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Thesis Title Analysis and Interpretation of Rock Weathering Index Using Airborne

Radiometric Data in Songkhla Province

Author Mr. Manatpong Boonya
Major Program Geophysics
Academic Year 2015

ABSTRACT

This study aims to study an assessment of the weathering of rocks in Songkhla
Province by analyzing and interpreting airborne  radiometric data together with other remote
sensing data. Soil samples at various depths were collected to analyze for radioelement contents
and to measure magnetic susceptibility in laboratory. Furthermore, field survey was carried on by
using geophysical methods including ground penetrating radar and seismic reflection survey.

Results showed that the abundance of radioelements derived from airborne
gamma-ray spectrometric survey corresponded with geologic features and geomorphological
processes. The Weathering Index of Songkhla (WIS) model was generated by analyzing airborne
gamma-ray spectrometric data and digital elevation model (DEM); WIS = 2.778 -.453*K
+.006*%eTh/K -.005*Relief. The radioelement contents derived from soil samples well
corresponded with geologic features and geomorphological processes, and with airborne
radiometric data. The GPR section showed only near surface reflection signals. The reflection
seismic section showed continuous reflection signals separated into three layers. The estimated
depth ranges of these layers were 30 — 50 meters, 60 — 80 meters and 100 — 120 meters,

respectively.
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M3 2.1 DYNTUMITAIA 403 U (IAEA, 2003)

Nuclide Half-life Major radiation energies (MeV)
and intensities™®
o B
g 4.468x10%y 415 (23%) - _
¢ 419 (77%)
Th 24.1d - ~0.103 (19%) 0.063  (3.5%)
i' 0.191 (81%) 0.093  (4%)
Hpa 1.18m _ 229 (98%) 0.765  (0.30%)
sasn W 0.14% 1.001  (0.60%)
Hpy 6.7h _ 0.53  (66%) 010  (50%)
113 (13%) 070 (24%)
090  (70%)
Py 2.48x10%y 472 (28%) _ 0.053  (0.2%)
¢ 477 (72%)
B0 h 7.52x10%y 4.62 (24%) _ 0.068  (0.6%)
468 (76%) 0142 (0.07%)
MRa 1602y 4.60 (5.5%) _ 0186  (4%)
¢ 478 (94.5%)
2Rn 3.825d 549 (~100%) - 0510 (0.07%)
Hipg 3.05m 6.11 (100%) 033 (100%) -
99.938% 0.02%
24ph 26.8m - 1.03  (6%) 0295  (19%)
0352 (36%)
AL 28 6.65 (6%) 0.67 (94%) -
670 (94%)
i 19.7m 561 (100%) 326 (100%) 0.609  (47%)
1120 (17%)
1764 (17%)
164us 7.83 (100%) - 0.799  (0.014%)
| 1.32m _ 23 (100%) 029  (80%)
0795 (100%)
131 (21%)
Hpp ~22y 3.7 (1.8x10%%) 0.017 (85%) 0.047  (4%)
¢ 0.064 (15%)
ogj 5.02d 493 (60%) 1.155 (100%) _
~100% ~00001% 489 (34%)
4.59 (5%)
Mpg 1383d 530 (100%) _ 0.803  (0.0011%)
R 4.19m _ 1.520 (100%) _
Wopp Stable - - -

* Intensities refer to percentage of disintegrations of the nuclide itself, not to the onginal parent of the series.
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M3 2.2 OYNTUMITAIWAD ¥4 U (JAEA, 2003)

14

Nuclide Half-life Major radiation energies (MeV)
and intensities™
o B i
#y 7.13x10% 436 (18%) - 0143 (11%)
¢ 439 (57%) 0.185 (54%)
4.1-4.6 (8%) 0.204  (5%)
“ITh 25.64h - 0.300 (~100%) 0.026 (2%)
¢ 0.084 {10%)
ipy 3.43x10% 501 (<20%) - 0.027  (6%)
499 (25.4%) 029  {(6%)
¢ 494 (22.8%)
e 22y 495 (48.7%) 0.046 (100%) 0.070  {0.08%)
98.8% 1.2% 494 (36.1%)
487 (69%)
TR 18.17d 576 (21%) - 0.050  {8%)
598 (24%) 0.237 (15%)
604 (23%) 031 (8%)
By 2lm 534 (.005%) 1.15 (100%) 0.050 (40%)
f 0.080 {13%)
0234 (4%)
Ra 11.68d 561 (26%) - 0.149  (10%)
J’ 571 (53.7%) 0270 (10%)
575 (9.1%) 033 (6%)
MR 3.92s 642 (8%) - 0272 (9%)
J' 655 (11%) 0401 (5%)
682 (81%)
#pg 1.83ms 738 (100%) -
Hipp 36.1m - 0.95 (1.4%) 0.405  (3.4%)
¢ 0.53 (5.5%) 0427 (1.8%)
136 (92.4%) 0.832 (3.4%)
Aigj 2.16m 628 (17%) 060 (0.28%) 0351 (14%)
0.32% 96.68% 6.62  (83%)
Mpg 0.52s 743 (99%) - 0.570  (0.5%)
0.90  {0.5%)
Ry 4.79m - 144 (100%) 0.897 (0.16%)
Mph Stable - - -

* Intensities refer to percentage of disintegrations of the nueclide itself, not to the original parent of the series.



A3 2.3 OYNTUMIAAIWAD ¥4 ~"Th (IAEA, 2003)

15

Nuclide Half-life Major radiation energies (MeV)
and intensities™
o p ¥
HiTh 1.39x10"y 395 (24%) - -
¢ 401 (76%)
iRy 5.75y - 0.055 (100%) .
Ac 6.13h - 211 (100%) 034 (15%)
¢ 0.908 (25%)
096  (20%)
25Th 1.913y 534 (28% _ 0084 (1.6%)
¢ 542 (71%) 0214  (0.3%)
Ra 3.64d 545 (5.5%) _ 0241 (3.7%)
¢ 5.68 (94.5%)
2Rp 55.65 630 (~100%) - 055  (0.07%)
Hépg 0.145s 6.78  (100%) - -
Hipp 10.64h - 0.580 0239 (47%)
¢ 0300 (3.2%)
pj 60.5m 6.05 (70%) 225 (100%) 0.040 (2%)
64.0% 6.09 (30%) 0727 (7%)
1.620 (1.8%)
2po 304ns 878 (100%) - -
3.1m - 180  (100%) 0511 (23%)
0583 (86%)
0.860 (12%)
2614 (100%)
ph Stable - - -

* Intensities refer to percentage of disintegrations of the nuclide itself, not to the original parent of the series.
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317 2.2 Wrdavesan)n Tnslime I SaTuANLINIILINIA (www.picoenvirotec.com, 2013)

Analog to
Pulse
Detector ) digital
amplifier
convertor
HV
power
Spectral
Energy analyzer
spectral
display Breray
window
display

Block diagram of gamma ray spectrometer.
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70
T1-208 (0.58)
60 ”’Bi-214 (0.61)
. Bi-214 (1.12)
- 50+ r —K-40 (1.46)
= —Bi-214 (1.76)
3 40 TI-20£'i (2.61)
=
'E 30+ Total count——
£ 20 Potassium
—_— —
10 4 Thorium
0 1] T ] T ]
0 0.5 1.0 1.5 2.0 2.5 3.0

Energy (MeV)

319 2.4 anlnasuvessa@unuu JAEA, 2003)

A1519 2.4 FOINAINIUVDITITUANUIFINTUMTEITINUNUANINTITN1901NIA  (TAEA,

2003)
Window Nuclide Energy Range (MeV)
Total Count - 0.400 - 2.810
Potassium “K (1.460 MeV) 1.370 - 1.570
Uranium *Bi (1.765 MeV) 1.660 — 1.860
Thorium 71 (2.614 Mev) 2.410-2.810
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M5 2.5 Do UAveINTUINE1529 Survey-B & C (4533, 2539)
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Line spacing

1,2 uaz 5 nlawnsg

Control line spacing

14 nlawng

Flight altitude

400 v{n (MTC) An 18 IRy £ 30%

Line direction

NAALIUDDA — AZIUAN

Gamma ray spectrometer

MeV., Th-window = 2.42-2.82 MeV.)

256 channels, 12 Nal crystals, 50.30 litres, 4 energy windows (TC-window =
0.40 — 2.82 MeV., K-window = 1.36-1.56 MeV., U-window = 1.66-1.86

¥ia proton free-precession W30 optical absorption a9l

Magnetometer
- resolution < 0.25 gamma
- noise envelop < 0.25 gamma
-FOM. <4 gamma
VLF-EM TOTEM-TIA 308 2 an1fl fle NDE (ortho) A2 W@ 17.4 KHz. uag NWC

(line) ANND 22.3 KHz.

Positioning equipment

Tracking camera L& Doppler

Altimeter

Barometric and Radar altimeters

Sampling rate

1 second

A A A P L)
M3 2.6 193990 N 14 11N13d1599 Survey-B & C (Y3, 2539)

siinvouniosilo 1w Wie szuLveuR3Rsile ANNAzIdeA
Gamma ray spectrometer 256 channel developed by Kenting 1 count
Crystal detector 12 crystals 50.34 litres NaI(Tl) -
Magnetometer Geometric proton precession, model G803 & G804 0.25nT
VLF-EM sensor Herz Industry, model Tolem-2 A - 0.1%
Barometric altimeter Rosemount Inc., model 800 F&D 5 ft.
Radar altimeter Honeywell Inc., model YG7602 AC 1 ft.
Navigation system Canadian Marconi Doppler model AN/APN-208/CMA 0.001 mm
Tracking camera Automax Industry, model GS-2 1 sec.
Digital temperature sensor | Omega, model DP 611 C/W air temperature thermistor probe 1°F
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v Y H 1 Y
3UM 2.7 maganamen wdawa AN UAHUNUAY (http://letslearngeology.com/website/

mechanical-weathering/, 2014)

2.2.3 TlslWlamsepiavesiiu (Weathering profile)
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Rock

Grade Il
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Weathered
Rock

Grade |

Fresh
Rock

someyjron staining

51/ 2.8 Ts Twld@msiiauesiiu (Ehlen, 2005)
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1 AA ~ I 0o w 1 A & ~ -
AT N 2.7 L!ﬁﬂuiWL!Wﬁl%ﬂMlﬂu'ﬁ’]ﬁ]ﬂﬁgﬂﬂﬂﬁqﬂiyllazL!ﬁ@ua] ﬂ?qﬂWWUTWL!ﬂﬁlcﬁﬂM (IAEA,

2003)

Potassium Mineral Chemical Formula % K

Rock forming silicate minerals

Feldspar (K,Na)AISi,O;(Na ,Ca, )AL-xSi+xO8 (x0-D)

Alkali-feldspar (K,Na)AISi,O, 13
Microcline KAISi,0, 13
Orthoclase KAISi,O, 13
Sanidine KAISi,O, 13
Leucite KAISi,O 17
Nepheline (K,Na)AlSi,O, 23
Biotite K(Mg,Fe),AlSi,0, (OH), 8
Muscovite KALAISi,O, (OH), 8
Phlogopite KMg,AlSi,O, (OH), 8
Hornblende (K,Na), ,(Na,Ca),(Fe,Mn,Mg,Ti,Al),(Si,Al),0,,(OH,F), 1

Other K-mineral
Alunite KAL(SO,),(OH),
Glauconite (K,Ca,Na)<l(Al,Fe3+,Fe2+,Mg)2[(OH)2/A1 Si, .0, ]

0.35773.65 10

Sylvite KCl




M3 2.8 3NN uamneizenga (IAEA, 2003)
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Thorium Mineral Chemical Formula % ThO,
Minerals with Th as major constituent

Huttonite ThSiO, 80
Thorite, Uranothorite ThSiO,,(Th,U)SiO, 50, <50
Cheralite (Th,Ce,Ca)(SiO,PO,) 30
Thorianite, Uranothorianite ThOz,(Th,U)O2 80, <80
Common accessory minerals

Monazite (REE,Th)PO, 10
Xenotime YPO, 0.4-1
Zircon Z1Si0, 0.01-1
Allanite (Ca,AlFe,Mg) silicate 0.1-1
Apatite Ca(PO,),(F,CL,OH) 0.001-0.1
Sphene CaTiSiO, 0.001-0.1
Epidote CaFe,,A1,0.0H(Si,0,)(Si,0,) 0.005-0.05
1319 2.9 us TS inaesifiongs (AEA, 2003)

Uranium Mineral Chemical Formula %UO02/ppm U

Minerals with U as major constituent

Uraninite,(Pitchblende) Uo,

Betafite (U,Ca)(Nb,Ta,Ti),0,.nH,0
Huttonite ThSiO,

Uranospherite (BiO)(UO,)(0OH),

Thorite, Uranothorite ThSiO,,(Th,U)SiO,

Thorianite, Uranothorianite ThO,,(Th,U)O,

Common accessory minerals

Zircon ZrSiO,

Xenotime YPO,

Monazite (REE,Th)PO,

Allanite (Ca,AlFe,Mg) silicate
Apatite Ca(PO,),(F,C1,OH)

Sphene CaTiSiO,

100-200000 ppm

1-35%
5%

5%

5%

100-20000 ppm
10-2000 ppm
5-200 ppm
10-500 ppm




M3 2.10 ANMTUTuveIsInniua s @ luriuilsznnaien (Killeen, 1979)
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Rock Type Potassium (%) Uranium (ppm) Thorium (ppm)
Mean Range Mean Range Mean Range
Acid Extrusives 3.1 1.0-6.2 4.1 0.8-16.4 11.9 1.1-41.0
Acid Intrusives 3.4 0.1-7.6 4.5 0.1-30.0 25.7 0.1-253.1
Intermediate Extrusives 1.1 0.01-2.5 1.1 0.2-2.6 2.4 0.4-6.4
Intermediate Intrusives 2.1 0.1-6.2 3.2 0.1-23.4 12.2 0.4-106-0
Basic Extrusives 0.7 0.06-2.4 0.8 0.03-3.3 2.2 0.05-8.8
Basic Intrusives 0.8 0.01-2.6 0.8 0.01-5.7 2.3 0.03-15.0
Ultrabasic 0.3 0-0.8 0.3 0-1.6 1.4 0-7.5
Alkali Feldspathoidal 6.5 2.0-9.0 29.7 1.9-62.0 133.9 | 9.5-265.0
Intermediate Extrusives
Alkali Feldspathoidal 42 1.0-9.9 55.8 0.3-720.0 132.6 | 0.4-880.0
Intermediate Intrusives
Alkali Feldspathoidal 1.9 0.2-6.9 2.4 0.5-12.0 8.2 2.1-60.0
Basic Extrusives
Alkali Feldspathoidal 1.8 0.3-4.8 2.3 0.4-5.4 8.4 2.8-19.6
Basic Intrusives
Chemical Sedimentary Rocks 0.6 0.02-8.4 3.6 0.03-26.7 14.9 0.03-132.0
Carbonates 0.3 0.01-3.5 2.0 0.03-18.0 1.3 0.03-10.8
Detrital Sedimentary Rocks 1.5 0.01-9.7 4.8 0.1-80.0 12.4 0.2-362.0
Metamorphosed Igneous Rocks 2.5 0.1-6.1 4.0 0.1-148.5 14.8 0.1-104.2
Metamorphosed Sedimentary Rocks | 2.1 0.01-5.3 3.0 0.1-53.4 12.0 0.1-91.4




30

d

2.4 sz sMsMassalana

° Jd
2.4.1 ﬂ‘]ﬁﬁ‘lﬁ?ﬂ!ﬁﬂ‘lﬁﬂﬂﬂaﬂ

o A= . I ax
M3A132913A15HIAN (Ground Penetrating Radar: GPR) 11/u25n13

)

NNHIU V‘Iaﬂ?a{) Gl FAA ullmﬁaﬂulwWWﬂ’NiJﬂﬁ\iLW@ﬂﬁ?ﬂﬁfJ‘Uaﬂ‘HmuﬁlﬁN?ﬂujﬂﬂfnﬁﬂﬂaﬂﬂﬁ

a 1 1 a

Y @ A v g Y ] A A < A
ﬁzmummmumumﬂammmaﬂ"lw‘Nmmma’aﬂﬁaizmwnuﬂuwumwmmmmﬂau

1 [ 9 ! v ) [ A 14 1 a a a 9
Ll,lll‘ﬂﬁﬂvh/\l%hﬁ'lﬂﬂu gluﬂ’liﬁ’lﬁ’ﬁ] ﬁiymﬂmﬂauﬁmiﬂzgﬂmmﬂUﬂ’smmﬂumﬂmﬂmmﬁ

Y
a v oA

dedyanuad ldluau i iiend uﬁ’u 1uaumeldsisesde sz FUAURL duTANI

[ 9 % ia a [ 9 o
1mﬂ10ﬁ'}ui}$ﬁ$ﬂ@uﬂﬂh1ﬁW'J@]‘L!Ll,ﬁgQﬂﬂi?ﬂiﬂ@?ﬂﬁ?ﬂﬁnﬂ'lﬁill

—
=
=e
]
h3
]
Lo
e
=)
La)))Y
=
De
2
2

] 9
dyaw adudyaadnaiunilsezinmiurlTesassznInsuauas Il luszaunuan

D.

49! o A A A @ a R a [ a Y o ~
UINUU ﬂ\‘l‘ill‘ﬂ 2.9 WNIAAUNUNAUUIAUNINAINITOYNDNISINANITAENOULAS NI D NLIDS

U

fAadude lounimdavesnd ué’f'ﬂumunmwmm dgyanuaziouszgniuiinuazaide

Y k4 i1
m‘wmmwaﬂymzmuﬂuiuizﬂuﬁuammmﬁm

Transmitting Receiving

Antenna

Antenna

(Sato, 2001)

¥ A sa X2 A ~ 4 ! A ad  a
ﬂ’]iﬁ$°|/‘|@uf’ll’f]\3ﬂauli@'15Lﬂ@"UUUJ’[3]1]ﬂ’]ilﬂaﬂu&lﬂaﬂﬂ’]ﬂﬂﬂllﬂﬂlaﬂﬁﬁﬂ

[

(dielectric permittivity, &) ¥i3oam N1 1W¥ (electrical conductivity, o) FEHIeaeIiaa

L)

o = wAa ad a o 9, o o g (Y
AINAN ﬂ”IiL‘]JaEJLlLlﬂﬁﬂﬂmﬁﬂﬂﬁqﬂ@mﬂ@]iﬂllagﬁﬂTWLl"I“lV\IV\l”Iﬂl@\iiﬁﬂﬁ?ﬂaﬂmuﬂﬁl‘ﬂﬂ

a 1 g‘l j’ =) 1 1 1
ﬁﬂ"lWQTlﬂ‘ﬁiﬁ!’J‘VlEJ”l FU NTINFY Msdszaiu anudu ﬂsumusmasjf FOIIN LLATIDY

I 9 v J o A Y A A A ~ @ A
uan 1Huau i’]@5']ﬁ"J‘Ll‘Wﬁ\NTHﬂJ@QﬂGUﬁgﬂ@ullagﬂQUV]ﬂgaN']Llllli’]!iﬁfl'].llﬂf]ﬂﬂ']_lﬂau@ﬂ

L)



31

Aa 1 1 @ = @ o o ' A a g a @ a £
ﬂi$‘mJ“I/IW’Jiﬂﬂ@lflﬁ%ﬁ’)Nﬂ’]ﬂaNiﬂ‘] Nﬂ31wﬁwwuﬁﬂﬂﬂ1ﬂﬂﬂ1ﬂﬂlaﬂﬁiﬂ Taoduilseans

7
a 1

mIaziou (reflection coefficient, R) Uy aulszansnisng QWU (transmission coefficient, 7)

3 [
Wuaauns

R=——""—"" (2.5

inay I'=——mm (2.6)

o Y] % aa 1 1R A o 9 -': = I 9
mmumﬂmmnmmmt’nmu“lwmucmuﬁmwm”lvxlmmuamamwm'l:a

Y ' <3 ° < A 14 v @ A ' A Aac a
"lﬂvnummaﬂm ﬂﬁ?ﬂli?ﬂlﬂ\iﬂﬁl&ﬁﬂ?i%gLHJiWﬂNuﬂUﬁWﬂﬂﬁ@ﬂﬂJ@ﬂﬂWﬂﬂ‘ﬂllﬂ’f)!,aﬂﬂﬁﬂ

o v J [
AUNNT (relative dielectric permittivity, & ) ANETUNIT

2.7)

= y a a < A @
N1IVINNNANVITUAU (d) ?ﬂiﬂﬁﬂl]ﬁZL?J'L!ﬁnﬂﬂ’ﬂﬂlﬁﬂm@ﬁﬂﬁuﬁiyﬁgﬂﬂﬂu
H 9 1]
mﬂmaﬁ@gmﬁamiafm@izmwwuﬂmmznaﬂumsmumﬁ"lﬂ—ﬂaumamﬁmzmnmm!

HAZAITRINDITLHINNAINAN (7 ) AIFUAT

d=— (2.8)

o kY @ 1 1 A ] < Y A
anmwii e sdrinarsazdananenisaanauuesnauuiman Tiin
A A v ) o & = i . A ¥ a o~
waounewd 1 udInars anundsan (depth of penetration, 9 ) IzanaNNBFUAUT TN N
o 9 [ A S A Y ~ v KR o
i lWihge nazdyanunausasMiaon 19810099 (frequency, /) ANUKIIANVOIT YY1

A sl w 1 Ay ad a o Y < o
ﬂﬁuliﬂﬁ!ﬂuﬂﬂﬁﬂﬂﬁ (2.9) ﬂ?ﬂ\?‘i/lllﬂﬁ)l,aﬂﬁiﬂ ’ﬁﬂ?WLﬂllV\l’NW AU LAZDATINITAANDU

A o &

d' ] < Y o [ A A o 9
GUfNﬂa'LJL!JJL‘ViaﬂUh/\IV‘I1ﬂ1ﬂﬂ1iﬁh"J%’Jﬂ@‘ﬁimﬁﬂﬂ1ﬂ’ﬂﬂ@’3&lﬂ’ﬂn afyIuveIna Y

waian 1w 100 MHz taasluasne 2.11



32

5= 5033 2.9
oS

' { ad a ° 3 ) § g
a1519 2.11 anaf ladidnasn, aawii i, anuEuazsasinmsaaneuaauuuman i

nnmsdrsnluiagssaiinena luinnuddya maau 100 MHz (Davis and Annan, 1989)

Material g, o (mS/m) v (m/ns) o (dB/m)
Air 1 0 0.3 0
Fresh water 80 0.5 0.033 0.1
Dry sand 3-5 0.01 0.15 0.01
Saturated sand 20-30 0.1-1 0.06 0.03-0.3
Limestone 4-8 0.5-2 0.12 0.4-1
Shales 5-15 1-100 0.09 1-100
Silts 5-30 1-100 0.07 1-100
Clays 5-40 2-1,000 0.06 1-300
granite 3-4 0.01-1 0.13 0.01-1
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R=—L-= = (2.10)
AO p2v2 +p1V1 ZZ + ZI
A 20 v 2z
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AO p2V2 +p1V1 ZZ + ZI
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Material Density (kg/m3) Vp (m/s)
Air - 330-350
Water 1,000 1,400-1,600
Granite 2,600-2,700 4,500-5,500
Gneiss 2,500-2,700 3,500-4,800
Quartzite 2,500-2,700 5,000-5,800
Tuff 1,800-2,000 2,800-3,500
Basalt 2,800-2,900 5,000-6,000
Diorite 2,600-2,900 5,000-5,700
Rhyolite 2,500-2,600 3,800-5,000
Sandstone 2,400-2,700 1,400-4,200
Limestone 2,200-2,800 3,000-4,800
Dolomite 2,400-2,800 3,500-4,800
Shale 2,200-2,700 1,800-2,800
Wet sand 1,600-2,200 800-2,200
Dry sand 1,600-2,200 200-1,800
Wet gravelly sand 1,600-2,200 500-1,800
Dry gravelly sand 1,600-2,200 400-1,500
Sandy soil 1,400-1,800 250-600
Wet clay 1,900-2,000 1,200-1,800
Dry clay 1,900-2,000 700-1,200
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AN 4.2 AANUTUTUVOITINTUATIFINA I8 19A Y

Site site 01 site 02 site 03 site 04 site 05 site 06 site 07 site 08 site 09 site 10 site 11 site 12 site 13  site 14 site 15

E 678203 673532 670065 665688 660858 658735 657820 656866 655278 652779 650628 647578 645160 655899 628441

N 773015 770114 769326 770507 772257 772308 772306 774208 776293 779041 781992 785008 788172 783565 628441

k (%) Depth 0-10 cm 1.06 0.43 0.68 0.45 0.42 0.00 0.14 1.05 0.08 0.11 0.15 0.08 2.78 0.08 4.74
11-20cm  1.13 041 0.89 0.59 0.37 0.09 0.12 0.95 0.07 0.14 0.20 0.02 3.22 0.06 3.67
21-30ecm  1.13 0.51 1.03 0.72 0.43 0.06 0.10 0.92 0.08 0.05 0.26 0.00 2.95 0.01 3.78
31-40cm 145 0.58 1.13 0.78 0.45 0.02 0.17 0.72 0.32 0.07 0.02 3.02 0.08 5.38
41-50cm 131 0.59 1.25 0.79 0.54 0.00 0.18 0.57 0.24 0.07 0.04 3.19 0.02 6.25
51-60cm  1.40 0.65 1.17 0.76 0.51 0.05 0.18 0.59 0.21 0.09 0.04 2.94 0.11 5.44
61-70 cm  1.58 0.69 1.34 0.80 0.49 0.03 0.10 0.52 0.17 0.00 0.05 3.08 0.00 4.56
71-80cm  1.53 0.70 1.41 0.97 0.53 0.05 0.10 0.67 0.22 0.04 0.06 3.04 0.13 4.17
81-90cm  1.58 0.63 1.36 091 0.51 0.14 0.15 0.70 0.13 0.08 0.06 2.98 0.07
91-100 cm 1.48 0.68 1.45 0.85 0.65 0.06 0.13 0.80 0.10 0.06 3.08 0.09

eU (ppm) Depth 0-10 cm 3.78 6.54 3.43 5.53 3.46 5.28 431 1140 343 3.95 3.41 2.79 11.16  5.84 26.79
11-20cm  4.27 8.13 3.39 8.68 3.42 5.43 4.57 1126 442 4.05 5.09 248 13.08  6.09 26.74
21-30cm  4.49 8.84 4.15 10.80  3.20 5.49 493 10.70  4.82 4.74 5.74 2.64 12.32 644 26.91
31-40cm  5.34 8.29 3.58 10.83  3.95 5.35 442 9.70 4.47 4.11 3.10 13.76  5.62 25.98
41-50cm  5.74 7.85 4.83 9.37 3.71 5.38 4.38 9.88 4.86 4.90 3.15 1405 585 24.26
51-60cm  5.81 8.17 6.07 9.14 3.64 5.25 4.26 9.55 4.62 4.77 2.84 13.05 546 25.67
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AN 4.2 AANUTUTUVOITINTUATIFNINAIDE19AU (71D)

Site site 01  site 02 site 03  site04 site05 site06 site 07 site 08 site 09  site 10 site 11 site 12 site 13 site 14 site 15

E 678203 673532 670065 665688 660858 658735 657820 656866 655278 652779 650628 647578 645160 655899 628441

N 773015 770114 769326 770507 772257 772308 772306 774208 776293 779041 781992 785008 788172 783565 628441
61-70cm  5.79 8.16 5.27 9.66 3.16 5.58 4.42 9.49 4.64 4.50 3.29 14.04 5.47 23.46
71-80cm  5.75 8.88 5.57 9.03 3.92 5.50 4.56 9.22 4.50 5.40 3.40 1343 5381 22.59
81-90cm  5.54 9.42 5.84 9.98 4.48 5.27 5.16 9.94 4.74 6.20 3.69 1336 530
91-100 cm 5.71 8.39 5.35 12.21 4.06 5.04 4.70 9.68 6.29 2.77 1292  5.65

eTh (ppm) Depth 0-10 cm 16.64 12.58 13.76 12.70 1225  24.67 10.81 23.86 9.74 13.89 10.69  5.22 3349 3459 127.48
11-20cm 1659 1685 16.04 1541 1190 2140 1336 2562 1057 1525 1396 5.56 4197 3544 12474
21-30cm 1920 18.89  16.16 2245 10.08 2198 1390 2264 1508 1724 2046 5.83 39.06 3640 12473
31-40cm  22.71 20.08 17.68 2745 12.08  22.01 15.87 2279  25.69 16.99 7.60 3997 3493 138.28
41-50 cm  22.49 19.97 19.12  28.88 12.88  23.40 16.53 2329 2486 18.32 7.19 42.15  31.16 145.03
51-60cm 2347 19.64 21.51 28.61 12.03 2536 1726 2296 2593 18.72 8.60 3875  33.63 12831
61-70cm  24.67 19.839 21.09 30.30 12.06 2797 1521 21.83 29.00 17.82 6.99 4120 3226 11939
71-80cm 2845 2140 19.27  30.34 10.91 30.38 1830 22.68 33.17 22.29 8.22 41.41 30.19 120.63
81-90cm 2635 2297 2243  27.29 1424  30.27 1745 2344 3219 22.08 9.76 40.14 3271
91-100 cm 26.51  22.75 2294 3459 17.09 2899 19.51 2327 21.06 9.16 46.70  31.83
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Site site 01 site 02 site 03 site 04 site 0S5 site 06 site 07 site 08 site 09 site 10 site 11 site 12 site 13  site 14 site 15
E 678203 673532 670065 665688 660858 658735 657820 656866 655278 652779 650628 647578 645160 655899 628441
N 773015 770114 769326 770507 772257 772308 772306 774208 776293 779041 781992 785008 788172 783565 628441
Magnetic susceptibility (X 10™°)
Depth 0-10 cm 947.9 84.3 1134 3152 53.8 122.1 1133 69.3 94.4 119.8 447.1 63.1 34.8 4713 721
11-20 cm 629.2 74.0 1012 3279 56.4 119.6 80.6 62.4 93.9 77.8 367.7 48.7 36.5 412.6 107.0
21-30 cm 6114 60.4 83.4 3753 52.5 1354 100.2 54.6 149.6 62.2 514.7 46.2 315 5769 91.6
31-40 cm 720.3 62.1 75.6 227.3 53.3 1272 1043 48.1 589.2 54.3 44.6 29.8 7573  65.7
41-50 cm 634.0 61.8 74.7 176.3 49.9 126.0 98.8 49.0 728.4 443 442 31.2 5169 40.8
51-60 cm 683.5 56.7 70.9 141.4 48.4 129.0 1083 55.3 794.6 38.0 45.8 29.9 698.0 442
61-70 cm 979.5 56.2 70.9 149.4 52.8 130.5 1150 50.7 439.6 40.3 38.5 333 529.7  50.9
71-80 cm 11940 594 69.7 253.9 54.1 1450 138.6 59.9 276.2 37.7 37.8 38.2 5644 522
81-90 cm 1661.7  60.0 64.2 153.5 50.1 136.0 1657 59.8 310.1 43.6 34.0 38.2 472.8
91-100 cm 14323 68.6 76.0 136.8 46.7 1285 2674 56.2 36.0 352 37.0 376.9
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E N wC K (%) eTh/K (ppm eTh/ % K) Relief (m)
636300 773800 1 2.83 8.27 138.21
676200 763000 1 3.58 6.83 97.68
626200 767000 1 3.49 9.20 81.45
677100 785500 1 3.22 5.65 97.10
700000 746700 1 2.54 7.80 150.22
696600 749300 1 3.22 7.73 42.79
682300 723700 1 3.51 6.47 54.04
621800 784600 1 2.99 8.40 133.99
641000 750900 1 1.72 9.60 156.15
683600 765500 1 3.01 3.98 59.54
639800 763200 2 1.28 13.12 34.55
674800 773300 2 1.25 11.66 24.30
644000 750500 2 1.22 11.71 33.45
680500 778000 2 1.10 14.38 29.50
677800 782400 2 1.58 14.50 27.49
643800 750500 2 1.27 11.15 28.40
673600 771100 2 1.12 13.24 16.18
641500 762100 2 1.37 11.57 23.14
696000 750600 2 1.13 14.77 15.22
723100 734300 2 1.25 19.92 27.59
654000 786900 3 0.11 101.29 14.72
656400 752200 3 0.01 46.08 14.15
671000 780500 3 0.82 24.29 7.98
654500 781000 3 0.03 51.51 14.65
662000 763500 3 0.15 39.09 10.80
645500 779500 3 0.51 19.20 13.54
699800 759900 3 0.19 30.51 11.54
665700 786400 3 0.14 24.00 3.10
693100 771200 3 0.13 32.14 7.21
712500 733200 3 0.12 46.15 13.83
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Report Date 08/08/44 Zone 47N 639337E 786592N
Ban Ban Plai Han School Mu Thi 05 Tambon Kamphaeng Phet
Amphoe Rattaphum Chanwat Songkhla

Depth: 42 m  Aquifer type: clay, chert Depth to bed rock: 30.0 m

Perforation: 15 -27 m

Rock type Depth (m): from - to
Clay: light gray, silty, sandy, nonplastic, slightly compacted to loose. 0-2
Sand: reddish brown, clayey, ferruginous, medium grained to coarse grained, 2-3

Angular to subangular, poorly sorted to moderately sorted, composed of
quartz with feldspars.

Clay: light reddish brown and yellowish brown, partially limonitic, 3-18
lateritic, composed of chert presented at the lower parts, nonplastic

to slightly plastic, slightly compacted to moderately compacted.

Chert: yellowish brown, slightly calcareous, limonitic, hard to compacted. 18 - 20

Clay: grayish black, calcareous, partially limonitic, nonplastic, slightly 20 - 30
compacted.

Shale: greenish black and black, calcareous, hard to compacted, highly 30-42

weathered at the upper parts.
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H0423SKL159

Report Date: 08/09/43 Zone 47N 639844E 783838N

Ban Ban Huai On School Mu Thi 04 Tambon Kamphaeng Phet

Amphoe Rattaphum Chanwat Songkhla

Depth: 45m  Aquifer type: - Depth to bed rock: 13.5 m

Perforation: -

Rock type Depth (m): from - to
Clay: reddish brown, ferruginous, nonplastic, slightly compacted. 0-5
Clay: gray, nonplastic, slightly compacted. 5-14
Shale: black, calcareous, dense, hard to compacted. 14-15
HO0582SK1.253

Report Date: 07/02/44 Zone 47N 673285E 780431N

Ban Wat Tha Kham School Mu Thi 03 Tambon Tha Kham

Amphoe Hat Yai Chanwat Songkhla

Depth: 36 m  Aquifer type: granite washed Depth to bed rock: unconsolidated

Perforation: 24 —27,30—-33 m

Rock type Depth (m): from - to
Granite washed: 0-36

white, coarse sand, subangular to rounded, poorly sorted,

composed of quartz with micas fragments.
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HO0855SKL374

Report Date: 08/09/43 Zone 47N 674779E 777529N

Ban Ban Khao Kloi (Ok Thanon) Mu Thi 07 Tambon Tha Kham

Amphoe Hat Yai Chanwat Songkhla

Depth: 27m  Aquifer type: gravel Depth to bed rock: unconsolidated

Perforation: 12 - 18 m

Rock type Depth (m): from - to
Gravel & Clay : 0-5

light reddish brown and pinkish brown, sandy, limonitic, very fine
gravel, subangular, consists of 70% gravel, 30% clay, composed of
quartz with feldspars, plastic, compacted.
Gravel : yellowish brown, clayey, sandy, very fine grained, subangular, well 5-9
sorted, composed of quartz with feldspars.
Gravel : light gray, sandy, clayey, very fine grained, subangular, well 9-27

sorted, composed of quartz with feldspars with muscovite fragments.

H1108SKL499 (2)

Report Date: 17/08/90 Zone 47N 675162E 782659N

Ban Ban Klang Mu Thi 05 Tambon Phawong

Amphoe Muang Chanwat Songkhla

Depth: 23 m  Aquifer type: gravel Depth to bed rock: unconsolidated

Perforation: 12 -21 m

Rock type Depth (m): from - to
Clay : light yellowish brown, moderately sandy, slightly gravelly, plastic. 0-2
Gravel : light brownish gray, moderately sandy, moderately clayey, very fine 2-11

gravel, subrounded to rounded, well sorted, composed of quartz.
Gravel : light brownish gray, slightly clayey, fine gravel, subrounded to 11-23

rounded, very well sorted, composed of quartz.
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Abstract

Airborne gamma-ray spectrometric survey measures the abundance of natural gamma ray emitted from
potassium (K), uranium (U) series and thorium (Th) series in the top of the earth’s surface. Gamma ray
emitted from the ground surface relates to the mineralogy and geochemistry of bedrock and weathered
materials. Airborne gamma-ray spectrometric method can be used to study weathering of rocks. The
weathering is disintegration or alteration of rocks and minerals by chemical and physical processes
those relate to environmental condition at or near the earth’s surface. The weathering process modifies
the distribution and concentration of radioclements from initial bedrock concentration. The
concentration of potassium generally decreases with increasing the weathering of rocks because
potassium is highly soluble and leaches from weathering profile, whereas the concentration of uranium
and thorium in weathered rocks depends on complexities of dissolution and precipitation process of
each radioclement. The weathering data of rocks in Songkhla Province obtained from analyzing
airborne gamma-ray spectrometric data and digital clevation model are compared with geological,
erosion and landslide hazard maps. Data processing and interpretation are currently being carried out.

Keywords: Airborne gamma-ray spectrometry, Weathering, Radioelements, Songkhla Province

though soils, rocks and air. Therefore, there is only
gamma ray that can be detected by airborne
radiometric survey. Generally, there are many natural

Airborne gamma-ray spectrometric survey is one radioisotopes. However, there are only radioisotopes
of aerial peophysical methods by measuring of potassium, u_ranlium series and thorium series that
abundance of natural gamma ray emitted from can produce sufficient gamma ray to be measured b)’
potassium (K). Uranium (U) series and thorium (Th) ~ gamma-ray spectrometry. Potassium measurement is
series in the top of the earth’s surface. The abundance direct estimate from abundance of K. Uranium and
of gamma ray emitted from the ground surface relates Thorium measurement are indirect estimate through
to geochemistry and mineralogy of bedrock and  daughter radioisotopes, *'*Bi and **T1 respectively.

Introduction

weathered materials. Airborne gamma-ray Potassium is a major component of the earth’s
spectrometric survey has been used in many  crust (~2.5%) [Wilford, Bierwierth and Craig, 1997]
applications, such as detecting mineral deposits, and is mainly found in rock-forming minerals such as

geological mapping tool and  environmental K-feldspar and mica. The abundance of potassium is
applications. The objective of this work is using  high in felsic rock but low in mafic and ultramafic
airborne gamma-ray spectrometric data to study the rocks. Uranium and thorium are a minor component
weathering of rocks. Studying the weathering of rocks of the earth’s crust (~3 and ~12 ppm respectively)
is beneficial because the weathering is one of [Wilford, Bierwierth and Craig, 1997]. The
important factors affecting the occurrence of landslide abundance of uramum and thorium is high in
apart from rainfall and deforestation. Nowadays, the accessory and resistant minerals such as monazite,
landslide is an important disaster destroying a lot of ~ Xenotime and zircon but low in rock-forming
lives and building. Consequently, the weathering data minerals
of rocks covering a wide area are useful to further Weathering is breaking down or alteration of
study the landslide hazard area. rocks and minerals by chemical and physical
Radioactivity is common phenomena of natural processes that relate to environmental conditions at or
geological materials. Radioactivity occurred in three near the earth’s surface. The weathering of rocks can
types that are named alpha particle, beta particle and ~ be separated in two major types which consist of
gamma ray. Alpha and beta particles cannot move physical weathering and chemical weathering. The
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physical weathering is disintegration of rocks into
smaller pieces by mechanical process without a
change in mineral and chemical composition of rocks.
The chemical weathering is alteration in composition
by chemical reaction of minerals with elements in
water and air. Factors influencing the weathering
intensity of rock consist of parent material, external
climate, topography, biotic potential and time. During
weathering, potassium  concentration — generally
decreases with increasing the weathering because
potassium has high solubility. In contrast, Thorium
has low solubility and solubility of uranium depends
on valence state of uranium ion. Therefore, the
concentration variation of uranium and thorium
during weathering is complicated. Uranium and
thorium are released from rocks during weathering
but can be adsorbed by clay oxide of Fe and Al in
weathering profile.

Materials and Methods

Study Area

Study area is Songkhla Province. Songkhla is an
east coastal province in southern Thailand which
covers an area of 7,393.889 km? This area is located
in 6°17-7°56' N latitude and 100°1’-101°6¢" E
longitude. Landform in the north part mainly is
alluvial plain, the east part is coastal plain and the
west and the south parts are mountains and plateau.
Songkhla has been influenced by tropical monsoons
which include the northeast monsoon and the
southwest monsoon. Therefore, Songkhla has only
two seasons. The hot season is from February to July.
The rainy season is from October to January. Figure 1
shows geological map of Songkhla [DMR, 2007].
Songkhla is mostly covered by Quaternary sediments.
The found oldest rock occurs in  Cambrian period.
Sedimentary and metamorphic rocks are found having
many types. Moreover, igneous rock found in this
area is granite occurring in Triassic period.

e |
1 |Sedimentary and
| Metamorphic rocks
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|

i |lgneous rocks

H

Figure 1. Geological map of Songkhla Province.
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Data sets

This work studied the weathering of rocks by
using airborne gamma-ray spectrometric data. The
data consist of K, eU and eTh. These data were
derived from surveying in 1984-1989 which cover
most area of Thailand under handing of the
Department of Mineral and Resources. Potassium is
expressed in percent while uranium and thorium are
in parts per million. The digital elevation model
(DEM) was also used in this work. DEM was derived
from The Shuttle Radar Topography Mission (SRTM)
elevation data collected in 2000. Figure 2 shows all
data sets that were used.
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Figure 2. a) Potassium map, b) Thorium map,
¢) Uranium map and d) DEM.

‘Weathering intensity of rocks

This work used the weathering intensity index
(WII) [Wilford, 2012] to assess weathering intensity
of rocks in study area. The WII formula was
generated by analyzing correlation between airborne
gamma-ray spectrometric data and DEM with
weathering class for the Australian continent in 2012.
The weathering class is levels of rocks-weathering
intensity from field investigations which separated
into six levels. The WII formula is shown below.

WII = 6.751+-0851K +—1.319Relief (@))]
+2.682Th/ K +-2.590Dose

The dose rate was calculated by using the formula
13.078 K (%) + 5.67 U (ppm) + 2.49 Th (ppm)
[TAEA, 2003] and is expressed in nanoGrays per hour
(nGy/h). The relief surface was generated from DEM
analysis by calculating the difference between the
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radius.

Results and Discussion

The abundance of radioelements corresponds
with geological features and landscape process (figure
1, 2 and 3). Figure 3 is ternary map (RGB = K, Th
and U). Granite mountain zones apparently show high
concentration of K, Th and U, whereas other zones of
sedimentary and metamorphic rocks show lower
concentration. Moreover, the ternary map can show
channel as a result of transportation and deposition
from granitic mountain.

Area of special interest is granite mountain
zones. Main component of granite are quartz and
feldspar. Feldspar is easily weathered by hydrolysis
reaction. Besides, granite zones are higher steep than
other zones. Therefore, these zones have high risks in
occurrence of landslide.

Granite mountain

Channel

Figure 3. Ternary map.

The WII image for Songkhla shown in Figure 4
was calculated by using equation 1. The WII values
can be used to indicate weathering intensity of rocks.
Values of the WII increase with increasing weathering
of rocks.

Figure 4. WII image.
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The WII image in Songkhla indicates that the
WII values in low plain areas are higher than
mountain zones. In plain areas, there is much time for
rocks to weather. In contrast, mountain zones have
more slopes. Weathering of rocks in these zones is
more difficult. Moreover, weathered rocks in these
zones may be eroded from the origin by agents such
as wind and water. Therefore, the WII values in
mountain areas are lower.

Figure 5. Slope image derived from DEM.

Slope image for Songkhla shown in Figure 5
was calculated from DEM data. Levels of slope were
separated into mnine levels. The slope levels
correspond with WII values. High levels of slope
correlate with low WII values, whereas lower levels
correlate with higher WII values. The levels of slope
affect weathering intensity of rocks and erosion rate.
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the WII values and slope
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Figure 6. erosion map.

Figure 6 shows erosion map [LDD, 2002].
Erosion levels are separated into five levels. Most of
erosion map corresponds with the WII values. High
erosion levels correlate with low WII values, whereas
lower levels correlate with higher WII values.
However, some zones are not correlated. For example,
the WII values of the granite mountain area in west
Songkhla are not correlated with erosion levels. This
area is mountainous that there are both high and low
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slope. The erosion map shows low levels in this area,
whereas the WIT image shows low values in steep
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Figure 7. Landslide hazard map.

Figure 7 shows landslide hazard map [DMR, 2004].
This map shows risks in occurrence of landslide
which separated into three levels. This map indicates
that landslide hazard areas mostly are near the granite
mountain, whereas other zones have no risk although
there are the high WII values. In the risk zones, high
values of the WII indicate high risks in occurrence of
landshde, whereas lower values indicate lower risks.
High values of the WII in mountainous zone are result
of high weathering intensity of rock and thick layer of
weathered rocks. In contrast, low values may be result
of low weathering intensity of rocks or high erosion
rate.

Conclusions

The airborne gamma-ray spectrometric data can
be used to assess weathering intensity of rocks.
Particularly, potassium  content  systematically
decreases with increasing the weathering of rocks.
This work indicates possibility of applying the WII in
order to assess weathering intensity of rock in
Songkhla area. The WII values correlate with
geological map, slope image derived from DEM,
erosion map and landslide hazard map. However, this
index might be adjusted for this area because of
difference in geology and climate between Thailand
and Australia.
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