Chapter 6
Airborne Geophysical Result and Interpretation

6.1 Aeromagnetic result

In this thesis all airborne magnetic results are displayed as digital image maps.

They are total magnetic intensity map, residual magnetic intensity map, reduction to the

a base level of the map+is -4.25 nT. Local variations of fieid intensity exceed 500 nT in

the eastern part ﬁaﬂ»ﬁ-ﬁ ﬁ ﬁw %!Wgﬂﬁgﬁmhwestem parts.
B 1127000y i 01 e

contrasting in magnetic responses and features. From the east, there exists the high
magnetic intensity zone clearly visible on the enhanced map, such as in Nam Som
districts. It is likely that the small narrow band with the highest portion orients in the
northwest-southeast direction and is located in the western part of Suwan Khuha district.
The most prominent low magnetic intensity is in the central part between Na Duang and
Pak Chom districts and tends to continue northward to the Pak Chom district and Lao

PDR.
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Within this zone, there are series of the elongated and relatively higher magnetic
intensities trending in the northwest-southeast direction. Additionally, the boundary
between the central zone and the eastern zone is displayed by the fairly sharp magnetic
contrast as clearly observed at Ban Bun Tan and Ban Khok in Suwan Khuha district. To
the west, the zone is characterized by groups of strong, positive, roughly circular

anomalies (approximately 2 km in diameter) located in the southern part as seen in

areas around Maung Loei and W. g districts whereas in the north it is
represented by the large circ ' }rage diameter of about 10 km at
#

Ban That in Chiang Khan distrigts <

Both RTP (Fig. 6.3

T —

aps display similar magnetic

features, but more signifi agnetic intensity map. Such

enhancements lead t undaries. Three magnetic

zones as well as geolo wn in the residual magnetic

map are quite more distin signal maps. In the eastern zone,

"W‘O‘r 00 nT:An
e

the intensities usually range from estern zone, the intensities vary

netic intensities from O to 50 nT are
clearly observed in th ak Chom To Na.Duang districts. The RTP

m X

-- ne with the average peak to

ese high anomalies are oriente in the north-south trend with
¢ o .Y _

the total length ﬁﬂtg I«g fw ﬁlﬂlj E?’Tﬁ‘; The western edge of
y ent in the north

this anomaly is marked a sharp magnetic gradi west-southeast trend

map shows the highes

peak at about 700 nT.

extendingyf 91 . istrcts- 7U u province. In
the we;av one, :@ﬂﬂlﬁomaﬂﬁrﬂaw;&lﬁ :Ela Li district is
also distinct. The analytic signal image shows the marked narrow zone between the
eastern and central parts better than those of the previously described images.
However, there exist some sparely distributed narrow zones, immediately south of Pak

Chom which show rather high magnetic intensities. It should be emphasized that the

boundary contrast within individual zones are quite clear.
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Two kinds of derivative maps are applied in this paper. They are the first vertical
derivative (Fig. 6.5) and the second derivative (Fig. 6.6) maps following RTP filtering. By
applying automatic gain control, both derivative maps reveal significant magnetic
patterns such as linear structures or lineaments. The unit or zone boundaries are quite
clear when using the first vertical derivative (Fig. 6.5). Major folded structures in the
central zone and a large intrusion body are distinct. As shown in Fig. 6.5, it is quite clear

that linear patterné are more prominent in the east than those in the central and western

parts, and most of the northwest 'li are crossed-cut by the northeast

lineaments. Good examples a ' “hom district and Ban Nam Song,

defined, this kind of enhanc : display-the well-defined boundaries of the
eastern, central, and wes ‘ v ced maps can illustrate the
similar lineament pattern.

The difference i hanced magnetic zones as
displayed by directional 6.7, when filter rejection was
applied to the total magneti | the enhanced may displays the
prominent lineaments close to tbé_?@ hidirection. On the other hand, when a pass
direction was used : a directional cosine filter in the r 1ap, the northwest-southeast

')
lineament (Fig. 6.8) paﬂ is C

ose of the other maps and
there are few north-soutli features. Good examples are af am Som and Suwan Khuha
[ ]

districts. The ccﬂnﬂ li ar %’ his direction seem to
cross-cut three rqlonal magnetic zones earher mer?n'clnmznel -defined examples are
Muang sﬁ nﬁg thwest of Pak
Chom bismbfa‘mjmg]ﬁ ?szbl EI as illustrated

in Figs.6.5 and 6.6. The result shown in these maps clearly indicates that most of the

northwest-trending lineaments are cross-cut by the northeast lineaments, such as those

found in south of Pak Chom district (see Fig.6.5).

The upward continuation maps (Figs. 6.9, 6.10 and 6.11) show the high

magnetic anomalies varying in geometry and locations at different depth. Low magnetic
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Figure 6.5 Aeromagnetic survey map of the Loei area showing

first vertical derivative with automatic gain control image.
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Figure 6.6 Aeromagnetic survey map of the Loei area showing

second vertical derivative with automatic gain control image.

2000000mN

9B 0000mN

g50000mN

B 17 41001 0]77)

72



1800 -

1745~

1730~

10f 30 0 10fo0 10215
___B40000mE

7nnnrnnn%
<
\
2000000mN

-46.2 -18.0 -8.0 T56™1.5 23.8 g

1980000mN
a
-
3
i

10 0 § 5

RN TTTER0000mN T 18B0000mN

o1940000MN___ 1260000
i
il

B20000/mN 184

1820000mN
L

:

e AR
RIANTUUNINYAE

Figure 6.7 Aeromagnetic survey map of the Loei area showing total magnetic

intensity map with directional cosine filter allowing a north-south direction.
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Figure 6.8 Aeromagnetic survey map of the Loei area showing total magnetic
intensity map with directional cosine filter a northwest-southeast direction using

pass direction.
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Figure 6.9 Aeromagnetic survey map of the Loei area showing upward

continuation images using the different distance from the ground level 500 m.
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Figure 6.10 Aeromagnetic survey map of the Loei area showing upward

continuation images using the different distance from the ground level 1,000 m.
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Figure 6.11 Aeromagnetic survey map of the Loei area showing upward

continuation images using the different distance from the ground level 3,000 m.
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anomalies are found only in the northern part of the study area, such as east of Tha Li
and south of Pak Chom districts. Three unit boundaries can be observed well from the
RTP map (Fig. 6.3). However the folded structure in areas between Wang Saphung and
Na Duang are less clear, and much obliterated fairly when using upward continuation
from the depths of 500 m (Fig. 6.9), 1,000 m (Fig. 6.10), and 3,000 m (Fig. 6.11). This
loss of short wavelength content is to be expected. Additionally, the folded structures to

the south of the Pak Chom area are not clear when applying upward continuation from

¥
In order to interpret g pw__ [a ble and more accurately, in this
study we integrated the process 0 data with the other data. They are

6.2.1 Airborne elmlro
¢ o Q/ |
Aimorne%uﬂgicnﬂmﬁawﬂg ﬂnimentary to magnetic

data in terrains, enabl;njgc more preéise location<and redefinitionéf the geological
n

structureaqvag’nl a ﬁ jogueu ugllagﬁevc] %Lqraiﬂudy. the AEM

data are presented as digital image maps. Good samples of data processing using the

magnetic (AEM

ER Mapper are shown in Fig 6.12 and 6.13, respectively, applying 912 Hz of the inphase
and quadrature components to AEM data. The red color represents the high conductor,
which mostly corresponds to the weak zone, consisting of water and clay and area of
rivers and streams in a valley. This image is useful for identifying the continuous faults

that are not shown in aeromagnetic data.
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Figure 6.13 Airborne electromagnetic survey map of the Loei area showing

quadrature component responses at 912 Hz in coplanar configuration.

80



81

Conductivity along fault zones is believed to be caused by strongly weathered

bedrocks to clay and/or graphite formed along fault zones.

In Fig. 6.12, the folded structures can be observed quite well, particularly those
in the southern part of the study area between Maung Loei and Na Duang. Moreover, the
zone boundaries in the eastern, central, and western parts can also be easily visualized,

corresponding with these of the processed RTP map. Additiénally, the result also

become more obvious than th s ‘ﬂ

values at the same locatimydica‘ﬁ coﬂbodies. For most of EM data in

this area, quadrature values i D ,irpretation than the inphase

values, representing the co

indicates that the boundary between d central zones of the Loei study area

litude of inphase and quadrature

and stream valley. Goo - af : ei river. Some negative linear

features, especially in t t trend as clearly observed

at Nam Som and Suwa ture values particularly in the

eastern part are observed at' B 0 Tan - Klan shows abrupt decreasing

values that are inferred as tr: It is believed that differential

L j—

-

weathering along bedding planes 7‘% , valleys due to the dominant sources

3

for the EM conductor.

I ' m
Fig. 6.14 shows ;parent resistivity complied from the electromagnetic response

at the frequenc ; = : j’ ion. isyimage is converted to a
conductivity lm:ﬂrgﬁgmﬂﬁ ﬁﬂlﬂ; is displayed using a
color sc iths hi ivi rf i j I ive area as blue.
Lineameﬂ'mqoadﬁzﬁlﬁm .}lml mﬂj iﬂ due to the

difference in resistivity contrast, especially, the high resistivity of the sandy soil over the

granite intrusions at Ban That and Phu Mon.

The EM results show that the apparent resistivity map created from the
enhanced data are extremely valuable for geological mapping and interpretation, and
used for checking data integrity, particularly drift problems. Apparent resistivity in each

frequency is calculated from responses of inphase and quadrature values.
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Figure 6.14 Airborne electromagnetic survey map of the Loei area showing

apparent conductivity responses at 4,200 Hz in coplanar configuration.
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Noise is often a significant issue in AEM data, where signal to noise ratios can be
quite low, particularly over resistive terrains. Common noise sources are
electromagnetic, vibration, or movement of the EM bird. The two main types of non-
geological noises observed are individual spikes and lower amplitude, high-frequency

noise. For this study, non-linear filtering and the first vertical derivative filtering is applied

'ﬁ/y/noise, and to carry out leveling or drift
7Z,
'.‘ TE—

in the AEM data to remove the hig

correction, respectively.

) omposite color image or a
ternary map with combii i 7 obssi rerium (Th), uranium (U) given
as intensity of red, gre b ion \ ta have proved valuable in
mapping the stratigraphy "" * agnetic and non-magnetic rock units in
zoning within units such as granitoid
intrusion on a residual soil. Because radi fic @ata show only in the earth surface to

the depth of about 3Q-¢m. so the interpretation of radiome 2ific; data is mainly controlied
AT J

g

The te i ‘ﬁ smv i r d red to black colors
indicating the :@ﬁa‘hi ﬁ}j;mu. ’ mﬁ isponses are, to somc;,
extent, i ' ﬁ jica (Fig ,2.3)*Basically, the low
concenta;?;:fiaﬁﬁii fﬂﬁrltijllﬁ;ia Elk colors. It is

widely accepted that pattern of low contents of U and Th and high K contents are

by the topography of tf 4 are
l

characterized by red color. Those of the low content of K but high contents of U and Th
are characterized by green color. Additionally, those of medium contents of K, Th and U
are observed as brownish green color. It is clearly observed that the western part of the
Loei study area displays relatively milder colors than the central and eastern parts,

suggesting the less complicated geology and structures located south of Tha Li district,
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next to the western part of the study area show low radioactive values similar to those of
the south central part between Wang Saphung and Na Duang, which is mainly Late
Paleozoic rocks. However, unlike the Mesozoic strata, the late Paleozoic strata show
“drag “ folded structure, suggesting some kinds of subsequent tectonic disturbance.
The northwest- trending linear trends in the eastern part suggest the regional structure
and also follow the main topography. Similar folded structure found in the western part of

the study area in Suwan Khuha district is shown as oval-shaped trend in the ternary

map. This may represent the def ‘ ructure in the ultramafic rocks. Such

)‘ the gravity map (Fig. 6.17). ltis

. Qstic sequences is shown by

yellowish to greenish colo inear series trending in the

northwest-southeast directi very well with those of the
directional cosine filter total e g 6.7 and 6.8). In the eastern part such
as Ban Pak Chiang an . red to brown and violet to
pink are presented. The 50 radiometric responses are

equivalent to the original b

represented by the blugicolor with hi ontents ‘stch as at Ban Huai Sai and-

--4 grained clastic rocks that

Iogical map but are not confC

Ban Na Yung. These r '
|

correspond with the g ed well to the magnetic

. m}mﬁmm  ydm
ﬁl WA ﬂ‘ml u*wn 181 ﬂ ¢

In the southern part of the eastern zone, the responses are distinguished by
variable textures. Residual brownish blue-to-blue colors indicate most of high K, and
some Th and U contents associated with felsic volcanic rocks and some of sedimentary
rocks. The interesting radiometric response in this part is a narrow northwest trend of
the low K, Th and U contents shown as slightly black color in the westernmost part of the
eastern zone near Ban Bun Tan. This result is corresponded with the high magnetic

intensity indicated the characteristic of ultramafic volcanic rocks. Additionally, near this
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unit to the east, such as at Ban Khok, is the moderately high K, Th and U contents as
displayed by slightly white color. This result may indicate clayey earth on subdued
topography between the quartzite ridges formed by weathering of phyllitic and clastic

parent materials.

In the central part the brown to red colors indicate sedimentary rocks containing

high K concentration. Again this c:orresponds with the clay derived mostly form

weathering shale unit. In the south of t W reen to blue colors point to areas of
: \ 2 g light brown color. These results
correspond with the sedime | oc imestones with some granitic dykes
shown in the geological m ‘ i | the zone of volcanic basalt, it is

characterized by dark blow i I gh K ar contents.

The western part s € fere in the ternary map. The
radiometric result is repr K g high Th as in area of Ban
Pak Phu and Ban Na Bon. T
indicated silty and sandy du@ uvial

ferruginous material. The high Kr’fﬁrﬁad'y’ contents. show by a circular white color in-

elief topography, so the result

osit cemented or capped by

Ban That. This surely iadicates a granite intrusion covered by thin regolith or thick

)
saporites. The southwej :

radiometric elements as indicated by green, red and brown colors. This unit is in the

igh topograph tl o Ui i edrock, probabl
o e B T VTE I WETI Py = =

volcanic compositions.

AWBINTUUMINGIAY

In this study, essential map of the area used for geological interpretation,
particularly for radiometric interpretation is the digital elevation model (DEM,). The DEM
map (Fig. 6.16) is displayed as a color shade relief image, a red color indicated the high
topography, whereas a blue color represented flat or alluvium area. The DEM is useful to
integrate with the radiometric, magnetic and electromagnetic data for mineral

prospecting. Moreover, the DEM can be used for identifying the structures such as faults
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Figure 6.16 Digital elevation map (DEM) of the Loei study area
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and folds. Most of high topography areas are in the northern part of the area near Pak

Chom and Chiang Khan districts

6.2.4 Gravity result

A total of twelve gravity data points are used to construct the gravity map of the

Loei study area. Regional gravity data are commonly used to delineate the position of

As shown in Figs®. i’ area (red oolor), such as Suwan Khuha
and Nam Som districts, _' ay represent the rocks that
occurred in the deep crust c ‘ ' al land the western parts, though

display similar characteristic ‘. composition from the eastern part.

The green to blue colors repres;_ag 5755

he moderate and gravity values may
-l“-n";:" %y

indicate rocks orngma

6.2.5 Remote smsing resul m
Figure 6 ﬂ WQLM%J %‘i W H A Frch was selecteat by

visual examlnatlon to study the lineaments. Sincegthe image requested is prepared
otety oo Bl Fin S bl 1 oo o 1t ot o Loo
PDR. Thus the usefulness of this map is to describe the continuity of long lineaments

extending from NE Thailand to Lao PDR.

As shown in Fig. 6.19 and 6.20, when directional filter using sunlight direction in the
northeast and northwest directions was applied to the Landsat TM5 band 7, it is
observed that the main structures is shown clearly in the roughly north to north-

northwest trend. Three units (east, central, and west) are also divided. This linear feature
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Figure 6.17 Color gravity map of the Loei study area showing stations of gravity

measurements (green points).
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Figure 6.18 Landsat TM5 band 7 image covering the Loei study area.
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Figlire 6.19. Landsat TM 5 band 7 image with enhancement using the directional

filter in northeast-southwest direction.
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cross-cuts the direction of sunlight, so it was enhanced to get better picture than the

original image.

The selection for three TM bands for color display was made using a
combination of statistical investigation and visual inspection. In this study two false color

composite maps were applied by using compositions of Landsat TM5 band 741 and

well observed. Most roc ut some areas in southeast

part displayed the dar area of magmatic source.

Rivers and lakes are show!

plays well-defined geology for

northeast-trending lineaments are

also well defined. Tight folds in northwest part, especié in area of Nam Som and

e . .

Suwan Khuha ﬁnﬁ Efqoﬂﬁmﬂﬂlawr t. In the central area,
such as Phu Phqng a and Phu Khi Theo, the small circular feature near the dark
L ¢ £ .

W N e e N 2T e
shown in the bro yellow and ' r di at eas, particularly in

the southern part that may indicate areas of iron rich or volcanic rocks.
The principal component analysis (PCA) is performed using all of the 7 reflected

bands of Landsat TM5 data as shown in the Figure 6.23. This image is the principal color

composite consisting of red=PC1, green=PC2, and blue=PC3. It shows some degrees
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of discrimination between different lithologies. The western part shows the purple color
that possibly indicates andesite and granitic rocks. The metamorphic rocks in the
eastern part appear blue-green, which may be covered by forest areas. The limestone is

distinct in green color. The small circular features in the central of the area appear in

boundaries.

wine purple color. The areas covered by alluvium tend to be yellow, with uncertain
6.2.6 Magnetic suscepti

V///
A rock-sampling \\\ study area to determine the

magnetic susceptibility level / ops were chosen from the

existing geologic map to €ns at g m?‘, ere sampled. The locations of

AN

1") and measured the m@agnetic su% ility and density. The detail of sample
Kr‘ i 4
Bpioie

rock samples are show igh 6248 EaCF sut as cube shape (1"x 1" x

locations, rock types, magunetic Lﬁc

bilities | and densities were shown in
I aﬂ;:\' | .

Appendix Il

0 formed to the magnetic

AJ

etic susceptibilities of the Loet

Most magneti 3
susceptibilities from theTothe (1997) as shown in Fig

6.25. In general, the ml ocks conform fairly well to

those in the fun iﬁ If , 1986). Basically,
the magnetic su Epﬁlgfﬁ ﬁlﬂﬁ re f zr rjj flﬁ the felsic rocks have
values hi th ﬂj tibility of rock
samplesﬁ ﬁ}j é 3 ﬁ ﬁy m)‘i‘?ﬁﬂ}ﬁ ﬁé m this study
were mostly c_ollected at the surface outcrops, so magnetite contents in the rock

samples may be lost by weathering process.

6.2.6.1 Induced and remanent magnetization

Magnetized matter contains a distribution of microscopic magnetic moments.
Unpaired electron spins are the most important source of magnetic moment.

Magnetisation J is defined as the magnetic dipole moment per unit volume of material.
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Figure 6.24 Location of rock samples and field check area plotting in the geological map (MRDP, 1988 and Chairangsee el al., 1990).
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Induce magnetization (J,) is the component of magnetization produced in response to
an applied field. The induced magnetization varies with change in the applied field and
vanishes when the field removed. Remanent magnetization or remanence (Jg) is the
‘permanent’ magnetization that remains when the applied field is removed and is
essential unaffected by weak fields. The total magnetization is the vector sum of the

induced and remanent magnetization:

, J=J; -
For sufficiently wea &magneﬁzation is approximately

proportional to the appli ; @)portionality is known as the
susceptibility (k). Thus i [ ’ e

ed and the total magnetization

are given by:

The Koenigsber parameter for expressing the

relative importance of rem on. It is given by:

Fig. 6.25 plots ogserved susceptubshty ranges anﬂommon susceptibility rages

for .vanous rockgﬂﬂ ﬁ ﬁwﬁw E] KTTT?rger ratio found for a

variety of rock

AMBINIAAINIRY. ..

magnetization, due to slow cooling deep in crust. They are granite intrusion, gabbo, and
may be serpentinite. Rocks that do have remanent magnetization in the study area
would be basalt lava flow, rhyolite lava flow, very high-level granite intrusion, and may be

serpentinite body depended on depth of serpentinization.



100

Sl susceptibility
10 10 103 102 107! 10 10
A1 1aaal T e W E (] | (e S RSNV O W WYV ] YR (& W W W Y | § (O O W W (] ] N T |
MAGNETIC <8 > 100pm
MINERALS SDMO | Monoclinic pyrrhotite
IGNEOUS ROCKS

T
etie series -~ 5

r

VOLUME PERCENT MAGNETITE approx. |

0.1% |05%| 1% | 5% |10%| 20%

Figure 6.25 Observed and common susceptibility ranges of various minerals and rock

types (Clark,1997).
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For the modeling, the high magnetic body of granite and ultra mafic zone along
fault zone ( Loei Suture Zone) are applied for 3D modeling. Therefore, they are assumed
only induce magnetization. They also no exited rock sample taken to carry out
remanence, and would have had to collect over 100 samples to det a good

representation due to tectonic classification.

6.3 Geophysical interpretation

From the results of en ps, we were able to distinguish

the magnetic responses dug iffe;‘nc@tic susceptibilities, structures

and deformations of the ( the & mﬁzing geophysical domains

relies heavily on anomaly i i 0C oth of local surface and

Based on the results fr?.’?_gﬁﬁﬁ% nhanced image maps, we created a new
interpretation map as » own in Fig. 6 With such integraiion and interpretation, the

Loei study area is subdivided into th : ins on the bases of the

magnetic intensities and-features, namely eastern, central, and western domains. In

general, boundari f ‘?i i %’ incide-wi abrupt changes in
average magnet@ugl, nﬁmb tiﬁrﬁ:ilftjtiﬁs. Each domain was
subdivided. i ub-domai tgihj tizﬁ{ surface and
subsurfac’:é ﬁgﬁiﬁ j" ‘ ﬂﬁﬁiﬁiﬁﬁﬁ EJ the previous
section. The characteristics of individual sub-domains are described by comparing with

geological features (see Fig. 2.3).

6.3.1.1 Eastern domain

The eastern domain is the geophysical domain clearly trending in the almost

north-south direction. The sharp boundary between the eastern and central domains is
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regarded as the shear zone. This domain is chiefly composed of moderate to high
magnetic intensities of volcanic rocks. The very high magnetic intensity unit in the
southwestern part is indicated by ultramafic rocks. This rock unit is not shown in the
geological map (Fig. 2.3). We subdivided the eastern domain into four main sub-
domains (E1, E2, E3 and E4 sub-domains) based on the average magnetization and

structural styles and patterns.

The E1 sub-domain shows t nagnetic intensities and is located in the
southwestern to southern part e Suwan Khuha district. Our field
investigation and recentl Lﬁutthlya and Maopeth, 2001)

trend. Shear zones are the giai m an‘str monly exceeding 40 km in
length and lying in th v | ones are characterized by
overlapping lineaments ai ents. Structural geophysical
trends within the ultramafic e north and northwest trends.
shown curved and banded magnetic
patterns (Airo and Ruotonstenmadnf@) ?':.-. gbsenved in the southem part. A series of
synclines and anticlinesiwith the averag: th-of 10-km-hz e average axial plane in
the north -south direction..Two nort aults are also recognized in the

northern part of the E1 suf

o SHEAEN NN e
kMRl TOPT) ik 1011

tuff) and granite plutons mapped by Chairangsee et al., (1990). This sub-domain can be
distinguished from the E1 sub-domain by a sheared contact at depth, and a series of
ultramafic rocks are served as an apparent contact of the boundaries between E1 and
E2 sub-domains. To the southeastern boundary, the E2 sub-domain is connected with

the E4 sub-domain by a series of ultramafic rocks.
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The E3 sub-domain is located in the northeastern part of the domain to the east of
the E2 sub-domain. This sub-domain is dominated by the large circular feature of the
high magnetic unit (see Fig.6.3) with the north-trending linear structural trend. In the
geological map, this sub-domain is mapped as Late Mesozoic non-marine sedimentary
rocks of the Khorat group, which theoretically poses relatively low magnetization. The
contrast in the magnetic responses lead us to believe that there are some felsic to

intermediate intrusives underneath these overlain non-marine strata.

!M nd central parts of the domain,

1a. ﬂls wdlsplays moderate magnetic

tary rocks underlying the felsic

The E4 sub-domain is
between Nam Som and S
intensities. They are interpr

volcanic rocks of E2 sub-d ink ated by high magnetic unit, has the

magnetic shape, magr Atic
b
magnetic stocks.

e UET NYBANEINT, o e
Y WL Al b N il i

phyllite and quartzite were obviously affected by tectonic deformation and

metamorphism much more intensely than all other rocks in the Loei area. The second
oldest sedimentary rocks of Ban Nong Formation with the paleontological age of Silurian-
Devonian by using the evidence of several corals such as Heliolites sp, H. barrandei
(Sakagami and Nakornsri, 1987) and Favosite sp (Fontain et al., 1981). Thus the
metamorphic rocks were at least of middle Silurian in age (Chairangsee et al, 1390). This
sub-domain shows several long north to northwest-trending magnetic linear patterns

interpreted to indicate major faults almost parallel to a regional structure. These faults,
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up to 30 km long, identified clearly by the AEM image data because the extent of poorly
magnetized faults with similarly magnetized sedimentary rocks is difficult to determine
from the processed aeromagnetic data. To the south of the sub-domain, a series of AEM

zone occurs following the major fault trend.

To the west of the C1 sub-domain is the C2 sub-domain, which is dominated by

the low magnetic pattern with lineaments similar in patterns and styles to those of the C1

sub-domain. In the western part of. this 's ' domain, particularly north of Na Duang,
circular highs magnetic pre mably indicate n stocks. This sub-domain was
mapped as Carbomfero | see en e Wang Saphung Formation
(Chairangsee et al., 1990). -' ‘ omalies obsen/ed in the central part

were mapped as the felsig ce et al., 1990). As shown in

Fig.6.9, the boundary be gen I ’ \ ':; 1b-do mdlcated by the major thrust
fault whereas to the west, thg'nort rending ‘
pdas
Embedded into thefC2 ub—dgﬂ north-south direction is the C3

northeast-trending line e same trend and two small

i
thrust faults in the northa‘jzth direction.

The C4 aplérrgn’g mamycomposeﬂfﬁ'lw magn:;c mtensmes This sub-
domain mﬁcﬁﬁi :ﬂar—;vﬂa s of the Loei
Group (@ m 1‘3 tri ngzje field intensity

(Airo and Ruotoistenmark, 2000) shows a clearly defined lineament trend (see Fig.6.10)
as a curved shape interpreted to represent the large folded structure with a long
regional wavelength (Bunopas, 1992). The regional axial plane is in the northwest trend.
The boundary between the C2 and C4 sub-domains is represented by the thrust faults in

the northwest and northeast directions.
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6.3.1.3 Western domain

The western domain is essentially composed of moderate magnetization. This
domain was subdivided to three sub-domains (W1, W2 and W3 sub-domains) based on
high magnetic patterns and intensities. The boundary between the central and western

domains is indicated by the thrust fault in north-south direction.

The W1 sub-domain is indicated ' magnetization corresponding to

This sub-domain shows v he th direction similar to that of
the regional mapped u

The W2 sub-d jomain and shows a large
circular feature with hig main is characterized by the
northeast-trending major fa

The W3 sub-domain is ern part of the western domain. It
consists of moderate. ¢ on w ht linear pattern in the north-

L A - " —_———

south direction. This y‘:w o-Triassic felsic to mafic

volcanic rocks of mainlmandesitic composition (MRDP, maa) There are a few small

o FTE T B o3 1 T A
azmaﬂmzu NM’]’J e a g

Figs. 6.27 and 6.28 display lineaments of various patterns and styles have drawn
using the image manipulation Arcview software. The lineaments were interpreted from
visual hard copy images at scale 1:100,000 on the enhanced airborne geophysical data.
Geologic lineaments were superimposed afterward as a separate layer. Comparison of
the magnetic lineaments with the geologic lineaments shows that many of the magnetic

anomaly trends coincide very well with geologic contacts or inferred faults.
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The eastern domain is characterized by a rather irmegular pattern of magnetic
anomalies containing the long segments with the predominant north-south linear trend.
This belt was donated by the sharp, long, northwest-southeast lineaments conformable
with regional structures. These lineaments show the strike-slip fault motion indicated by
the displaced lineaments and some lineaments were interpreted as shear zone by high
magnetic units with the ‘S’ shaped features (Fig 6.28 (D)). The magnetic data also show

the small folds consisting of several discontinuous, dextrally ‘side-stepping lineaments

The central do
The prominent features , open and upright folds

dominated in both of the n uthern (C4 sub-domain) parts,

which are obvious in both m ese ‘ahd g
domain, the steeply-dipping and.@@q ded se

. In the northern part of C3 sub-

aentary strata are mapped within the

a-rathier/strong lineament pattern
X

D cross-cut .5.28(B)). In the southern part,
l

area with high magneti

along most of its lengt

the dominant northeasi-trending lineaments are cleaﬂy' isible and form large fold

= AULINININYINS
o e T DA T I AN o

between the metamorphic rocks and sedimentary strata of different ages. On the
contrary, from this study, no signature shows the magnetic contrast between the western
and eastern sides of this thrust fault boundary. From the processed aeromagnetic
interpretation, a consistent sharp and strong magnetic gradient are only observed at the
boundary between eastern and central domains which is far from the thrust fault in
geological map about 5 km to the eastern side. However, from the AEM data (see
Fig.6.12), the long lineament patterns of the high conductor at the same location suggest

the thrust fault as shown in Fig 6.27.
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To identify a thrust fault by using geophysical data, in general, seismic and
gravity data were commonly used for observing fault dippings. However, thrust fault can
be identified by using tectonic setting and geological structures. Fluijm and Marshake
(1997) described that the fault systems were common along the margins of convergent
plate tectonic and along the margins of collisional origins, and faults tend to compose

relay or parallel arrays. In addition, Airo and Ruotoistenmark (2000) discussed that thrust
): separated regions or geological blocks
& this study, thrusting which follows
the main deformation ste?og@ed Qminaﬁon of one deformation

style with regard to the adja

faults were typical geological boun

showing different deformatio

regions of higher or lower overall
magnetic field intensity w of large-scale fault zones or
thrust faults parallel to the smaller faults with the same
trend. Therefore, in thi based on the significance

of magnetic patterns ollow regional tectonic and

structures.
Fig. 6.27 shows five th 3, TF4, and TF5) interpreted based
on the processed aetothagnetic and electro netic maps 3 _,u hese faults mostly oriented

in the roughly north-to igh to moderately dipping

angle to the east. Thes€ faults range in length from 40 td 60 km. The TF1 with the total

length of 50 k S 1 mo | cﬁnarcated between the
eastern domainaj;e:m nﬂmﬂm n the western most part and
is a cunyvilin Ity ¢ t% ﬁijomain and the
westem(igng iﬁ imm:llt C‘IEE‘T:IW of the central

domain and conforming with the geological map (MRDP, 1987, Chairangsee et al.,
1990). The TF3 is located in the middle part of the central domain and separates a series
of small tight anticlinal structures in the eastern side (C2 and C3 sub-domains) and a
large open syncline fold in the west (C4 sub-domain). The TF4 (50 km long) is a thrust
faults separated a large open fold in C4 sub-domain, which is parallel to the axial-plane

strike and developed during fold.
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The small northeast-trending lineaments are dominated in the western domain
with the geophysical trend in the north-south direction. In Figs. 6.9 and 6.10, the
boundary between central and western domains is indicated by contrasting magnetic
patterns. The prominent structure of this domain is a large circular feature, which is
mapped as a granite intrusion. Additionally, this circular structure was cross-cut by the

northeast-trending lineaments probably indicated that the northeast lineaments are

younger age than the granite intrusion ( ”f/})

6.4 Magnetic modeling e q
\\
, We 3 e {o construct the geophysical

7 .
From the magnetic data i \\

P

amples in the Loei area as

shown in the appendix“ll. The cross-section for mod

because the maﬁ;ﬁﬁeﬁmﬂ W%’W EI s-Tﬁxﬁsouth direction.
B 5 TrosTiiey e ity g

L1950000N and L1920000N are selected for interpretation (Fig. 6.30). In the western

g is in east-west direction

side of the study area (at 790000E-800000E, M1), interpreted bodies have magnetic
intensity higher than those of the surrounding areas, suggesting igneous bodies or dikes
of possibly granitic composition. The circular feature (M2) in the western domain is the
largest body and dips to the eastern side. On the surveyed line L1970000N at the
815000E (B1, B2), small bodies indicate high magnetic intensities of dikes,
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corresponding to the volcanic (basalt) unit (C3) of the central domain. Additionally, D1,
D2, D3, D4, D5 and D6 are corresponded to granitic dikes in central domain. Quite
interesting are those at U1, U2, U3 and U4 between 830000E-835000E along the lines
1950000N and 1970000N. The series of high narrow magnetic dikes are encountered,
and interpreted to indicate the east-dipping faults whereas the west-dipping dike
corresponds to the mapped ultramafic rocks. These interesting anomalies are

interpreted as the fault zone (TF‘1) in northwest -southeast direction, which borders of

one) in the eastern domain (E1).

persbectiveview.in 3 D is displayed in Fig. 6.31 in

v he model is a result of the

ultramafic and meta-sedimentary roc

To make a scenari
an azimuth and inclinati
overlaying maps of the RT i ' ‘\\ n upward 1000 meter at the
bottom. The model sho elf "s ‘n \ e deeper zone.

A crucial limitati N .;, ation &f Mac letic survey arises from the
fundamental non-uniquen ol SO \ istributions. This ambiguity in
source geometry can only _ training models. The most important
control on the reliability ‘:_sgd__ G information on magnetic properties.
Understanding of the factors that dete: magnetizatio onink ensities and direction for

N

the geological units w '650lving geological ambiguity

in order to produce a relie Ie interpretation of subsurface geology.

ﬂumwﬂmwmm
QW’m\ﬂﬂ‘im AN Y
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Figure 6.29 RTP aeromaﬂetic map of the Loei study area smwing major magnetic
domains and ma@ﬁﬂﬁﬂﬂﬁﬁiﬁﬁﬁz%ﬂm N, (C)
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6.5 Field verification

In order to confirm the accuracy of the interpreted maps presented in the
previous section, it is important to undertake field investigation in the selected areas
where accessibility is not too difficult. Some high magnetic anomalies and structures

from 8 sites as shown in Fig.6.24 were selected for more detailed field verification during

Bagh Bu@an Khuha district and in the

southern part of the E1 ith| high-mag nomaly. It is observed and

the summer period of 2003.

Site A (Fig.6.32) is.,

interpreted that essential roc ,‘ amafic igneous rocks which occur within
the areas earlier map Silurian-Devonian meta-
sedimentary rocks of part and Permo-Triassic

volcanic and volcanic cl The area mainly consists of
(Fig.6.32 A). Hydrothermal g (Gins-and dif inated magnetite are observed in the
rocks. Deformed serpentinized tiltramafic rocks Show degree of serpentinization with
both ductile shear ang ractu .6.32 B). Serpentigite outcrop with dark green

color and sandstone lefs uth of the road. To the east

about 100 m from the sefp ntinite the rocks are the defornied clastic sedimentary rocks,

such as sandst f Many shear planes
and faults are imyjthe north—soﬂ ?;Zjn mamly efjrz) and the east-west
directionﬂrjm partly of the
dismembered or isrupted opglte cozﬂe;(w:t |swgr:ﬂ redj ﬁﬂrea is a main

target area for future detailed exploration of Cr, Pt and talc deposits.

Field investigation shows that there are many kinds of igneous rocks and some
meta-sedimentary rocks. Most of the igneous rocks are serpentinite and peridotite.
Additionally, in some parts of the exposed rocks in site A area, such as hornblendite,

gabbro and diabase, were also observed by Seusutthiya and Maopech (2001). The
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meta-sedimentary rocks are mainly quartzite and phyllite. Chert or meta-chert in the
area is massive beds with deformation structures. The association of ultramafic rocks
and meta-sedimentary rocks occurring with in the fault zone as recognized by Landsat
interpretation map lead to the conclusion that the rocks in this area occurred in the
mélange zone. A more detailed lithological map of the field checking area is shown in
Fig. 6.33. Moreover, geochemical data of the more mafic rocks reveal that the rocks

were originated from the oceanic-crust environment (Daorerk et al., 2003).

Site B (Fig.6.34) is situated ; N ’%ain and is characterized by the

bright spot of high magnetic.anomaly seali 3)@@ extent of 1x1 km. The field

evidence is supported by the rn type deposits developed
at the contact zone of silicifj : and B). A few of hornfels and
granodiorite floats with som eresting for sulfide Au skarn
deposit area

Site C (Fig. 6.35) in d by a zone of high magnetic
anomaly (Fig. 6.3) and high K canients (Fig. € 15). The site, therefore, represents the
intermediate calc-alkaline intm§ig)‘5"_£<y;§h;i 3 NG potassic alteration. Field investigation
indicates that the main toék type is granodi otassic-and argillic alteration. The

t } : \'

area is mainly covered” [Fig. 6.35 A) with quartz vein

(20—cm wide in 10° strike). |n some part areas silicified rhdstone with highly shear are

observed. Jom wm vﬁ E]aﬁﬂc?ctnon (320 ). Gossan
ig ) with su|(0| ied

floats and outcrops ( iron stains are found in the silicified shear

= AW TEVT TR e o

sulfide gold deposits

Site D (Fig. 6.36) is located in the W2 sub-domain. It displays a high magnetic
anomaly with the aerial extent of 1x1 km. The surveyed area shows granite intrusion in
contact with sedimentary rocks such as limestone and meta- siltstone. Both endo-and
exo-skamns are observed at the contact zone. Iron skarn mineralization occurs within the

contact zone as shown by boulders of iron ores and in the abandoned open mine. Iron
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Flg re 6.32. Man-made exposures in the E1 sub-domain and site A (grid no.
834943E/1943409N) (Ban Bun Tan 1) showing
(A) serpentinite rocks with 1-thick under laterilitic soil, and
(B) close-up view of deformed serpentinized ultramafic rocks with

anatomizing textures.
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Flgﬂre 6.32 (cont.). Back hole-cut exposure at Ban Bun Tan 2 (grid no.

837128E/1941464 N) showing
(C) strongly deformed serpentinite body (2x1 m) with east-dipping
plane of foliation ( the author is to scale), and

(D) large of deformed and fractured clastic rocks.
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Figure 6. 33 Lithological map of Ban Bun Tan area, Suwan Khuha, Nong Bua Lumphu

Province, showing distribution of rock types.
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Figure 6.34 Natural granite exposures (grid no. 785630E/1933020N)
in C2 sub-domain or site B of Fig.6.24 showing
(A) the natural exposure showing silicified granodiorite with high
disseminated sulfide mineral (1-2%) along the valleys, and
(B) some of meta sediments nearby, such as the north-trending,

steeply-dipping limestone.
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Figare 6.35.Natural exposure of site C (grid no. 792475E/1929553N) in
C2 sub-domain showing
(A) a highly weathering mudstone with quartz vein (20 cm), and
(B) expose quartz striking north with 70° dipping to the east

(Dr. Jayson Meyers is to scale).
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Figure 6.3&I Man-made exposure of hornfel/skagn rocks with highrmagnetic
aAd iy el e e Tt e h il wh b g (aric
no.1784976E/1 961325N) showing

(A) general view of skarn rocks, and

(B) close-up view of westward dipping magnetite/hematite skarn.
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minerals mainly specular hematite and few magnetite grains are found in veins striking in

the north-south direction and dipping 50°-60° to the west (Fig.6.36 B). This area has

high potentials for Fe and Au skarn deposits.

Site E (Fig. 6.37) is located right at the Thung Kham mine area of the W1 sub-
domain. The area E is nearby the contact boundary between the C2 and the W1 sub-

domains. The area is shown by high magnetic and EM anomalies. The field investigation

reveals that the rocks in this area are r to reddish brown-bedded siltstone (Fig.

37 A) with bedding 220°strikep.and 40°¢ ats of limestone and granodiorite

boulders are commonly observed: & z@ne with magnetite enriched

30 zataon (Yemned, 1999) in this

Although in term of geophysical

area.

Area F (Fig.6.38) is
signal, no anomalies \.g efic and radiometric surveys.
However, the survey are al and the western domains,
structure features in this ar ield investigation shows a large
quarry (20x50cm) (Fig.6.38 A is clearly observed in the north-
south direction, almost ioliowing the contact boundary fauit Hetween the C2 and the W1

J

sub-domains. Some fa ‘ c om-thick shale and 10-15 cm

silicified siltstone (or chert).peds with attitudes of 15°40° SE and 0°60° E, respectively.

ﬂumwﬂmwmni

Area G (Fig. 6.39) is situated in the C3 sub—domaln where hlgh magnetlc anomalies

are presat Wtﬁ 635?[%37 n chert beds
show reculnbent fold wnth the fol axis in the north-south direction. Lateral faults and

thrust faults are clearly observed almost parallel with the fold axis. The field investigation
conforms very well with the interpreted surface and subsurface structures by airborne

geophysical data.
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rocks in the W1 sub-domain chéracteﬁzed by high magnetic and high EM
anomalyies (grid no. 783520 E/ 1920800N ) and within the Thung Kham mine
area showing
(A) quartz-feldspar (mainly weathered to clay) veins and veinlets in

the red silstone, and

(B) iron-rich veinlets in the red silstone.
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sub-domain nearby the W1 sub-domain (grid no. 787016E/1943671N) showing

(A) interbedded shale and silicified siltstone with mostly high angle

eastward, and

(B) open folded strata of shale and silstone with the fold axis almost

in the north-south direction.
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interbedded with thinly bedded tuffaceous silstone in C3 sub-domain
(grid no. 810619E/1966760N) showing
(A) recumbent folded structure with axial planes of averaging north-
trending strike and low angle (10°-30°) east dip, and
(B) close-up view showing chert beds with high resistance and

tuffaceous siltstone beds with much lower resistance.
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