pole-
dipole array of 10 meters dipole separation and pink solid lines represent
the pole-dipole array of 20 meters dipole separation. Both sets are of 4
seconds transmitting time duration. From the figure, it can be observed
the differences in decay shape while the transmitting time duration is

changed.

It can be summarized that length of transmittingr time give
different shape of decay curve. The magnitude of the decay curve

slowly decreases whereas the transmitting time is longer.
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4.7.2.4 Summary

It can be concluded that the decay curve of each minerals differ
with slightly variation. It may be occurs from the variation in grain size
of mineral and percent of mineral accumulation. The effect of different
array used in the prospecting and the effect of changing dipole
separation are not influence on shape of decay curve. In case of
transmitting time duration, this parameter has strongly effect on shape of
the decay curve, while increases transmitting time duration the decay
curve slowly decrease in the later. Thus it should be noted that if time
constant of decay curve is used in order for the purpose of mineral
discrimination, i.e. Pelfon et. al. (1978), the data must be acquired by the

same survey parameter.

4.8 Relationship of resistivity and chargeability parameters

This section attempts to generalize the relationship between
apparent resistivity and apparent chargeability parameters of those three
- mineralizations. -In spite of the relationship of decay characteristic that
varies considerably in apparent chargeability more than that of apparent
resistivity. Thus, their relationship should be differentiate in term of the
apparent chargeability rather than the apparent resistivity. Subsequently,

this relationship might be one of localize characteristic of each

mineralization, individually.

By plotting apparent resistivity, p, in x-axis and apparent
chargeability, 3, in y-axis, the relationship of these parameters can be
obtained by drawing a trend line overlays a plot. By observing the

characteristic of the apparent chargeability and the apparent resistivity,
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in both anomalous zone and non-anomalous zone, their relationship can
be represented by the negative linear relationship. So that the trend line
is generated by M = ap + b, the linear relationship formula. The
examples of the plot are shown in Figure 4.51, 4.52, and 4.53 for the
pseudodepth of n=1 of Mae Chong, Khao Khi Nok, and Pong Nok Gaew

areas, respectively.

The linear trend line parameters, a and 5, are calculated separately
with each n-pseudodepth and, moreover, separated in each time slice of
the decay curve. Consequently, those parameters can be summarized in
Table 4.6 for Mae Chong area, in Table 4.7 for Khao Khi Nok area, and
in Table 4.8 for Pong Nok Gaew area.

Thereafter, both a and b parameters of every n-pseudodepth are
separately plotted for three mineralizations. These parameters are
plotted in Figure 4.54 for Mae Chong, in Figure 4.55 for Khao Khi Nok,
and in Figure 4.56 for Pong Nok Gaew.

Summary

For Mae Chong area, it can be observed that, for slice 1 to 10,
there is a good relationship of the apparent resistivity and the apparent
chargeability. ~ At low apparent resistivity zone, the apparent
chargeability is strongly high, meanwhile, beside that zone this
parameter are uniformly low. The anomalous zone can be identified by
the apparent resistivity value lower than about 100 chm-meter that there
is more higher apparent chargeability value. While the non-anomalous
zone is identified by the apparent resistivity higher than 100 ohm-meter,

the apparent chargeability is not changed significantly.
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Figure 4.51 Graphs of apparent resistivity and apparent chargeability for
n=1 of Mae Chong sulphide deposit.

Plots are of slice (a) 1st, (b) 2nd , (¢) 3rd, (d) 4th , (&) 5th,
(1) 6th, (g) 7th, (h) 8th, (i) 9th , and (j) 10th.
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Figure 4.52 Graphs of apparent resistivity and apparent chargeability for

n=1 of Khao Khi Nok graphite deposit.
Plots are of slice (a) 1st, (b) 2nd , (c) 3rd , (d) 4th , (e) 5th,
(f) 6th, () 7th, (h) 8th, (i) 9th, and (j) 10th.
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Figure 4.53 Graphs of apparent resistivity and apparent chargeability for
n=1 of Mae Chong sulphide deposit.

Plots are of slice (a) 1st, (b) 2nd , (c) 3rd , (d) 4th, (e) 5th,
(f) 6th, (g) 7th , (h) 8th, (i) 9th, and (j) 10th.
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For Khao Khi Nok area, both parameters, a and b, are uniformly
distribute throughout this study area. It is distinctly differ from Mae
Chong and Pong Nok Gaew areas in case of the distribution of those
parameter. The anomalous zone cannot identify from non-anomalous
zone by this relationship because there is not a contact point, the

magnitude is abruptly changed, that separate such two zones apart.

For Pong Nok Gaew area, this area has nearly the same
relationship with Mae Chong area. The lower apparent resistivity of
about 5 ohm-meter is steeply changed with the high apparent
chargeability. In contrary, the more higher apparent resistivity than 5
ohm-meter is not considerably changed with the low apparent
chargeability. However, in the later slice, this relationship can be
observed separately. The anomalous zone is the zone of low apparent
resistivity, lower than 5 ohm-meter, that comprises with the increased
apparent chargeability. In the other hand, the non-anomalous zone is the
high apparent resistivity zone that has not changed significantly in the

apparent chargeability and the apparent resistivity.

-

In case of parameter g, the slope of Mae Chong sulphide deposit is
about) 0.003 to 0.006 millisiemens with an average value of 0.004
millisiemens . While the slope of Khao Khi Nok graphite deposit is
about 0.007 to 0.010 millisiemens with average value of 0.008
millisiemens . Whereas the slope of Pong Nok Gaew clay deposit is
about 0.340 to 0.229 millisiemens with average value of 0.205

millisiemens .
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For parameter b, the slope of Mae Chong sulphide deposit is about
-4.924 to -6.553 millivolts per volt with an average value of -5.816
millivolts per volt . While the slope of Khao Khi Nok graphite deposit is
about -1.351 to -2.033 millivolts per volt with average value of -1.762
millivolts per volt . Whereas the slope of Pong Nok Gaew clay deposit
is about -2.391 to -10.695 millivolts per volt with an average value of -

7.831 millivolts per volt .

4.9 Conclusion of results

This part summarizes the result of analyzing technique and its
efficiency when applied to the other areas that might be related in the

geological conditions. It can be concluded herein as:

(1) Sulphide mineralization gave high responses in magnitude of
an apparent chargeability, more than 5 up to 107 millivolts per volt, with
low apparent resistivity, below 100 down to 2 ohm-meter. Metal factor
in an anomalous zone is highest at 62,000. In case of Cole-Cole
parameter, a chargeability (44) is not meaningful throughout this study
area. While ffequency dependent is about 0.23 for background- and
about 0.33 for anomalous zone. Time constant is about 5 milliseconds

for a background value and about 20 milliseconds for an anomalous

Z0ne.

(2) Graphite mineralization gave low responses in a magnitude of
an apparent chargeability due to its low apparent resistivity. Electrical
charges which accumulate at each end of mineral grain while current on-
time will be discharged when electric current cbrrupted, graphite has

very low resistivity so that the electrical charges can migrate rapidly
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through its grain. An apparent chargeability of graphite is more than 5
millivolts per volt and reach the maximum at 32 millivolts per volt
comprises with its low apparent resistivity that lower than S ohm-meter.
Meanwhile in the non-mineralized zone, the apparent chargeability is
lower than 10 millivolts per volt down to 1 millivolts per volt, whereas
the apparent resistivity is more higher than 30 ohm-meter up to 250
ohm-meter. The metal factor in the mineralized zone is risen up to
15,000. The frequency dependent is 0.23 for the non-mineralized zone
and 0.33 for the anomalous body. Then, the time constant is 5
milliseconds for the background and increases up to 20 milliseconds in

the mineralized zone.

(3) Clay mineralization gave high responses in the magnitude of
the apparent chargeability, nearly the same as of sulphide response.
Apparent chargeability in the anomalous zone is higher than 10
millivolts per volt up to 160 millivolts per volt comprises with low
apparent resistivity value, below 10 ohm-meter down to nearly 0 ohm-
meter. For the background value, the apparent chargeability is abgut 5
millivolts per volt with comprises of high apparent resistivity, higher
than 10 ohm-meter up to 100 ohm-meter. The metal factor of the
anomalous zone is strongly higher than background value, its value is
very ambiguous. Next, the frequency dependent in the mineralized zone
is about 0.35-0.5 whereas the background value is about 0.23. The time
constant for a background level is about 5 milliseconds and increases up
more higher in the mineralized zone, up to 20 milliseconds and
sometime rise up to 150 milliseconds, there is a strong variation for this

parameter.
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(4) For decay curve plot of those three mineralizations, it can be
observed that the non-anomalous decay curve of those minerals are quite
similar in their shape and also are not different considerably in their
magnitude. While the anomalous decay curve are significantly differ in
those three mineralization. Sulphide and graphite have a uniform
magnitude of the decay curve whereas clay has a strong variation in its

magnitude, range from graphite to sulphide.

(5) In case of survey parameters, it can be concluded that the
parameter influence on the decay characteristics is only the time duration
of the transmitter. Another survey parameters are less affect on decay

curve characteristics.

(6) The time constant of complex resistivity parameter that is
assumed to be the parameter which will be used in order to identify type

of mineral deposit cannot use in these three study areas.

(6) Meanwhile, the relationship of the apparent chargeability and
the apparent resistivity is rather clearly for the purpose of mineral
discrimination. Parameter g and b are clearly separated in each minerals.

Summary of an average value of both parameter, a and &, is as follow:

Minerals Parameter a Parameter b
Sulphide 4.0 microsiemens -5.816 millivoits/volt
- Graphite 8.0 microsiemens ~-1.762 millivolts/volt

Clay 206.0 microsiemens *©  -7.831 millivolts/volt
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The parameter a of sulphide is averaged about 4.0 microsiemens
lower than that of graphite 2 time and lower than that of clay about 50
time. Whereas, the parameter b of sulphide higher than that of graphite

about 3.3 times and lower than that of clay about 1.4 times.



