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Phetchabun and Loei Provinces
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Abstract

Fourteen sites of Devonian to Triassic rock in Phetchabun and Loei provinces,
located on the western rim of Indochina block were selected and 149 rock samples were
collected. The standard specimens for rock magnetism and palacomagnetism were prepared and
subjected to laboratory tests, consisting of anisotropy of magnetic susceptibility (AMS), natural
remanent magnetization (NRM), alternating field (AF) demagnetization and hysteresis
parameters.

The rock magnetic data showed a high scatter, even for specimens from the same
core suggesting that rock samples from study area experienced a complex and/or inhomogeneity
of magnetic mineralogy. Moreover, rock samples collected from central of Loei province
possessed a high corrected anisotropy degrees (Pj > 10%) suggesting that the rocks were strongly
affected from tectonic activity.

Palacomagnetic results were derived from a high coercivity component having a
high demagnetizing field of >20 mT. The characteristic remanent magnetization (ChRM) can be
classified into two groups with the mean direction Dec/Inc(Ql,,) at 40.9°/27.2° (28.5°),
117.5°/42.1°  (24.9°) and corresponding  virtual — geomagnetic pole (VGP) at
49.9°N/187.6°E(27.7°), 17.1°S/157.9°E (28.3°) for Permian-Triassic (PTr) and Carboniferous-
Permian (CP), respectively. The interpretation results indicated that Indochina block (study area)
in PTr and CP periods located at palaeolatitude 14.4°N (+36.2°N, 0.7°S), 24.3°N (+49.7°N,
8.8°N) and rotated 9.4° (£23.2°), 61.6° (£ 25.2°) with the clockwise direction relative to South
China, respectively. This result of PTr agrees well with the previous studies but the result of CP is

much different from the previous reports
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ROCK UNIT or RLAT RLONG AGE DEC INC EDY95 AUTHORS YEAR
FORMATION °N) (°E) (Ma) ©) ©) ©)
Redbeds 16.90 100.70 146200 219 369  11.7 HaileN.S,, Tarling,D.H. 1975
Red sediments 16.80 100.00 146-161 2.0 22.6 20.0  Barr,S.M., MacDonald,A.S., Haile,N.S. 1978
Red sediments 17.50 100.00 176-245 35.6 38.8 12.0  Barr,S.M., MacDonald,A.S., Haile,N.S. 1978
Denchai Basalts 17.90 100.10 5-7 200.0 -30.0 5.0 Barr,S.M., MacDonald,A.S. 1979
Huai Hin Lat 16.60 101.80 204-217 432 429 7.5 Achache,]., Courtillot,V. 1985
Khok Kruat 17.50 103.00 88-132  47.0 290 140 Maranate,S., Vella,P. 1986
Phu Phan 17.50 102.00 132-146 450 19.0 41.0 Maranate,S., Vella,P. 1986
Phra Wihan 13.00 102.00 161-176 ~ 31.0  41.0  13.0 Maranate,S., Vella,P. 1986
Sao Khua 13.00 102.00 161-176 ~ 33.0  35.0 8.0  Maranate,S., Vella,P. 1986
Phu Kradung 17.00 101.00 176-200  33.0  29.0 7.0  Maranate,S., Vella,P. 1986
Nam Phong 17.00 101.00 176-228 340 410 12.0 Maranate,S., Vella,P. 1986
Lom Sak 17.00 101.00 228-241 180 21.0 140 Maranate,S., Vella,P. 1986
Basalts, Central Chao 15.30 100.90 0-11 244 262 6.9  McCabe,R., Celaya,M., Cole,J., Han,H- 1988
Phraya Basin C., Ohnstad,T., Paijitprapon,V.,

Thitipawarn,V.
Basalts, Khorat Plateau 14.60 103.40 0-11 43 27.8 52 McCabe,R., Celaya,M., Cole,J., Han,H- 1988

C., Ohnstad,T., Paijitprapon,V.,

Thitipawarn,V.

Khorat Plateau 16.50 102.00 20-50 319 399 4.6  Yan,C, Courtillot,V. 1989
Sediments and Volcanics

Khok Kruat 16.20 102.60 100-125  28.1  40.5 2.4 YangZ.,Besse,J. 1993
Sao Khua 16.60 103.00 146-161  26.6 373 2,6 Yang<Z.,Besse,J. 1993
Nam Phong 16.70 101.80 176-204 37.2 40.1 6.6 Yang,Z., Besse,J. 1993
Huai Hin Lat 16.70 101.80 204-217 39.5 44 4 8.3 Yang,Z., Besse,J. 1993
Upper Permian 16.70 101.80 251-260  33.0 394 6.0 Yang,Z., Besse,J. 1993
Limestone

Mae Sot 16.80 98.70 168-200 359.8 314 5.0 Yang,Z.Y., Besse,J., Sutheetorn,V., 1995

Bassoullet,J.P., Fontaine,H.,

Buffetaut,E.

Note: RLAT: Reference latitude, RLONG: Reference longitude, DEC: Declination, INC: Inclination, ED95: Confident limit

(or QL)
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a 4 a a @ 4
Tusssuwa ﬁ@ LL?Jﬂ%UlNﬁ (maghemite - yF203) Lﬂﬂﬁnﬂﬂi%U’JUﬂT'i@ﬂﬂ“]iLﬂﬂ)'uﬂJﬂﬁmJﬂﬁhh/l@

= 9 A 9 [ 1 a A 1 A
NTﬂiQﬁiN‘ﬂﬂaWﬂ NU UANYUHHNATFINI Auuaadlun1sen 2.1

" @ 1 1 1 < va 1 <
ﬂ1§"|\'iﬁ 2.1 AIDYNUILHRANUASTUUAN LN AN (MCElhinny and McFadden, 2000)

Mineral Composition Magnetic state Ms (10° Am™) T.(CO)
Magnetite Fe 0, Ferrimagnetic 480 580
Titanomagnetite (TM60) Fe, Ti, O, Ferrimagnetic 125 150
Ulvospinal Fe,TiO, Antiferromagnetic -153
Hematite OFe,S, Canted antiferromagnetic 2.5 675
Ilmenite Fe,TiO, Antiferromagnetic -233

Maghemite YFe,0, Ferrimagnetic 380 590-675
Pyrrhotite Fe S 0<x<1/8) Ferrimagnetic ~80 320
Greigite Fe,S, Ferrimagnetic 125 ~330
Goethite 0FeOOH Antiferromagnetic with 2 120

defect ferromagnetic
Iron Fe Ferromagnetic 1715 765
Cobalt Co Ferromagnetic 1422 1131

Nickel Ni Ferromagnetic 484 358
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Y 1 1 o 1 < a 1 1 < 1
510 2.5 Faeman i I lamanimanvesitu uazusuimanysginna1e (Clark, 1997)
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TiO,
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Ulvéspincl $0% s

Pseudobrookite

FeO 1Fe,0, 1Fe,0,
‘Wistite ( ﬂ) Magnetite Hematite (o)
Maghemite (y)
500 3 600 500
| 600
5 g x :
O 4004 o O 400 G s -
= ‘ 400 3 - 400 §
$ %' § o §
8 3004 %
s : 0 3
b TR 8 g
.

g 2004 z g 200 4 Antiferromagnetic 0 2
P : ; 2

+O (2} e Ferrimagnetc F
5 00 B £ 100 9 L 200 &
A A \

04 . . . v -200 0 400
00 02 04 06 08 1.0 0.0 02 04 06 08 10
FeQ Composition, x Fe,Ti0, Fe,0, Composition, x FeTiO,
V) (@)

517 2.6 (n) 1vazBoauHUAINI0571A (ternary diagram) ¥4 TiO,-FeO-Fe,0, taznsvudag

q

RRIE] (T ) uawmunﬂullmm%u@nm dy) mmummmaﬂmmﬁmumqq (v)

Q

Titanomagnetite (A1) Titanohematite (Butler, 1992; McElhinny and McFadden, 2000)

2.2.3 auUAMUBIHAaNYDIHAH (rock magnetism)

AMSUMTANEITUTANIUUIHAN LA NIIZUUIHANUTINAIAUDIN U

o & o wa [l <3 o 1 y
fﬂ?tﬂﬂﬁ@ﬂﬂ?ﬂ'ﬂﬂ!%”l%]ﬁﬂﬂ@ﬂNLLNLﬁﬁﬂUNﬂﬁzﬂTiﬂﬂﬁﬂllﬂﬁ

1) amn3ul3ldmaninian (magnetic susceptibility - K)

= v o { @ 1 a 1 1 o

lanuduiusawaunmsi 2.8) dedriuuaazlsznn manniuling

1 ] = d? (K% J 1 a & A 1 @ 1 1 ~
uanaae (K, ) 3yuadiueInlsenauvodns luiu $ala1 K uana1anu 5y Aunaeusd
fiusaiifia 550 §4120,000 uSI AuAznoUTIA1 0 §9 50,000 uSI wazAuulsiaunds 0 i
73,000 uSI wenMITuA1 K, vodusugazrianinanaaiu ondiee1asu usunaled
. 1 1 =2 1 J . 1 1 =

(calcite - CaCO,) UAITLHIN 7.5 DA -39 pSI UIAIBAY (quartz - Si0,) UAITENIN -13 D3 17

2 3 = va of a 1 A
uSI cmmﬁamﬁuumﬂu"lﬂazgmmu@m TIUUTNUA K| nJumn L!ﬁ”ilﬁllﬂ@llﬂulﬂ@iiilmﬂ
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an 18ua 1319834 (olivine - (Fe,Mg),Si0,) Un11lszunar 1,600 psI 13 luTe'lnd (biotite -
(Mg,Fe),(AlISi,0,))(OH),) iA321314 1,500 89 2,900 pSI dusmwanmianda ld 1dun usig
15104 (pyrrhotite - Fe.S,) Hmvszanas 3.2 SI uag 1n'l5A (pyrite - FeS,) §A1321314 35 94
78 2

5,000 uSI udu (Hunt and et al., 1995)

2) NITUIUMSAAUNNH INEFUANAIL (remanent magnetization - RM)
~ [ 9 3 v @ 4 a a 1Y
I,IJJﬂuhlﬂlclfﬁlfuﬁﬂﬂ%‘lL‘]Juﬁhﬂ@tﬂWW%ﬂlﬂﬁ'}ﬁ@!LW‘iIilmﬂ!u@ﬂ !ﬂﬂiﬂﬂ')’(?fﬂgﬂ
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9 Aa A 9 1 Y a [\ 4 1 < a =) [ 1 <
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a % . . d
ﬂi:mumsmﬂumﬁ"lmcwmﬂﬁ’n (natural remanent magnetization - NRM) 1Wuwau19n
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a zg a A 3 o =1 Ao 1 A A A I
(primary remanence) NAVYUADUH UV UALUINT HAZHRUNYUATNIINQUNHNAT viseo10u
v Y
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k4
VAN WA HIPNIMUA NEININNTLUIUMTLINTAN Fona1 uunil InFuandrands
a a o ' 33|
aqu (secondary remanence) ﬂiz‘mumimmmﬂﬁ”lmﬂwuﬁﬂﬁ}”mﬁ”laJ”l'imLm@’eJﬂL‘lJu‘lJiszl

1 [ a Yo 1 dy
A199 auanyauzmana laaaaes 11/

> Thermo remanent magnetization (TRM) Ao nunil lnsuandian

a 4 4 1 ] IS A a ° ' a A 1 <
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2

A o Y [ <
nguamelaauimimianlan
> Detrital remanent magnetization (DRM) 7o uuni Insduanfafina
v ] < { (Y 4
MNNTzUIUMSANAZNouYBINIulmanNluegiuaznou uaziile
[ a a = o 9y a Yy v
AzNoULUIA T U Y NEnave il Insuandigazaanin@y 131y
wasuulag
. . . A =~ o vy A a
> Chemical remanent magnetization (CRM) 719 1L Al lnsFuanmanna
Mnnszuumslasumlainiany asenulunszurumsanaznou
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. . . A ~ o 9 ld'

> Viscous remanent magnetization (VRM) f® uunil lnsFuandialuin
a { o [} < 1 1 [] [} <
!ﬂﬂi]1ﬂﬂ1‘§£ﬁﬁﬂ’3u1ﬁjﬁﬂﬁu1i~llmL‘Viﬁﬂﬁ)ﬁlelflu (16U ﬁuﬁ\llmlﬁﬁﬂiﬁﬂ)
3 1 d? 1o 1 o a 4
Lﬂunmumq 1993 VRM WVUBYNULIA (t) Lm%ﬂWﬁﬂJﬂiZ’ﬁ‘ﬂ‘ﬁﬂl@dﬂWi
Ayt InsFuaniie VRM unudig S (VRM = S x log (1))

> Isothermal remanent magnetization (IRM) Ao AsZUIUMIINALYAL TN

o o v { o 1 I
L«n%u@mﬁﬁwmmamq fﬂ1ﬂmimﬁmm@’faaﬁummeaﬂmm@'uqq (11!
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veaanalinaduuunt lnssuandialniludregraiug

> Partial thermo remanent magnetization (pTRM) fAp etiulasuany
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3) Tauuivian (magnetic domain)

Wensuvesulimangninienhdwaruiminnieuen H szifauunil
Tnadu M Tufamafedrdy H uazifailszauudinan (magnetic charge) azauiiiveunsy
nnnszumstdanaliinganumnafag (magnetostatic energy - E_) 1182811194101
Ingduavdrenielu (self-demagnetization - Hy) Tuiianiaas s Ao weraaluguii 2.7

HaNuFUWUTMUANNITN 2.9 1A 2.10 MUSIFL
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E, =5;,LOVNM§ 2.9)

H =-NM (2.10)
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A ' < o £Y 13 . o
n,No mammFusy lan1ausiman (magnetic permeability)

H P4 F4
Tunsainsulvinala wasau E_Agnazanazlaunniuaiy aaiunsui

[ [ I~ dy ~ =1 Y Id'
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a dgl =R AAa d‘ v 9 d! [ [ =\ o . ] 1 [
NAVUIINNANTNANFINULALNY VT TN (domain wall) HLSLENTEHIN IANULARY
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Wi TAmY (domain wall)
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wamaneeniudngualeny Ao 1.) giieswisuunuan (super paramagnetic - SP) Hyu1A
nueg 1ugI 10-40 W1 Tuwas 2.) TawwiAe) (single domain - SD) NYUIAVDUNTUDE U

[ 9
40-80 W1 TuwA3 3.) TAMUNEY (multi domain - MD) Hvuamnsui Ia n31 80 w1 Tumasyu'ly
uag 4.) Tamuaeuney (pseudo-single domain - PSD) UUUIAYDUNTUTEHIN SD AU MD
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(Butler, 1992)

4.) aslidulfsdamessa (hysteresis curve)

nshidulfeGamesdmiludnuazmmzaesiagimanules lsuunuan 1y
nsmuaasaNudNTuTs s el nmilenh H susinwsimdnmiieni M fida
nndredgnmienhidrsauuimdnanuduguuuiging dnvusvesnslgnaluny
TAgUUIAVDUNTU HAZFITAVOITUUIKAN (Tauxe, 2003) mmmﬂﬂugﬂﬁ 2.9 dual3i'1dan
nsliduTRadames sadlsznoudas uunil lnsdudud (saturation magnetization - M)
uuﬂﬁ”lmwffumﬂﬁlnﬁuﬁa (saturation remanent magnetization - M) @ NNIIA (coercivity -
H) TGEERSINGE (coercivity of remanace - H_)

udiiesnnded e lusIsunATinnuFuFeuria uazvunansuus
wividnfiduesdszney Fuiy dnvaznanlidulfdmmessaiisng Sufunasimves
uaazesflsznouludindis G'T;qdwa”lﬁ’ﬂiw\lﬁ"lﬁ'ﬁmmﬁmﬁ?&u"lﬂmﬂgﬂmqﬂﬂﬁ ALAAY

Tuguii 2.9 (9) waz(a)
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A
n3

1 4 ] ] a
uag H /H, (N x) 2501 nT1veUAd (Day plot cuve) 11TDLUUIFNNIITUIVUIAUDY
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1 ] 3 J 1 Y (v
nIuusuivian’ld 3 ngu e SD PSD tag MD tag@eu Dunlop (2002) 1ddSuljensivlues
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a @ J a @ 1 ' ~ (4
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51/ 2.10 nsveuadueususimanuunil Ind (Day et al.,1977; Dunlop, 2002)

5) @aasMNUNNH INEFUANA1IUAY (stability remanent magnetization)
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(vhM/2) tagndeniuanufou (k) Felianuduiusawaunsn 2.11) uaz (2.12)

_t
M(t):MOe % (2.11)
1 vh M
T=—exp (2.12)
C 2kT

A A o ~ [ Y ~
19 M(t) A9 $1nauunt InsFuanaiannan t“lm
A o =\ o FY A 9
M, o S1nauun InFuanaasudu
A a =
t A9 1A AUMN)

A ' ~ . .
T A9 AAINUDIIAT (relaxation time)
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¢ fio frequency factor (10”7 s)

=) a
Ao Ysuasvounsu

A . . .
f19 microscopic coercive force

<

=x

o

A =} o A v
19 umu"lmm%u@um

]
1 I

A Jo o -23 -1
19 ﬂ']ﬂ\imjﬂﬁm"])'lluu (1.38066 x10 " JK )

= o~ Z

o))}

9 QUNNN (1AaIN)

[
J=

a a A -4 (Y 1 [l < ~
nsaNguuIned A1 T 9z Tuegnunsuveusman uaagluglh
d'w [l d‘d 4 = c'r v A == [] [
2.8 Tagn@ded1aniioanlsenouves SP aziian T awng GeauIui) 39 lueunsasnm
v v '
uundl I suand1a 1318 vagamnsuddsznndresduiiies SD uag PSD iy Na1u130
[ ~ [ 9 I Y o 3 [ 1 d’d = =) ~ @
Snwuwnil Insduanda 1314 dadu dr061901 © gauneg szlisuadesnimuuni Ty
4 =2 ° [ ) =2 4 ] <} a .
anA1ege Jrngdmsuih lU@nimedunzudmanussnnaluiiu (O'Reilly, 1984)
Y
UONNTUANTDETMNYDILUAT I FUANA19 UG 10619 TTaNITaN
Y
[ [ [ [l [~

&0 1ndan “Kdoenigsberger ratios — Q-value” Iﬂ&l%uﬁ]gﬂ“ﬂﬂ1 K NRM uaz@uiuuimanlan

a { < kY] [ H @ ] a [ H ]
VINUNNVAI0E1 MUAUNIIN (2.13) #0819 52ANAUAZNDUILTUAT Q-value INTYDY
Tu%29 0.02-10 Hudntiog 1us3 1-40 uaziiumlsogluaia 0.003-50 (Hunt et al., 1995) Hil
M PR 4 (D} < = d'c; 1 B
M 1NTeeRdsznouveNT UL INHMAN MD  32HA1 Q-value NAIAIH LY (Q-value<l)

% oS/I [ 1 d'd 1 o' 1 4! KX A Y = =

(Dunlop, 1997; Clak, 1997) #41iu@19819NNA1 Q-value A1 e Jana15a a1 Umrades

ANVDILUN T INFFUANAIIA (low stability remanent)
NRM
Q-value=——- (2.13)
KH

1o Q-value Ao Koenigsberger ratios
NRM A9 anuduuynil I s uanaasssusandes 19y
1 @ [] <
K ao araamnsu 1 lamaiman

A 9 ] < dy A g Y] [ a
H o ﬂ’NiJHJiJﬁuHJLLﬂJmﬁﬂIﬁﬂ U WHNNUAIDI NN U

€
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2.3 wou lolgnsetlvesanniuld1Amaninidn (anisotropy magnetic susceptibility - AMS)

4 1 ] < Y ] a a 1 o
p9RYdsrnouusivan A8 19 UsITUNA Ysenoudlsusvans a1

@ a a 4 a % 1 o ] {

Uszinndeiu Ao wswwnuan Taezuunuan uazils Tsuunman sanaueglusasidiui
[ Y [
UARANNAY MNTIaBIANNAaINILAINBUHTIT UAINNTZUIUMSIHITEAI0819428
[ < é [ 1 " o ] 3 $ ) a 4

AUINUNHANANMIUAT H (Ho8A31 1 mT) WUIAIS8IUILsMantvtied1il M 1Aavu

P4 [ [ 4
HANANNY YuognuNan1aNgnriiei 130919W1TW111 A1 K 1098208197 U0gAUNANI
A o ] c’dyd ' =Y 1Y) I ¥ 1 < .
s da dsingmsaitisendn wou'le Tansevesanimsu1A1dn19usiman (anisotropy

1 1 [ o A

magnetic susceptibility - AMS) #50A210 luanuIATUeIA1 K dnnsnideunnuduius lugll

J o v A ~ ' J =
YOUNUIDF (tensor) MAVNADI AwaANMh (2.14) Unvvauliauinasvesdl K fideq

{ o ' . I Vo 3 A

Uszinnidiney Av gUnselauanniag (shape anisotropy) 1HumavINNTUVBIIHUIMANTIT O
o o ' ] 9 = . . & g
drludeds nazany luauuinsanlassad19wan (crystalline anisotropy) %441 uMaIn

Tasaadananue s uman (Tarling and Hrouda, 1993)

ny K H

K~ K H (2.14)
K’ K

A

— o ] < { o . . .
1o M B 81N ANV TN (induced magnetization)

fl
— ] <

H Ao auuuiiManneusn (external magnetic field)
K

o [] <
Ao 5D 13 1An1ausiMan (susceptibility tensor)

Tarling a2 Hrouda (1993) laagudaulsimerdesnunisanyr AMS 13
Y 1 ao 2/' dyd Y A o Y o v A d A
naneaudls ualuanuideassil Yewdudsninl¥d11suns1zv Ao corrected anisotropy
. v N ¥ g A
degree (Pj) shape parameter (T) sazamnsu A ldmautivanmas (K ) usaad luguns

mean

Y 1
ATUAN

Pj=exp\/{2|:(nl -, )2 +(1’]2 -, )2 +(n3 -, )2 :|} (2.15)

T:(an—nl—nS)/(nl—m) (2.16)
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K =(K1+K2+K3)/3 (2.17)

mean

A A ] @ I ¥ 1 <3 .
we K1 Ao man iy 13 Idmanmimangege (K maximum)
A 1 @ I ¥ 1 <3 ' ° . .
K2 a9 ﬂ'lﬁﬂ']WTUhlgvlﬂvn\nl,lllﬁaﬂigﬂj'l\‘i@'lq@uagqqq@ (K intermediate)

A ' o I ¥ 1 2 o ..
K3 fio man sy I3 ldmanimandiga (K minimum)

ag n, =InKL;n, =mK2;n, =InK3;n_=InKl/n n, n;,

v
3UNT909 AMS 0F11882831N395 (ellipsoid)  TasunuNIaINY033UNT
1 [ [ o v 1 4
UNUAEAT K A199 (K1 K2 uaz K3) awnaaslugd 2.11 wagduiusiuam T Ao ile T
[ 4 = = = I~ [
Indifeanugud (T=0) Hanyaz3Uns93 (neutral ellipsoid) 41 T>0 HgUnsududnymznuy
A I < { 1 @
91U (oblate) az Tunsain T<o U3UnsuTuuVAY (prolate) amueaadluziln 2.12 diudd
.S o o 1 [ ~A . a 1 o
w3 Pj iudrvenszauany luauuiasveeat K Tunsain Pj=1-1.05 (0-5%) N9131315¢AY
anuldanuasdr 81 Pj=1.05-1.10 (5-10%) finrsandszauany liauuasthunar was
Pj>1.20 (>20%) W15 N52AUAN N TU1ATEI (Petronis et al.,2008)
AnsuRuaznau NI UTULITARUANAZNOY NIUNTIVVIIY (T>0) A1 K3
] o ] A 1 1 a d‘ 9
pgnTIA MU TNa (pole) Wiioaoan 11 lamu 20 pern wszIlpININEAIZIIARDNADY
p v = Y A = v Ay =2 o q ¥
ANAZABUNNT MU INEIVEY HTDITUIVYBINITANALNBU UANNFUN G101 9%11 19
o [ [ H 1 [ [ 1] 4
Aurtianguues K3 Iyuiianslden o eeen ualagsaunszuiumsanaznoudansduius
TagasenuussTinna wsananuluuunag) e ldznseldas ldvnuouauuinin
o [T [ = ad . = A o @ J o
dmsuiuoaiilndlia Pi<1.10 (10%) wazligUnsaiduiusiumslva
Y] < v Aa = A 4 1 a 9y o A 1
UIIAU MTBUAIRUNIANT A1 tazeenllsznevusveariu daou lvany liauuias
a a Y] 3 < 1
ninwaneoon 1 Aemlvavesiuniaazauiuliu K1 wazliginsadunudn (T<o) ua
A Y d? (Y <3 A A a = A [ a
LUIANTBUBY YUDEAUANNISIVBINT 1M A HIBANUNTIAYDINUNTIA HIBUTIAUVDINY

wila usenAuiusaiiswanfud g I (wfh v iiginseinadienuiuagnou (Tarling and

Hrouda, 1993)
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K2 «

Intermediate

Maximum

9
%

H { J [ v <
R 2.11 Uns S ATunuisamumudemanniy 13 1dmaiman (K1 K2 naz K3)

(audad91n Tarling 118 Hrouda (1993))

doya AMS IndredlHuAeudIinNudIfyednIn dmsumsine

[

anvazmIanazneuluofa frns IMavesiuniianiealn uazAszUIUNMITNINEIALLT
[ d' 1 Y a d' a 1 d' a =1
dug ndamalmnansnlasugdvesiuas nou wu manasugdvesiuaznouainusaiiy
o [} A a 4 = o 1 % 1 a a ~ o
oalugisiinamanisain1ess sl sdugiua1eg Fanuausnuuuiiuaznoui 1asy
HaNTENUNLTITUEA (compression) 1ANTEUIUMIFIANYTTUTIU sz damaldinams
= ' . £ aa a = Y ~ o = A g
nlagunilain pj ey Bnanvee K3 Tunamufednuusinnizii nielunsandluses
4 a aa Y] 4 o < J a
@ounanwes K1 Inalunuvuiudusesdon ansuzgiUnsenuanaisldoinay oy
2
1) WINVU
. 0 ¥ Y A = A
Robion 1oz AME (2007) Yszgnalsuaya AMS iofnyInanlasusll ves
Y v 1
Auaznouluaoaiuil Pyrences France 1Az Himalaya Pakistan Hj95zaumslasugivesiiv
3 1 Y] A a $
aznou eenitlu 3 ngu ua 4 Uszan muszauaNuIULsIveINsnlasuglvesiuaznon N
1891013 9A3129 MINTLIBEI NANVDIAT K1 K2 1ay K3 F9a00nd03nudnyaiens
anaznoulueAa (primary depositional) tagmMslasuginaenInanazneu (post-depositional)
' Yoo - o <
naaslugli 2.12 (n) (V) uaz (A) Fanvazuosnznoulnaselisnyuzidunyuy Type 1 81
o @ 1 1 @ o I
lasunansznunnnszuumsssandsdagiuua ligussanninziansazidluuny Type
1Y Y Yo A < 2 o Ao A
- @t Idsunansznungunsaaziudnyme Type IV-VI Tastianyuzmaasunaq

voa1 Pj muuaadluglin 2.12 9) uazdnyaznsnszaedived K1 K2 tagk3 amuaadly

sﬂﬁzizm)

QU
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9 [ a av o 4
disvusnalszmalne Taudten lddszgndlddoya AMS iefnun

q

) = o ] Y o Y A Y o o =R
VlTQﬁTU‘ﬁiﬂlLLﬂiﬁmiTu 1% Bhongsuwan (2000) "lﬂmmu@mam AMS LW@i%’ﬁW‘HﬁUﬁﬂBW

NAN1N3 lMaussnna (palacocurrent) U®30131 (Cenozoic basalts) VTNUNIANAIULAT NI
A S a A A . <
ﬁ@umuammﬂﬁzmﬁ"lm u@ﬂﬂ?ﬂﬂﬂﬂiLﬁmWHﬂﬁﬂBTﬂiglﬂﬂﬁ"I'J Singsoupho (2014)
o 4 a a
Uszgnalddoya AMS 1ioAnEINANIINS Inanssnnia vosaznouuniga Ta Tedn
(Mesozoic redbeds, Khorat group) uazﬁﬂmﬁﬁmemi"lwammmm (Cenozoic basalts) STET LY
A £ N A Aa ~ Yy
mm’qﬂumnu (Bolaven plaeau) G]Nﬂ'lillﬂﬁ"llf]\i‘ﬂuﬁuﬂ ZUNANNNTOANADINY K1
v [l 9y 9 < vy =) s o [ =
ﬂ'lﬂ@]')@fl'l\ﬁl'l\‘l@]uﬁwLW’L!'J'IGUE]SRIIQ AMS Mﬂigiﬁlﬁﬁuflfﬂﬁﬂ'lﬂﬁ'lﬂiﬂﬁﬂ‘hl'l (FLG
a A ~ a 4 =
'Jlﬂi'lgW‘I/I‘F’f‘i/]1\iﬂ1§llﬁaﬂii1/‘|ﬂ1ﬁ1 LLa%Wﬁﬂ'l‘il,‘]JﬁEJLlLHJﬁQﬂlﬂﬂﬂuﬂ1ﬂlﬂﬂﬂ1§ﬂ!ﬂ'}\‘]‘ﬁim!lfﬂ‘i
Y] 1 1 a 1 A A @ 1 < 1
ﬁm@;mmm Lm{]}'lWi]'l‘im'lﬁ'JuﬂlﬁEJ'J"?I,’ENﬂ‘Uﬂ15ﬁﬂ‘]&l'l‘1/l'l\1@9]}1uﬂ'né‘ﬁLLlJ!’l"iaﬂUiiWﬂ’la Wmﬂu
dd‘ [ 1 a A . 1 1 a =\ o 9 = o 9
NIUNAIVYINNUUA P ’q@l]’lﬂ fﬂzmwamwﬁmqmmu"lmcwuﬁﬂmﬂuaw uawﬂwwa
a 4 9 1 < =~ A 1A a 1 o A d?
NITUATIEHNINATULULUANDITNNIA Mﬂ’nuﬂmﬂmaau"lﬂinﬂmmumuwummmmu
3 3 A v 1 a A 1 ] 3 Aa . I J
(Clark, 1997) UBNIINUU U'I\Tﬂix‘icluﬂiﬂlﬁ'lf]t’l%iﬁullllilllll“ﬁaﬂ‘ﬂllﬂ’l Py ’L:,N !ﬂuflﬁﬂﬂi$ﬂﬂ‘ﬂ
1 [} ] 4 1ad 4 o a 4
daulvg) (u dunInd (Pj>100) 13Ns 15 1na (Pj=3-400)) o197 1dmsanszin A s sal
o = ] < =1 A 9 1 Ao 9
LLﬂiﬁ'mﬁTu UAZANHINMISUNLHANUITINNA ‘JJﬂ'JHJﬂaTﬂLﬂﬁﬂullﬂ INT1ZANT AMS Vlﬁﬂblﬂ‘ﬂg
I 1 1 1 1T A o
L‘]_]L!Naﬂﬂiﬂﬂ ﬂ'J”IiJ]lﬂJﬁﬂJiJ"IGﬁ%TﬂNaﬂ mﬂmwgﬂmq L!ﬁgﬁ\iNﬂ@ﬂﬂﬂﬂ]ﬂﬂlﬂﬂllﬂﬂﬁqﬂL"]j%u
anmalusdalinnunaiamnaonld (Tarling and Hrouda, 1993; McElhinny and McFadden,

2000)
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sedimentary fabrics

Oblate shape

b,

Shape Parameter T
o
. S
=
(N

0O Maximum axis of susceptibility, K1

Prolate shape

U
( ) O A Intermediate axis of susceptibility, K2

2

é + O Minimum axis of susceptibility, K3
S @ " Magnetic foliation Degree of Anisotropie Pj
6 ¢ Magnetic lincation

< . . >
< comp axis >

Sedimentary ~€— Intermediatc  —= - Tectonic —
O O

) {J
Type Il Type 11l Type IV Type V Type VI

gﬂﬁ 2.12 (M) JUNTAVVIU (oblate) T K3 1Mgnguuas K1 K2 Fd i (foliation) Famn
71 K3 (W)3Un 53100 (prolate) HiAveauandu (lineation) Muiia K1 Janbagingngw
a1 K2 K3 Tidnuaziiis 1 (foliation) (A) JUNTWVVNAY (oblate + prolate) 1 K1 K2
K3 fudnvuzimengy () Sdumsutinguvesdeya AMS fifinsanusin fold 1ag tust
belt Tagil bedding lununne nuanseiiannseilufindro-van Type 1 {ludioya AMS aou
iU& (initial sedimentary) (3) N3 Pj-T ﬁﬂymzﬂwigﬂﬁﬂugﬂmaqﬁu (Aaudas 910 Robion

uag Az(2007))

2.4 ASTUIUMSANHINIMHUAITNHANDTINAA (palacomagnetism)

A =2 9 a Y rog 2

A9 NITUIUNTANHIVDYANANN LUASAITNIUY vosgumultvan lanlueda
A = Y] 1 a = 9 Y v a < = 1 <
wgﬂuumﬂiumamwu FIDTNITUDIYUDINIDI NN NAENIILNANNVOIFUINLNIMan lan

Y E4
aouriunefuiadu tazandoyail awsadwudounaulmammis niegaduialy

9
a Y

=) @ v 2 = 1 A o v ] A
2ANVDIAI0819T U U 1d FIn1eA1IUI F1ToNznIIud v uaulaen Tanlu
= Y (%
oaa laluny
3 = 9 [ < Yy a
TUADULALNTZUIUNTANEINAUUUHANUTINAA 1A NI 189U IS
Y Y v 9
HazA1319199 MInerateFuAaoanIuDeilIgliv eIt umalinmInadon JuaouNS

] o I o 1 a ua 3 a L4
NUAIDYN ﬂ53‘1_1'JL!ﬂ']'5‘1/1ﬂﬁi’)ﬂﬁ?i’)ﬂ']ﬂslu‘ﬁ@ﬁﬂi‘]ﬂﬁﬂ'ﬁ FANNINTUATIENHNANITNATDY
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d' 9y a A =1 [ 1 dy d' 1
wolrvefuredsziassanlsdugiuluuaagWun Sy Butler,  1992;  Tauxe, 2002;
Tarling,1983; McElhinny and McFadden, 2000; Collinson, 1983)

v Y s _ & P A
1NHIVD 2.1 f]\‘iﬂﬂigﬂﬂﬂﬂl@\?ﬁu'llll!mlﬁaﬂiaﬂlﬂullﬂﬂljﬂl@@i PIALLA

v
= C=

4
apuriunesuiadusudeiligiu Joyamartigniuiin 1 lurusinnszurumananuniiln

u

F4
@ 9

[ 9 1 a v 9 @ % 1 A Ao Y R I
LEFFUANATIA NG (Gl'lﬂ\lf]‘ﬁ‘lﬂ‘(’lsluﬁ')(’ll’f] 2.2) ANUU GU’EJll“a NRM Ft]'lﬂﬁ')’f]f]'l\iﬂuﬂ'gﬂulﬂ mt‘ﬂu
a 4 =} o Y = 09./} A v o
Nﬁﬁ'll]LG]NL’Jﬂlﬁf’)iﬂl@ﬁl!llﬂullﬂleﬁsﬁu@ﬂﬂ”lﬂhlu@ﬂ@ﬂﬁﬁuﬂ meclugﬂ‘ﬂ 2.13 L!ﬁﬂﬂ‘ﬂﬁ&ﬁ\iﬂ
[ ] <3 o 1 Aa a 1A
ﬁﬁﬂm@ﬁﬂTiﬁﬂHTﬂ”l'ngliJWiaﬂ‘Uﬁi‘Wﬂ”lﬁﬂ”lﬂﬁ'J’E)fJNWl! ﬁf’) g]}@\‘lﬂTﬁ?LﬂiT%ﬁ’ﬁTﬂTﬂﬁﬂTQ%@Q
~ v Yy A v A 1 o A A Lo o v o Y ~
l!llﬂu”h/lL"]f‘b'u@lﬂﬂNLﬂJ@]u@]@uﬁUﬂﬂﬂﬂuﬂﬂlu “]N‘ﬂ?!ﬂu@]@\i@?ﬂﬂﬂﬁS’JJ'J‘L!ﬂ”Iﬁﬁ‘UﬁTQLLiJﬂuUl‘VI
] Y . v A a 4? ] o A Y A A
LEBFUANAIN (demagnetlzed) hluﬁ'luﬂlﬂﬂslluﬂﬂﬁﬁﬁ\?@@ﬂ]lﬂ LW@iﬁLWﬁﬂLﬂWT%ﬁ@uﬁiJlLiﬂ
4 1 Y
M Feaziasanuuni InwFuanf1aaiuiii “characteristic remanent magnetization -
3 1 1 S o
ChRM” L‘]JuWﬁiﬂﬁ]”lﬂ!ﬂﬁum@ﬁ!ﬁl!ﬂ\lL‘Viﬁﬂﬂﬁ/‘nﬂ SD e PSD
o o A o v Y = @ Y A v v
ﬁ”l?i'illﬂi%ﬂ?ﬂﬂ?i'ﬂuill"lglslfﬁﬂaiﬁLlllﬂuulvlmisb'u@]ﬂﬂTQ uﬂm“lﬂnmwm@u
. . v < v . . . ) [
(thermal demagnetization) AT UMM AN ALY (alternating field demagnetization) ¥1VTUNIT

aud (g3eazideamiuay 14910 Collinson (1983) Butler (1992) 11az Tauxe (2002))

\_/

o\

511 2.13 HUV1ADINANIIVDI NRM MDA INHaI w03 uni lnssuandia lugianan

Y

@19 NRM=A+B+C+D

Y Ay ¥ Y ~ ) Y Yy 9

ﬂl@iJ”aﬂU],ﬂ%1ﬂﬂi$‘U'Juﬂﬁ'a°lJﬁNl,l,llﬂukl‘i/]l,c]f%'u@lﬂﬂ%i ‘]J‘i$ﬂ’é)°ﬂﬂ’)flﬁllf]lluﬁﬁf]\i
] 9 Y] A 9 9y a ~ @ Y 1 a ) 9
AIUAIYNU 7D GUEJ?J“ﬁﬂ’NﬂJ!fUiJ HAZNANNW NTIEAUANVUIIAUVA AN ’L!EJSJ’L!H?(‘L!@I@EIGI,GB

niudasdoyaiauolag Zijderveld (1967) munaaslugii 2.14 (3) D9 (¥) dasnsanas
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[

~ v Y d? [l s 1 ] < Y 1 a =
eumumu"lmcwumﬂmﬁ i]$GU°L!EJQﬂ‘U’ENﬂ“]JiZﬂ@ﬂﬂl@ﬁllilllllﬂaﬂsluﬁ’JE]EIN‘HL! GlfL!f]’iﬂ,lell’éNfﬂi

< [ 1

a [l [ I~ { o = Y
AUANAUNANAT NN ANTAY AANNLTIVBIaINLIanaua1 s 1 und Tnessu
] A s A 9 A ' . . =
ANANNANaUYa0 50 1)o51Fu ¥9aAUTUAY 5801 “median destructive field - MDF” &40

d? (B 1 ] d Ad o ~ v 4 Y 1 A J
VUDYNVYUIAVDIUNTULUTUNHAN NN VT NEILUNT [N FUANAN FIa10819NNo9RlsznoL

U

v
ISP =

Y84 SD 1Az PSD 91f1 MDF 11g4n31 MD (Dunlop and Ozdemir, 1997)

Q) ) ) ®) @
J,(AIm)

0.0+
0 1 2 3 4 5 6

Demagnetization level

@ N @

2
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d’ o W d‘ 9 = 3 9 d' (% 9 031’ 1
gﬂ‘n 2.14 amnﬂmﬂaﬂuuﬂawayjammmmu”lmcwumﬂma NIZAUANULITIAUVAN QLE O-

4 ~ o 9y 9 a ~ [ 9 Y
6 (M) panilsznouuunil Insunndig (M) eumq;aﬂﬁmwmuuﬂullmcwwmmwumu

A L 4 Y ~ ) Yy A o Y]
TAsWNUNAINUN (equal-area projection) () ANUTUUAT TNEFFUANAINTEA VAT

1 < 9 1 = a ~ [ 9y A 9 Y

FHUIWLURANAVA WA LaL (3) 93 (%) VlﬁﬂNl,l,iJﬂu]’lmcﬁﬁb’u@ﬂﬂN‘I/ILL’c‘fﬂﬁJE]iJ“aWJEJﬂﬁW

Zijderveld (Butler, 1992)

Tagdruuindeyauuni lnwFuanaien 1a9nnszuIUNITaDA19A 0
' < o = J a ' £ J ' =
auuiiandd vxliosdisznovvesiianaunnimileesdlszney wugii 2.14 uag
[ ] ] 4 { 1 o' 1 [] I~ [
2.15 @vd1wu 03fszneuniia1 H, An1 20 mT sz mnsnauoenaeduuuiianaday

A Y ' A 1w £ 4 =} o Y A
NANWINNINNINHIDNIND 20 mT (H, >20 mT) “]NL‘]_]u@\‘lﬂﬂﬁgﬂﬂﬂlmﬂuuhllﬁb'sb'uﬁﬂﬂ%‘lﬂ
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g "3 A ¢ y A g ¢ ~
WUNAINATULUHANIININ MD azisanesnsenevdiuiitussndsenovveauunil
[ 1 J A ' <
U]fﬂl‘ﬂﬁ]ﬂuﬁﬂﬂy%ﬁﬂ‘igmﬂ VRM daussnalsenounm H, ¥1nn2120 mT WY UNANININTU
1 3 o < J Aa = £ a J 1
UNHaNIININ SD Liag PSD L'ﬂu'ﬁNﬂﬂi%ﬂ@ﬂﬂﬂﬂ'ﬂlﬂﬁﬂﬂi’q\? FIaznsaAlsenoudIu
dyd o o J ~ @ Y
Wiy ChRM (Butler, 1992) ﬁWWiUﬂigﬂ’Juﬂ'ﬁLLﬂﬂmﬂﬂi$ﬂﬂﬂﬂl@\illhﬂu1ﬂlcﬁ%uﬁﬂﬂNﬂ$
W e IdeannIsYeg “principal component analysis - PCA” (Kirschvink, 1980) 13

nanIseazoealuuni 3 uag MANUIN 9

51 2.15 mﬁﬂizﬂ@uﬁﬁmNsumﬂ’fmgaLmnﬁ"lmmsi?u@ﬂﬁ'n (Butler, 1992)
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1 2}' 9 ~ v vy Ay ¥ A 1 <
LLG]“]JNﬂi\‘lGUE]SRIjﬁLlllﬂuklﬂlclf%uﬁﬂﬂ%ﬁ/lllﬂ 81ﬂﬂ%$£tﬂﬂllﬁﬁ$@ﬂﬂﬂi$ﬂEJ‘UE]’E')ﬂ

'
9 v W J

@ g}' ~ J A
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Average (SD) K1 K3
Sites N(n) Fabric Type
Pj T Dec/Inc (conf. angles) Dec/Inc (conf. angles)

L02 11(24) 1.035(0.028) 0.207 (0.456) 109.1/6.4 (35.8/20.1) 18.1/8.3 (50.2/16.8) Type II
L03 8(19)  1.215(0.123) -0.095 (0.489) 256.6/49.8 (24.2/9.4) 45.5/36.9 (23.8/16.5) -

L04  10(27) 1.129(0.030) -0.413 (0.195) 270.9/6.4 (11.8/5.1) 140.9/80.0 (27.6/4.9) -

L05  12(28) 1.230(0.060) 0.134(0.248) 276.1/6.4 (8.8/5.3) 6.5/3.1(6.4/5.3) Type IV
PB3 7(11)  1.020 (0.003) 0.086 (0.165) 115.4/18.1 (9.8/2.6) 286.4/71.7 (6.1/4.1) Type I
PB5 10(16) 1.064 (0.009) -0.186 (0.385) 68.1/6.4 (9.6/6.4) 160.0/15.9 (51.4/7.9) Type III

Note: N(n)(Sites(Speciments)), Pj(Corrected anisotropy degree), T(Shape parameter) , K1(Maximum susceptibility),

K3(Minimum susceptibility), SD(Standard deviation) and De/Inc (conf. angles)(Declination/Inclination axis with confident
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Sites N(n) Average (SD) K K3 Palaeo-flow
Pj T Dec/Inc (conf. angles) Dec/Inc (conf. angles)
L01  12(28) 1.020(0.007) 0.257(0.394) 183.7/12.1 (58.6/14.0) 4.2/77.9 (20.0/13.8) N-S
L06  14(39) 1.020(0.006) -0.133 (0.377) 47.1/14.1 (14.4/11.0) 210.6/75.3 (36.4/11.0) SW-NE
PCO1 11(22) 1.085(0.126) 0.126 (0.479) 126.0/31.3 (77.0/60.3) 17.0/28.1 (60.8/47.7) -
PBO1  11(23) 1.045(0.033) 0.192 (0.342) 297.3/54.7 (26.0/9.9) 163.7/26.0 (43.2/10.2) SE-NW
PB2  12(32) 1.030(0.014) -0.014 (0.484) 343.8/83.4 (15.3/7.1) 250.0/0.4 (18.4/9.5) Up
PB4  13(27) 1.063(0.037) 0.497 (0.389) 221.3/5.6 (70.8/26.2) 317.7/48.3 (38.0/32.6) NE-SW
PB6  10(24) 1.022 (0.006) 0.343 (0.230) 317.0/28.2(29.0/11.2) 180.1/53.8 (28.7/14.5) SE-NW
PB7  9(13)  1.062(0.035) 0.157(0.121) 255.4/71.9 (31.7/5.0) 94.6/17.1 (23.7/5.6) UP

Note: N(n)(Sites(Speciments)), Pj(Corrected anisotropy degree), T(Shape parameter) , K1(Maximum susceptibility),

K3(Minimum susceptibility), SD(Standard deviation) and De/Inc (conf. angles)(Declination/Inclination axis with confident
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RLAT RLONG Dec Inc PLAT PLONG A95 or
No. Rock unit or Formation Age N/n K 95 Reference
CN) (E) © © (°N) (°E) DP/DM
Indochina
1 Bolikhamxay 18.32 103.38 K, 16/171 19.7 374 235 75 699 1815 3.9  Singsoupho (2014)
2 Suvannakhet 16.47 105.47 K, 12/147 256 38.0 1035 43 633 180.0 4.9  Singsoupho (2014)
Mean K, 2/ 226 37.7 5931 103 66.6 180.7 145 -
3 PhuPhan and Khok Khuat Fm. - - K, 3/~ 302 361 108.0 11.9 61.0 182.1 8.1  Bhongsuwan (2000)
4 Vientiane 18.12 102.44 K, 10/87 259 374 234 102 651 1715 12.6  Singsoupho (2014)
5 Khammouane+Suvannakhet 16.65 105.43 K, 8/98 282 455 119 53 612 168.7 5.2 Singsoupho (2014)
6 Khorat Gp. - - K, 10/~ 32.0 382 1708 41 594 1774 4.5 Yang and Besse (1993)
7 Khorat Gp. (Earliest to Middle Cretaceouse) - - KK, 26/~ 317 303 544 37 597 1909 - Charusiri at al. (2006)
Mean K, 5/- 29.7 37.5 1950 55 615 1784 46 -
8  Khorat Gp. - - T 10/~ 26.6 373 3392 26 648 178.1 2.3 Yang and Besse (1993)
9 Sao Khua Fm. - - T 5/- 304 451 591 100 599 1737 10.5  Bhongsuwan (2000)
Mean J, 2/ 28.4 41.2 190.5 182 624 175.7 11.6 -
10 Phu Kradung Fm. - - I 5~ 306 31.0 608 95 60.7 182.8 10.6  Bhongsuwan (2000)
11 Pha Wihan Fm. - - T 11/~ 303 27.6 975 46 607 1874 4.0 Bhongsuwan (2000)
Mean J,, 2~ 304 293 11295 74 60.7 1851 49 -
12 Nam Pong Fm. 16.67 101.83 I 13/- 3811 418 775 47 536 1733 4.9  Yang and Besse (1993)
13 Champasak 15.17 105.82 I 8/92 352 389 2598 32 56.0 178.6 2.9  Singsoupho (2014)
14 Nam Pong Fm. - - A 11/- 364 378 685 56 552 178.0 5.9  Yan and Huang (2015)
Mean J; 3/ 365 395 1190.6 3.6 550 176.6 32 -
15 Haui Hin Lat Fm. 16.67 101.83 Tr, 5/- 395 444 850 83 521 1698 7.3 Yangand Besse (1993)
16  Haui Hin Lat Fm. - - Tr, 13/~ 43.0 48.0 474 61 487 1659 7.2 Yan and Huang (2015)
17  Permian Limestone, Chum Phae 16.67 101.83 P, 8/- 33.0 394 754 60 584 1762 4.3/7.2 Yangand Besse (1993)
Mean P,-T, 3/- 38.3 44.0 2043 8.6 531 170.2 88 -
18  Site #L01, Granodiorite, Talei, Loei 17.57 101.43 PTr 1712 759 335 327 77 184 1774 5.0/8.8 This study
19  Site #L06, Granite, Lomsak, Petchabun 17.01 101.42 PTr 19 256 195 185 123 642 -156.2 6.7/12.8 This study
20  Site #PB4, Rhyolite, Chon Daen, Petchabun 16.17 100.82 PTr /11 271 112 276 88 615 -150.6 4.6/9.0 Thisstudy
21  Site #PB6, Andsite, Chon Daen, Petchabun 16.18 100.75 PTr 1/8 414 388 727 65 50.6 1758 4.6/7.8 This study
Mean PTr - - 4/40 409 272 114 285 49.9 187.6 27.7  This study
22 Site #BP3, Shale, Chon Daen, Petchabun 16.19 100.86 P 1/6 1394 479 415 105 -30.2 142.1 11.9/17.7 This study
23 Site #PB5, Li Chon Daen, Petchat 16.12 100.84 P 1/8  113.8 31.9 2334 117 -16.7 166.7 7.4/13.2 This study
24 Site #BP7, Granit, Chon Daen, Petchabun 16.18 100.75 C, 1/8 102 435 588 73 -35 163 6.6/10.7 This study
Mean CP - - 322 117.5 421 256 24.9 -17.1 157.9 28.3  This study
Mean CP (Reverse) -62.5 -42.1 This study
Note: RLAT(Reference latitude), RLONG(Reference longitude), N/n(Number sites/Samples), Dec(Declination), Inc(Inclination), K(Precision limit), O, (Etror of declination and inclination),

PLAT(Pole latitude), PLONG(Pole longitude), A95 or DP/DM(Error of PLAT and PLONG), K“( Upper Cretaceous), Kl(Lower Cretaceous), J“(Upper Jurassic), J

m

Jurassic), Tru(Upper Triassic), Trm(Middle Triassic), TrI(Lower Triassic), P“(Upper Permian), Pm(Middle Permian), Pl(Lower Permian), PTr(Permo-Triassic), P(Permian), C“(Upper

Carboniferous), Dm(Middle Devonian), O“(upper Ordovician) and Ol(Lower Ordovician)

(middle Jurassic), Jl(lower
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Geomagnetic Polarity Time Scale

modified from Concise Geologic Time Scale (Ogg et al., 2008)
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MANHIN D

msﬁmammaﬂ”‘muﬁmﬁnmswma

I3 aa d
2.1 MImuIMeaanvestlsvyes (Fisher Statistic)

QQd' 9 o v Aa 4 o a = U Y d‘ [
ananlyausuIAIIZH tazAuIUNAMILUAT INEFUANA1URAY Wl
1 ] a 4 a
Tas R. A. Fisher (1953) (38031 P15UNLIIAIUDINB%0T (Fisher distribution) 1a&N15

a =

Y o 9 ~ 9 @ 1 Aa [ @ [ 49‘ ~
‘lJ@iJ“ﬁVIﬁVI'NLUJﬂublVILG])'G]fuﬁﬂﬂ"N (Inc Lo Dec) ‘Vl”lﬂmﬂmamwmmasmemwmwum
= £ o Yy o ' a Ay do ' <
ﬁﬂ‘HTﬁuQ@] uazﬂmuﬂslmlayjam‘iﬂizmﬂmeguummﬁﬂau T@ﬂwlmﬂmmmmimﬂu
1 A '
ﬁﬂ!ﬁ@\i (probability density function) l,l,‘ﬂufﬂil,lfl]ﬂllﬂﬂﬁ’lﬂlflx‘i"fljfly’ﬁﬁ\?ﬂhﬂ@ﬂﬂﬁllﬂ?iﬁ (i].l)

o Y A A (Y 1 A
uazgUuuumInszaeavesdeyaneu lvvesdinlsang muudadlugili 0.1)

0 20 40 o 60 80 100

4 a) J a i
gﬂﬁ 2.1 N1LINLIINTUINLIIVOIN B DT PdA(e) VUAINTINAY dA MIUENNSN 2.1

W91584170 K 719199 (Butler, 1992)

K
P (0)=————exp(KcosO 1
w(©) 47sinh K)eXp( cos) a-h
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119 0 Ao MﬁJﬂ'lﬂﬂﬂLﬂﬁﬂGUﬂQGUﬂHﬁﬂﬁﬁuﬂ uay K Lﬂuﬂ?TﬂJlﬂﬂQﬁiqmﬂqm@Hﬁ
a .. ' A ! 3 ) dy AAa
130 precision parameter 7Y PdA(e) 1) ﬂ'l']ﬂJu']flglﬂuﬂ'ﬁlmﬂll%qm@HﬁUuWUWW’Jﬂiqﬂﬁu
Aa A A 9
dA V]Wﬁ]'ﬁm']ﬂi}!m 0 ﬂ']ﬂﬂqﬂlﬂﬁﬂmﬂqsuﬂyjﬁ

'
[ ' o

Tunsdl K Jauinu 0 urganudeyania'ld daanuasainauouu

U
Y

v v [ 4
WunAmsanay uagd K Aauing oo uaashmvesdeyaimiiinsanivua iniegasiga
1 Y
YoIAURAY (VoYANINUANTZIIBAI0GUUARLIN)
[ a 4
Tuniseinyideyavosuunil lnwdudraluiu szliawesnlsznen Ao
4 a ] < a a o
99AYTLNOVVBINAN WA UINLNHANNAY D (north  component - 1) Az TUDDN (east
2 Y A ; : p
component - m) uaﬂuumm (down component - n) G?x‘mﬁ‘ﬂﬁmaﬂﬂlﬂﬂllﬁazﬂﬁﬂﬂi$ﬂﬂﬂinﬂ
o Y o 9 A = o 4 Y
Swaudoya N fruwnaldamaunish (3.2) 19 0.4) sazamsadiunnaes R 1aam
A &£ g ' I Yy v A1 oA 1 Ao Y
AUMIN (3.5) FUDUHAVINVBAADZDIAYTLABUTINAY tazliAudeuuueIAINAILIu 14

(38171 “maximum angular deviation - MAD”

1= @.2)
R
N
i=1mi
m=— (@.3)
R
N
ZiZl ni
n=—— .4)
R

R =(20) + (2 m,) +(Xn,) (1.5)
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NANNYVUBIVUAAY (declination - D) HAZNANINYWIDEUN (Inclination -

1) mae fns ldninaunsi (1.6) wag 1.7)

D_ —tan (?) (2.6)

I =sin" (n) (¥.7)

HazAINNINEIATIVOTBYA (precision  limit - K) a1w15ad1uss 14910

A £ Y
aUNIIN (ﬂ.8) C]S\i!‘]JHWﬁiJ1%1ﬂ"U’E)33!E1 N itag R
K=—- (2.8)

[ QSJI Y a T A d' d' o YA d’ 9
ANUU mwmsmmmﬁmwmaawmmm'lmmwmsmmu“lﬂmmmya
ogj [ £ Y 1 | s 2 A 9 o’j
NHUA N ‘JJ”IﬂLLﬂ]lViLl SFAULNHAIYA al_pTﬂEJ 1-p mJunJaﬁwuwmamqmagamwm N
4 1 H
f061uFU 81 1-p 1111 0.95 1130 95% WUNHWIEANNI HITaNANTeULUYeIRANINRAY
4
@ 1 < a o
AIBUAYN 95% "llf]\‘l"i,lj’é)ﬂaljﬁ‘ﬂ\?ﬂi]ﬂ N °1mmﬁﬂymNéﬁmmmaﬂmiwmmzuaummu@

1 ] v 4 [
9 Y % 9 @ A o a o 9
ﬂlayjaﬁiz@mmmg%mu 95% W?ﬂ Olys VBIVBUANNHNANUINTINIITUT ﬂ1u’3mvlﬂi]1ﬂ’dllﬂﬁ

71 (@.11)
e
N—R |[1|™
Cosal—pzl_T — -1 (2.9)
P
81
A, = (2.10)
VKN
140°
~ (@.11)
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2.2 Yusitvianlan (Geomagnetic Pole)

Y
=

A o o 1 <] o ' A A= A Ao A
031N 9.3 Mruadumiaan U919 nseNunANEINNNA S (A ¢, N
A o 1 a { o [ 3 o o 1 3 1 <
D_uagl ﬂ15ﬂ1ﬂﬁ3881ﬁﬂuﬁu1h1ﬂﬂﬁﬂﬂ @1QuuamﬁammmmﬁummmuumaﬂTaﬂ

m

9
vssnma (1,0, laninaumsaiuais asde lui

1 tanIm ¥ 2
p=cot = tan (0.12)
2 tanl
Xp =sin" (sin?»p cosp+cos7»p sinpcosD) (@.13)
4| sinpsinD _
B: sin _— (ﬂ14)
cos?»p

K I 4 o
uamves ¢, IanuiulyIdaeansdl fe e cosp>sink sinh, dNIOf LI
T8anaums (3.15) wazlunsdi cosp<sind sink, dwnsofvzdwaldnnaunmsi (v.16)
] VoA A 1 a VoA o Y A [ @ 4 A
druandies niemanuAanaIn (dp tag dm) namnmuiala Tanuduiusamaunsi

(2.17) tag (2.18)

b, =0, +P (1.15)

o, =9, +1-P (3.16)

dp=o | TSP (3.17)
s 2

dm=o | S0P 1.18)
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North Pole

Y v o d o ] 3 o 1 v o 1 3 1 <]
gﬂﬁ 3.3 ANUANNUTUDIAN UK UIFANUAIDYIN ﬂ‘]Jﬁ']LLﬁuQGU'Jl!iJ!WaﬂTﬁﬂ‘]JﬁﬁWﬂTﬁ (Butler,

1992)
9.3 Rotation and Poleward Transport in Pole Space

Ay I~ ~ o ] 3 [l < Ao w =
HJ’E]G]ENﬂTiL‘iJifJ“]Jme“]J@ﬂL!T‘iuQGU'E‘]\‘I"U'J!mLWﬁﬂIﬁﬂUiiWﬂWﬂ‘ﬂﬂWﬁ\iﬁﬂHW (OP)
=\ Y o 3 ] 3 9 a =\ [ A
Hazy A9S mnuy A ﬂ’]J"lJ’JLLlIL“HﬁﬂTﬁﬂﬂNﬂQ (RP) 4 A95 tm1nu A, mmzﬁﬂﬂugﬂ‘n 1.4

° Yo T dy A= A Ad o ' = Y 3 o 1 1
ﬂ']ﬁuﬂjﬁﬁ']llﬁuﬂwuﬂﬁﬂ}l'] NIDYANNUAIDYN AB S AIUU TWITAATUIUTEITHNTTHIN
k4

o ] I 9 A o Z ] 3 Y a =}
GU'JLLiJWiaﬂTﬁﬂ‘]JiiWﬂTaﬁnﬂ"llﬂisljﬁVIﬁﬂET 0) ﬂ‘]JGlI'JmJL‘ViﬁﬂTaﬂ’]Jiﬁ‘Wﬂ”lﬁﬂNﬂ\i RP 435882 N19
v W = ~ I~ 3 o I ) 1 A A
i s wagliyuiiviyu Ui R Suaeumsannaniuldawaumsdiuais lunsaii R e

I ' [ a < a
L‘]J‘Llll']ﬂll,ﬁﬂ\i'J']‘Vilqlu@nlIHI'JJ‘LHWﬂW (clockwise rotation - CW) HAZUHUNIWVVUIWNT
. . A I 1 a o Y
(counterclockwise rotation - CC) “lummm R iTuau AnnuEanaIn AR ﬁ?iJTiﬂﬂTlllﬂ!llﬂ
{ o v v 1< 1 v ' @
MUANNTN (9.23) G1VAT Poleward transport (p) 32T UANVUANAIITENINAT p, A p,

(p=p,-p,) AZUAINNUAANAIA Ap MNANNTN (9.24)

p, = cos” (sin?»r sin?»s +cosA_cosh cos[(I)r —(I)S ]) (2.19)
p, = cos ' (sinA_sinA +cosh cosA cos[d)S -9, ]) (2.20)

s=cos (sinkr sin?»0 +cosA_cosh, cos[(I)r —d)o ]) (@.21)
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| COSS—COSP, COSP._
R =cos 1( : '0 ) (2.22)
sinp, sinp,

2 2 o SinAr 4 SinAO
AR =0.8 ADO-I—ADx =0.8, [sin +sin (2.23)

sinp_ sinp_

AR =0.84/Ap, +Ap. =0.84/A” +A’ (3.24)

4' 4 9 v dy A ) ] 3 ] 3 A 9
‘51]7] .4 mﬂ‘ﬂizﬂamjawagammszmnwumﬁﬂm (OP) mzmuwmmmaﬂiamn"lmm

_Y

@ (] a o 1 qs.;} [] < 9 a
@208191 1 (S) HazA MUt van lane1994 (RP) (Butler, 1992)

3.4 Expected Magnetic Field Direction

Y °
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1 o

@ 3 ' < {
AN ﬂiZ“lJ’)uﬂ1iﬂ1u’3m%$61ﬁﬂ"fl}ﬂyjaﬂnuhlﬂﬁﬂTﬁﬂU‘iiWﬂ1aﬁ‘1@9{iﬂﬂﬂ1iﬁﬂ‘H1Gluﬂﬁ'

o a o 1 = Ay J a 1 [
ATUIN Wmimwgﬂ 2.5 AUHUI (A, ¢) AO ANADINI09AYTENBUNAN AU INLIMAN Tan

Q

e

[ 1 <

= 1 = [ d! Y =
YUOUN Lazyuueuu (1, D) MeunUIIMan lanussnna A, d) #a'1avnn1sdnm
1 <3 @ ' a 1 = A= o QB: o ]
ﬂTle,LiJL’Viﬁﬂ’]J‘iiWﬂTﬁiﬂﬂﬁ’)’f)ﬁﬂ\ﬁ’iu"llﬂﬁllwu!ﬂaﬁ)ﬂiaﬂﬂﬁﬂ‘ﬂ1 ANUHU AU (7\,5, (1)5)

amnsoAa laanuaumsauas tazlinANUAANAIA 130 o, MADAUNTN 9.34



COSp =cosp_ COSp, +sinpp sinp_ cos Ad
cosp = sin?»p sin?»S + cos?»p cos?»S cos((l)p —(])S)
p= cos (sinkp sinA_+ cos?»p cosh cos(d)p )

| = fan” (2 cotp)

2
Al =Ay | ————
1+3cos p

sinA_=sinA_cosp+cosA_sinpcosD
p s S

sinA_—sinA_cosp
p S

cosD =
X .

cosA_sinp
S

([ sinA_—sinA_cosp
: » .
D_=cos :

) cosA sinp

[ sinA
ADx =sin ( 2 )

sinp

-1
¢ =sin (cosIX sinADX )
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(9.25)

(2.26)

(0.27)

(.28)

(2.29)

(2.30)

(0.31)

(2.32)

(2.33)

(2.34)
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_Y

Qe

Moududwmanlanussnna (A, §,) (Butler, 1992)

9.4 Palaeolatitude and confident limits

0w = Y ) v = o Yy Ayy
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£ o 1 Ao 9 I ) 1 Aa .
1) Fedwrusidin IdezdunidumisuesazAgaussnna (palacolatiude - 1) Tag

Aa 1 <3 I o = ' = 9 1
wmsmmummeaﬂTam‘ﬂuaﬂymz“lﬂiwmwmafmmm mmmm‘luaumsmumq

— [ tanl

A, =tan 5 (0.35)
L ftan(I +o, )

kg =tan ' (%) (2.36)

_ 4 tan(IO—OL%)
A, =tan (—) (2.37)
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Magnetic Properties of Devonian-Triassic rocks from Loei and
Phetchabun provinces

Alkekarat Rittiniam and Tripob Bhongsuwan

Geophysics Research Center, Department of Physics, Faculty of Science, Prince of Songkla University, 90112
Hatyai, Thailand.

ABSTRACT

Rock magnetic study has been carried out on Devonian-Triassic rocks from Loei and Phetohabun provinees that located on
the western part of Indoching Block. Oriented rock samples were collected from 14 sites and measured magn etic propertie s
of rocks including anisotrapy of magnetic susceptibility (AMS), natural remanent magnetization (NRM), hvsteresis

parameters and alternating field (AF) demagnetization. Results show that the magnetic susceptibility (K} and NRM of

tgneons and sedimentary rocks differ significantly. Igneous rocks have higher K and NRM than sedimentary rocks (Kigee

SOACTT to 27000010 51, Keipew = 30010 1o 5000107 51, NEMigueus = 100 to0 22000 mA/m, and NRM g e = 0.8 t0 10
mAim). Koenigsberger ratio () of samples are within the range 0.1 to 540, and the most samples are in 0.5 to 100 region.
Low O values are dominated in the sediment rocks whereas only one site of volcanic rocks PBE2 shows a low (F value
(CF 0L.2). Degrees of anisotropy (P of Samples from central of Loel (Wang Saphung and Erawan) is higher (Py = 1.10) than
that of samples from the other areas, whereas shape anisotropy of samples v mived between prolate (T<0) and oblate
(T=0). High anisotropy of rocks in this zone are supposed to be orignated from palacotecionic stress induced anisotropy
that scewrred at the time affer rock formetion. Day plot of H_H, and MM, indicates grain size distribution of mogt
samples in the zone of pseude single domain (PSD) and superparamagnetic - single domain (SP-50) regions of magnetite.

Kevwords: Rock magnetism, Devontan-Triassic rocks, Loei-Phetchabun fold belt, Indoching Block

1. INTRODUCTION

Magnetic minerals are present in many types of rocks,

soils and sediments. Study of magnetic properties of

rocks or ‘rock magnetism® is a powerful method o
understand composition, concentration, evolution of
magnetic minerals. This technique can be applied in
various fields such as Palaeomagnetic/archaeomagnetic
dating, Palaeoclimate, environment, lava flows, and
Palseocurrent studies (Butler, 1992; Collinson, 1983:
Evans and Heller, 2003; Thompson and Oldfield. 1989:
MeElinny and McFadden, 2000). Since the last three
decade, many  studies focused on topics in rock
magnetism in Thailand (Haile and Tarling, 1975, Barr
and MacDonald, 197%; Bunopas, 1978, 1981; Maranate
and Vella, 1986: Bhongsuwan, 20007 but it still restrict in
some areas and'or some groups of rocks. Most reports
presented results from Mesozoic rocks, and just a few
reports  presented results from the Paleozoic rocks
(Richer and Fuller, 1996: Yang and Basse, 1993
Bunopas and Vella, 1978; Bhongsuwan, 20040 ).

The ohjective of this study is to investigate the magnetic
properties of Devonian-Triassic rocks collected from the
Loei-Phetchabun  fold belt (LPFB) in Loei and
Pheichabun  provinees, the north-wesiern  rim  of
Indochina Terrane. The magnetic properties of rocks
including magnetic susceptibility (k). natural remanent
magnetization (NEM), Koenigsberger ratio (). median
destructive  field (MDF),  anisotropy  of  magnetic
susceptibility (AMS) and hysteresis parameters will be

Cormespondin g author: tripop.bipsuac th
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present.

2. GEOLOGICAL SETTING

Thailand is a part of SE-ASLA that comprised of two
main Terrane. Fist, Shan-Thai covered the western and
southern part of Thailand, parts of Myanmar and Malay
Peninsula.  Second. Indochina covered east pmt of
Thailand  (Bunopas, 1981), Laos, Cambodia and
Wiemam. During the Silurian-Devonian, Indochina and
Shan-Thai had broken from the Gondwana and driven to
the north (Huetchison, 1989 Torsvik and Cocks, 2004;
Metcalfe, 2003). Indochina and south-china Terranes
were joined together in the Late Permian that created
Truong Son fold belt in Viemam. In the late Triassic.
Indochina was collided with Shan-Thai Terrane along the
Man suture (Charusiri et al, 2002). The collision between
India and Eurasia plate in Tertiary affected the tectonic
deformation in Thailand as reported in previous studies
(Charusiri et al, 2002; Khin Zaw et al, 2004).

Loei-Phetchabun Fold Belt {LPFB} is one of major fold
belts in Thailand that starts from the northern Laos PDR
through Thailand (Loei, Phetchabun, central Thailand
and Sra Kaeo) into the western part of Cambodia (DME,
2552; Ridd et al, 20011). LPFB consists of Late Perimian
o Triassic volcanic rocks in the north part, and Cenozoic
basalt in southern part (Intasopa and Dunn, 1994; Khin
Zaw et al. 20014, Kamvong et al, 2006; Kromkhun et al,
2003). Moreover, older volcanic rocks (Devonian-
Carboniferous and Silurian magmatic rocks) have been
found at Pakchom, Loei province that characterized by
rhyolite (Intasopa and Dunn, 1994). These voleanic rocks
in Loei province were analveed by Intasopa (1994) and
could be separated into 3 groups: (i) Devonian rhyvolite,
(it} Middle Devonian to Lower Carboniferous basalt, and
(iii} Permo-Triassic andesite. In Phetchabun provinee,
most of volcanic rocks are Permo-Triassic (PTw), which
distributed at the central and western areas. Otherwise,
woung volcanic rocks were found in southern area {Bung
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Sam Pan, Wichain Buri and Sri Thep districts) that were
indicated as Tertiary basalt (Bs) (Ridd et al, 2011; Khin
Zaw ctal, 2014 and Salam et al, 2014). Granitic rocks at
LPFB were one of the three granitic belts in Thailand call
*“eastern granitic belt” that was formed in Early to Late
Triassic (245-210 Ma) (Charusiri et al, 1993). The
sedimentary rocks at LPFB consist of Paleozoic (e.g.
Nam Duk Fm., Wang Saphung Fm., Pak Chom Fm,, etc.)
to Mesozoic (e.g. Nam Pong Fm., Khorat Gp., etc.) that
almost aligns from the north to the south.

Figure 1 presents a geological map of the study area and
sanplmg sncs ln this study, identification of rocks and
age were following the reports of the
Department of Mineral Resources, Ministry of Natural
R and Envi Thailand (DMR) and
previous studies (Intasopa and Dunn, 1994; Charusiri et
al, 1993; Khin Zaw et al, 2014; Salam ct al, 2014) as
summarized in the Table 1.

vy e e

Figure 1. A Geological map with pling site
locations in the study area (modified from DMR,
2009).

3. METHODS

Altogether fourteen sites were visited. Most of them are
Permo-Triassic  volcanic rocks and few sites are
De Permian sedi y rocks (Figure 1 and
Table 1). 149 samples were collected from selected sites
by using portable drilling hine with water ling
system, and core orientations were made using both

ic and sun comp to avoid bad orientation in a
hlgh gradlcnl carth field. Each sample was cut into
(25 cmd and 2.2 cm length)

by a rock cutting machine with water cooling and
selected for laboratory testing.

Magnetic measurements  were  performed  at  the
Palacomagnetic Laboratory of the Prince of Songkla
University and at the Electricity & Magnetism Research

23-24 November 2015, Khon Kaen ,Thailand

Table 1. Summary of site and rocks information of

study area.

Site  Location (Lat/Lon) Rock Type Age Reference
Lol 125137101 42616 Granodwnk Ple nL i)
LR 1790910191169 Skara e B3
LB 17.3848110166387 Skara «Tr (]
Lo 1735472101 66363 Skarn «Tr 1?2
LS 1735790101 3597 Limasstane r L)
L6 10mai0LeIN Granodorie r ©)
PCOL  16.11464100.69838 Andesite? Ple B)
PBOL 1627128100 75838 Andeute” e L]
PB2  1629246100.17011 Aaderee Ple B
PBY 1619731008628 Shal? r 8
e 1616995 10081646 Rhyoline e (L)}
s 1612069100 84472 Limawae r (L)}
PB6 161721004784 Andeste Pre ]
PBY 161611004748 Pisk Granie ' ML18)

Note: PTr.Permian to Triawic, DC Devoman © Cartoaiferow., eTr. Early Triamic,
P Permisn, IC:Late Carbonifirous , (1] Istasops (1993), (2] Khin Zaw t .
(2014),(3) DMR(2552), (4] Khin Zaw et al. (2007) and [$) Sakam et al (2014)

Laboratory, Kasetsart University. Low field magnetic
susceptibility (K.) and anisotropy of magncuc

susccpublhly (AMS) of
specimens were performed by KLY-3S Kappabndgc
(Agico, Czech Republic) lled and analyzed using

Anisoft 4.2 software (Chadima and Jelinek, 2009).
a) I

- T g
a8

Magnetic Susceptiblity (v1076)
i

EEEEREEEEEERE
1000000 She
b)
100000
10000
guu
[l
Z e
z

333338 8;:§¢
Figure 2. Box plot dllgr:n of a) magnetic
susceptibility (k) and b) natural remanent
magnetization (NRM) ( : sedimentary rocks ,
: igneous and skarn rocks)

j0s .08

R "'-g-"' i of r T ive P
were measured by tsmg JR-6 Spmnct Magnetometer
(Agico, Czech Rep ), and gnetized by AF

138



GP-1
5% GEQINDO 2015

demagnetizer (Molspin, England) with progressive
stepwise applied field starting from 5 mT up to 70 mT.
Demagnetized results were analyzed for the MDF
parameter to evaluate stability of remanence by Remasoft
3.0 software (Chadima and Hrouda, 2009). Magnetic
hysteresis measurements were performed  at  room
temperature by using Vibrating Sample Magnetometer
(VEM) with | T maximum field. Hysteresis parameters
were analyzed from hysteresis loop by using RockMag
Analyzer 1.0 software (Leonhardt, 2006) followed the
recommendation of Tauxe (2003). Magnetic grain size
distribution in rock samples were analyzed using Day
{1977y and Dunlop (2002) technique.

4. RESUALTS AND DISCUSSIONS

Summarized magnetic properties of rocks are presented
in Table 2. Most of igneous rock samples have high
magnetic susceptibility (K, > 0.0001 SI), whereas low
K, are found in limestone (LO5 and PBS5). The K,, values
are highly scattered at sites L02, LO3, PB2 and PB7
(Figure 2 a). Intensity of natural remanent magnetizations
{NRM) can be separated in two groups (Figure 2 b). First
group (NRM = 10.0 mA/m) includes sites LO1, L03, L4,
L06, PCOL, PBOL, PB2, PB4, PB6 and PB7. Second
group (NRM < 10.0 mA/m) includes sites L0O2, LO5, PB3
and PB5. Igneous rocks possesses a high NRM with
exception for pink granite at site PBT (NRM .y = 10.55
+ 10.34 mA/m). Relation between K -NRM as presented
in Figure 3, clearly shows differences between those of
Permo-Triassic and Devonian-Permian samples.

NRM intensity and K, shall be directly related to volume
content of single grain-sized feromagnetic mineral in
rock. However, natural samples usually possess
ferromagnetic minerals of various grain sizes. Therefore,
the variation of K, value and NRM intensity can
probably an effect of grain size variation, inhomogeneity
of mineral contents that may relate to geologic histories.
Magnetic examination is the best to understand the
effects of such differences related to the geological
histories.

LOEW ARl LAE-0]  LOES0]  LOES04 LOES0S  LOEede  LOE-0T

g rm
S

LaE-m

NRM (mAm}

LaEaL

Figure 3. A log-log diagram of k and NRM with
Koenigsberger ratios (Q) of rock samples.

In this study, we apply hysteresis parameters (Table 2)
with a modified Day plot (Day et al, 1977 and Dunlop,

2002) for grain size analysis. The results of
representative samples are present in Figure 4. Half of

23-24 November 2015, Khon Kaen ,Thailand

them shows their magnetic grain sizes in the PSD region,
with exception for samples PB5-3, PB5-6, L05-3, L02-5
and PB7-5, which are located far away from this region.
Data of samples from sites PB5 and LO5 are not good for
grain size analysis. Both sites contain too low
ferromagnetic mineral.

s
-

LU

sl

s
s +

R VI PR
N I L I U]

Hm
Figure 4. Day plot (Day et al., 1977 and Dunlop,
2002) of selected samples. SP: Superparamagnetics
SD: Single domain; PSD Pseudo single domain;
and MI: Multi domain.

Q value (Q=NRM/kH, where H is the magnitude of
Earth’s magnetic field (40000 nT) at the study area) of
representative samples varies from 0.0l to 100, and
approximately < 1.0 for half of all samples (Figure 3).
Ranges of Q value for sedimentary rocks are usually
0.02-10 while [-40 for igneous rocks (Hunt et al., 1995).
Previous studies show that samples having Q < 1, can
easily loss of their original remanent magnetization in the
present earth field (Hunt et al., 1993). Therefore, Rock
samples from sites L02, PB3 and PB5 having a very low
Q value (Q<0.1) indicate unstable remanence.

Median destructive field (MDF) is the AF demagnetizing
field required to reduce a remanence to 50% of its initial
value. It is a measure of remanence stability related to
coercivity (H,) and grain size of magnetic minerals.
Remanence carrying by magnetic mineral with small
grain-size in SD grains can be very hard to destroy by an
AF field. Therefore, rocks containing multi domain (MD)
grain size (=20 pm) are easily demagnetized, whereas
rocks containing single domain (SD) grain size (<20 pm)

olLit

(=1 ¥

aLa3

elid

» XLOS
o p,  oLiG
arcol
13 14t L5 gpp
-PRI

+PB3

arpd

aPBES

«PBG

oPR?

Figure 5. Jelinek (1981) plot of rocks sample from
study area, T: the shape parameter and P;: the
degree of anisotropy.

139



GP-1
5% GEOINDO 2015

are much harder. Dunlop and Ozdemir (1997)
summarized magnetic properties of rocks and showed
that MDF of remanence ranged from 20 to 40 mT
suggested pseudo single domain (PSD) ite.

23-24 November 2015, Khon Kaen ,Thailand

(PB2) show highest K, wvalues, and two sites of
limestone (LO5 and PB5) show very low K, values.

- Relation between K-NRM (Figure 3) can

Follow this condition, MDF results in Table 2 may be
interpreted that the specimens of sites LO3, L04, PCOL,
PBOl and PB2 possess remanence carried by MD
magnetite (MDF < 10 mT), while of sites LO1, PB3, PB4
and PB5 are carried by PSD magnetite (MDF > 20 mT).

Ditference magnetization within low field of induced
magnetism in various directions of rock samples, can be
described as anisotropy of magnetic susceptibility
{AMS). Second rank tensor with three principal vectors

Table 2. Results of rocks magnetic properties.

I pled rocks into two groups (Devonian-
Permian and Permian-Triassic but the results of grain
size analysis show a high scatter.

- Rock samples from central of Loei province
(limestone site LO5, skarn site LO3 and LO4) possess
significantly high P; wvalues, indicative of tectonic
compression.

- Rock samples from site LO1, LO6, and PB6
having a high stability of remanence are considered best

0 Mean (SD} Hysieresis Parameters

i K, fx 10°51) NRM (mA/m) MDF (mT) Crine ¥, T M, (Amkg) M, (Amikg) W, (T} H, )
Lot 12 49135 {0 61121 (25991} (I TSI Lmael)  aeses IZO1AE) 100 M100  S200.6000 569,953
Loz 1 65120411990 1y 9.54{19.60) 2211430 QIS@26 10400 022040 600,076 91500289 420011000 LEE 1306
Lo & TMNSSS(I0S06T)  27HL9S(ATS2S0) 4574251} ILSS(IS2L LI9@IN) -033(044)  JLI0ST3 110002650 2ES0.5800 11661360
Los 100 1EMA1ZEETSEY 2INST0(M9SSI  S0(135)  R96(40 LIT00Y)  034(019) 23800 2700 m 1294
Los 12 .45 2095) a1 (046 1525(69%)  QA2(04T)  12(007T)  0.0402% L] 270 0000 18
Lo 14 NTEAG0N0S)  I04MEZLT ITA(IZ60) 2201350 LO2(001)  -001(038)  L4AZLIS S0 11900 SI00.1I500 4402000
peal n 4705 (EA6) 114132 (212368} (163 2R62S0% LTI 0.05049 asl 447 0000 S
PROI n THE.00 (4940 17878 (168052 AAI)  SUSESIT L0S@ed) 03O am 1390 w000 1041
vz 13 225770118066 27) 10365 (100,55} &30 401) AXI@4 L0301} 005(048) 4z EE 000 a8
a3 7 45817 1051} RS =10 A0S@OZ)  LOZEOO0Y 006 @.14) a7 103 25600 an
g 12 1TE95(29199) S48 14 (#4536} =30 QM I0AY 10T (Q05) 051038 03I M0LNI0 H00,25700 25923172
ras 10 2w 1217) 71541075 226H(7TA5) 432624 105 (Q01)  -015(039) as i 200230 456060 330,732
Pig 10 2686000 EI995)  MESWESISLET 12000298 IL62GLSD  L2(D  029@0I5 750018600 700 10000 36003200 14151357
PAT 9 W9 2I0AN19) 10,55 (10.14) 141341056 QI9@20) 105 (004)  0.158.14p 211 940 17000 290

Nalc N:Number gk, K. mean scept iy, NEM. s remnent magnctation, SD: Stmdnd devistion, 0y, Koenigsherger ra. Py, The degree of asisotrogy. T (he shipe paraneice.

(K1 = K2 = K3) were used to describe AMS, and shape
of susceptibility presented by magnitude ellipsoid. This
study presented only mean susceptibility (K., shape
parameter (T) and degree of anisotropy (Pj) (Table 2).
The shape parameter (T) of the study rocks is mixed
between prolate (T<0) and oblate (T=0) susceptibility
ellipsoids. Most sites show highly scatter values, except
for sites LO4, PB6 and PB7. Difference on shape factor
(T) of rock samples can be cansed by different magnetic
minerals, deposition environment and deformation
degree of rocks. For example, oblate can be found in
normal sedimentation and prolate can be found in dikes,
lava flows, fault zones, compression zone, etc. Degree of
anisotropy (P)) of the study rocks varies from 1.02 - 1.23
(2 - 23%). Most samples from sites LO3, L0O4 and LO5
from central of Loei province have higher P; values (P; >
1.10 or 10%) and T < 0. This result suggested that rocks
from central of Loei are strongly affected by tectonic
force under compression. The direction of the
susceptibility ellipsoid can indicate the direction of
tectonic force acted on rock. For palacomagnetic
analysis, a high magnetic anisotropy rock can affect the
palaecomagnetic direction to some extents (Collison,
1983).

5. CONCLUSIONS

The results of this study can be summarized as follows:

- Bulk magnetic susceptibility (K,,) and NRM of
rock samples varies from 0.00003 to 0.027 SIand 0.8 to
22,000mA/m, respectively. Rocks collected from dike area

for palaecomagnetic study. In contrast, sedimentary rocks
from sites L0OS, PB3 and PB3 are not good because of too
weak magnetic signals (low K, and NRM), unstable
remanent (low () and low MDF) and strongly affected by
tectonic stress (high P)). However, some site of igneous
rocks could give the same results as sedimentary rocks
(PB7 and PB2).

- Finally, the LPFB is considered a magnetic
complex zone. The variations of magnetic properties of
rocks as presented in this study could be useful for
tectonic study of this zone. However, many more
sampling sites in the LPFB are suggested to study for
rock magnetism and palacomagnetism in the near future.
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of suracewave (MASW) and dassify sie condifon based on e
NEHRP in Banghok and 1he vicnity. Inaddion, fe predominant
periods of fe ground were delermined from the ratio of
horizental fo vertical Fourier spectra [H'Y speciral ralic) of he
reconded microwremors. The resull suggesis that for 206 sites of
combined active and passive MASW measurements, e Vg of
the sols vary fom 856 - 086 m's which is dassified as he
soll type Class E and dass D based on e NEHRP soll type
classification. Based on H'V speciral rafo of all 115 siles, it
suggests that e ground response ranges between (.51 - 058
sec. The data fom hese wo lechniques are then combined 1o
constrect a sie dassification map for a selsmec microzonaton
application and land-use planning of Bangkok and vicnity.

Keywords : Sile classifcabon, MASW, Vs, microtremor,
predominant peniod, Bangkok, seismic microaonation

Recent Investigation of Moho Depth and
Crustal Vp/Vs in Northern Thailand by
Receiver Function Technique

Tosa i
*E-mail: pengsal iomalloom

Curre i knowledige about Moho dept (H) and Vp'Vs (K) rafio
in Moriern Thaiand [NT ) have been dervedby receiver imcion
{RF} technique. However those resulls do not consider e
azimufal variaion of crust beneath each siation. This may bead
1o misinterpretation from the aciual properies. In this study, we
applied RF technigue to 4 vears long data (2011 - 2014) from 10
seismic  siations operated by Thaland Meteorological
Depariment (TMD} which contain more earfguake event fan
previous skadies and also new stafions that never have resulis.
Additionally, for each sile, we analyze a vasriaton of Moho deph
{H} and VplVs from diflerent source-receiver geomeiry
{azimum). For average crustal properdes at each siation, by
using afl source geomedry, ocur resufts agree quile well wih
previous studies. The difference can be ranging from about 027
t00.27 kmand -0.01 fo 004 for H and K, respectively. In ferm of
variation, the different of H and K fom different source geomedry
were observed at most of siation. This variafion can be refer io
non-fiatien crustal kaver beneath each station such as a dipping
of Moho, We expect hal hese results will improve fhe
knowle dge and undersianding of Northemn Thadand.

Keywords:
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Preliminary palaeomagnetic results of
Devonian-Triassic rocks from Loei-
Phetchabun Fold Belt (LPFB)

Akpxarat Rittnéam and Tripob Bhongsuwan™

Geophysics Research Centor, Depariment of Physics, Faculy
of Science, Prince of Songlla University, 80112 Hatyal
Thailand.
E-mail: tipop b@psu.acth

Major tectonic events of SE-Asia ocowred during Permian o
Triassic and Tertiany period. Palaeomagnedism is he sudy of the
Eariv's magnetic field recordesd in rocks that provides information
on the pastbehavior of Earh's fieid and past bocaton of fecionic
plates. In this study, we repor e prefiminary palasomagnedc
resufls of e Devonian-Triassic (D-Tr) rocks coflecied from Loed
and Pheichabun provinces, in e Indochina Terrane (INC). 14
giles {149 cores) of onented samples wene collected from fe
study area. Sampled cores were cutf into standard specimens
and palasomagnelic measurements were performed in the
laboraiory with aflermaing field (AF) demagnedization
progressively froms -~ 7OmT Belds. Appronimately half of
samples showed a highly scatiered remanence dise clions, which
resulted i a high 0x of characleristic remanence (ChiRM)
derectionwhich was not used for frther palaeoc magnedc
analvsis. The olher samples showed a small scatter and can be
dassfied info wo groups. First, 4 siles (40 specimens) of
Penmian-Triassic {P-Tr) rocks, the mean direction DVl {0x) and
paizsciatudewered 1.17293° (259%jandiS7°N (+201°, -
14.0°), respectvely. Second, 3 sites (23 specimens) of
Carboniferous-Permian (C-P) rocks, e mean direcfon and
palasctaftude were 116.97/43:2° (30.1°) and 252°N (+33.9°, -
18.5%) respectvely. During P-Tr and C-P, rotation of Indochina
Temane was in clockwise direcion. INC plate rotated 127°
{20 8" yduring P-Tr and 61.6° (+31.0) during C-P relaiive to
Souf China Block. However, this preminary palasomagnesc
resuils are highly scatiered and affecied on tecionic model.
Therefore, to increa se e statsical accwracy of palasomagnedc
resulis, many mode sampling Stes shall be visiled.
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