CHAPTER VI
THERMOLUMINESCENCE DATING

In this chapter, basic concept of dating
paleoearthquake is revealed at the first section in order
to provide the general concept of how to determine ages
of paleoearthquakes. The second section is a brief review
on Quaternary dating methods, and suitable materials used
for dating methods are also summarized in this section.
In addition, thermolumlnescence(TL—) dating has explained
in the third section is composed of four
subsections; basic congaép W9 # JrL-dating, paleodose and
annual dose evaluatio ,\ a]l¢e u_f rection, and plateau
test. Finally, TL-dat%ag- 'Als thesis study is

cited in the last

The main p e lgation in this
thesis study 8 rm1ine g age of past
earthquakes or ially prior to
historical peri®d akes. There are
two methods fo paleoearthquake;
directly and ind: s composed of two
techniques which modeling and age
estimation from ™ on fault scarp
techniques. These i _ ‘ rectly used to date
the formation of coseiBmic st v1a scarp degradation
modeling and quantitﬁ% scarp soils,
respectively. : Je uncertainties
is found 1in 3 ; > 8 - rast, indirect
methods have ' : of numerical
datings. The methods ' agelating of fault-
related sediments or landforms McCalpln, 1996)

There h’}ézlﬂﬂg ﬂp&q ﬂc%zect dating,
namely, gollevial~-
wedge datl In this ‘the51s only isplaced-
depo ts that
N RSN T e R

layers§ in the study area. According to this technique,
the basic concept is mainly based on structural geology,
which explains for the individual faulting event.
Generally speaking, age of the event must be younger than
faulted bed and older than the overlain unfaulted bed.
For example, in Figure 6.1, there are units 1,2, and 3
found displaced by faults and overlain by units 4, 5, and
6. It can be explained that faulting event must be
occurred between deposition of units 3 and 4.
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6.2 Quaternary Dating Methods

After faults or other evidences of paleoearthquakes
have been identified in the field, selected layers of
fault-related sediments are proposed to carry out bracket
age of faulting event as the following steps. To
determine age of fault-related sediments, suitable
methods of dating are chosen depending mainly on
properties of materials and accuracy and precision of
dating methods. Because it is important that different
dating methods are become with different tasks and dated
materials. For a past _feu ade, dating methods for
Quaternary materials have | wweloped and applied to
solve fault problepsuaEiaE ) had reviewed 18
dating methods - e materials for

neotectonic studies fo). %fe 6.1. All these
methods can Dbe < 1, T types; annual,
radiometric, ; ogen 4 ““:\z"t ags—oriented, and
correlative. In ; Ywilho \ Olman (1987) had
grouped Quaternzs¥ Jdé 4 2 X ate afour main types;
numerical age, b fation® age, . pelative age, and
correlation age. : 7§ pee 38 it beyond the scope
of this study, Turghe ormat , ‘ all methods is not
described herein gexger adia ] 'I=dating due to its
application in thi 2 515G [ Ja
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Figure 6.1. Trenching wall of a gravel pit showing normal
faults cut across sedimentary layers. This faulting
event must be occurred between depositions of units
3 and 4 (after McCalpin, 1996).
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Table 6.1. The summarization of dating methods for
neotectonic studies (after Pierce, 1986).

Dating method Material dated
Annual Historical records Eye withness accounts,
historical documents,
legends
Dendrochronology Annual tree rings
Varve chronology Deformed lake sediments
Radiometric Carbon-14 Charcoal, peat and

shells from offset datum
horizon
Fossil coral reefs,
wolluscs, bone,
ogenic carbonate
Waring igneous rocks,
\ -_ : anic glass shards,

Wy caon

Radiogenic : : \ vium colluvium, loess
' S \; z and feldspar
1"“\E.,'ns in feplt scarp~
iy .

Jerived colluvium

0“-\.,.~~ tz-bearing fault gouge

Urani

Process-oriented W e Mollusca, skelatal
ra ‘ el naterial

Lich et ‘Lichen on gracial morianes
— and fault scarps
Soil chronolog Degree of soil development
e “ n offset geometric

QXL aces

L},#f nish, weathering

Ekope morphometry Fa j scarp and offset
erosional scarps

Correlative S'!.]:&j_ ra h?] QU Scarp-derived colluvial
k] J1ld
ﬂ u ﬂcge g jw m her and other
* ‘ . d

2

artifacts
morianes

® metﬂ%d used in this thesis study



125

6.3 Thermoluminescence Dating

6.3.1 Basic Concept

Generally, insulators such as covalence solids and
glasses can generate thermoluninescence (TL-) signal, but
metals can not. As a result, TL-dating method can be only
applied with an insulator crystal. A simple model to
review on general background of TL-dating method is based
on ionic crystal model, which is simplified as shown in
Figure 6.2.

calcium carbonate and
rtice of positive and
an be defected due to
om, a rapid cooling
from the moltenw uclear radiation.
The defected lat ' ,Jcking of electron
from its proper 4 eC Bz vacancy, called

] | 78 from vicinity to
ionized electron
earth materials
iclear radiation and
damaged to the

Ionic crystals,
sodium chloride are.
negative ions. In
at least three re

fill up in this
is the result
or solar radiati
solar radiation

Electrons hawv sen trapped An trap holes lasted
until shaken out due ®o- ~ion of crystal lattice.
A rapid increase of to high in narrow range

leads this v1~rat1@n “to” be i A addition, high
temperature usSually u e aeie 'c_candevict electrons
from deep elect "sed around the

crystal. Note Eﬂe _ jﬂt crystals, there
are different pes of traps, then opfimum temperatures
to evict electrons_in different,crystal traps are unique.
However, into two
different ﬁﬂﬁf’:ﬁw iﬂg mqﬁtat different
types of déffect which is deeper trap, and secondly to be
recombined with an ion 4n latticéws which eldetrons once

ha"@‘ﬁ'l‘ﬂ@ﬁ??ﬁﬁﬂ‘lﬁ’]ﬂﬂﬁﬂ d

ccordlng to TL-method, since it has mainly
concerned only on recombination process, then the process
is also reviewed in this section. Anyway, there are two
types of recombination process; radiative (i.e., with
light emission) or no-radiative. For this method
radiative type is interested, which ions or atoms from
this recombination process are <called luminescence
centers and the emitted light is thermoluminescence.
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A simplified model of energy 1level to present
thermoluminescence process is illustrated in Figure 6.3.

There are electron trap (T) and center of
luminescence (L) located as intermediate between the
valence band and the conduction band. The energy (E) 1is
required in an optimum level to shaken out electrons from
its deepest hole. In general, when electrons have already
shaken out by heating, and recombination is done at the
centers of luminescence, light is emitted. However, in
some case which recombination has done at  non-
luminescence center or yKi center. There is no
emission of light and gt is represented in the
form of heat. ‘

In summary, process can be
concluded in- fousm : . rstly, ionization
of electrons caussg Ol @ty rad z.‘-_ Secondly, some

rates lasted u ; rathn eased. Thirdly,
some of electrons fheated a¥ ‘the\optimized temperature
level to evict g Ons £re Sep trap, hole. Fourthly,

some of these e oris 'are then ‘reach luminescence
centers and in F g Comp i On “process has done,
light emission 1
The amount of emi
this stage 1is

electrons, which
radiative proportion
of nuclear raﬁi
annual dose. &

ber of photon in
number of trapped
amount of nuclear
I N addltlon, dose rate
] mment 1s called

ioned above, age

Ultimately, [ ﬂj
thi study) can Dbe

of quartz- beariEE sediments for-
determined by 51m3}e equation pi}ow,

ﬂﬂﬂ’)‘ﬂﬂ‘ﬂj“ﬂﬂ?ﬂ‘i

e0doSe oo g.
¢ Annual dese

ARTAN 3TN 1A1INY1A Y

64 3.2 Paleodose and Annual Dose Evaluation

In this section, briefly descriptions on paleodose
and annual dose evaluation are provided as first and
second orders, respectively. Firstly, once sediment
sample has been treated to Dbecome purified quartz
crystals before measure their quantity of TL-intensity
using TL-instrument. The apparatus diagram for TL-
measurement is shown in Figure 6.4.However, due to
further details of apparatus is out of scope, then it was
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lébel related to three processes; (i) irradiation process,
caused by crystal exposed to nuclear radiation, ionized
electrons are trapped at hole (T). (ii) Storage stage in
which electrons have been trapped, need hole deep enough
for electrons (E) during geological time period of sample.
(iii) Heating process, at optimum level of temperature,
electrons are released and re-combined at luminescence
center (L), then 1light (TL) 1is released (after
Aitken, 1985).
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not mention herein. The output of TL-intensity from this
instrument expresses in the form of grow-curve graph as
shown in Figure 6.5 in which X-axis 1s represented
temperature and Y-axis 1is TL-intensity. Peak of TL-
intensity in this curve is used to evaluated paleodose in
the next step.

To determine paleodose, purified quartz sample has
been separated into four groups; the first group 1is
directly measured its TL-intensity called natural sample
(N) . The second and third have been heated to erase TL-
intensity to zero befors xposed to nuclear radiation
environment at dose o 42 tr ] 1112 Gy, respectively.
After radiation, pless 2 Jirected to read TL-
intensity. These s H+293 and H+1112.

The fourth is nat® : > @ the first group,
however, it is exp Lear iation at 1112 Gy

before measured sample is called
natural + 1112 Gy

Since TL-inte#lsi
N+1112 have bee
The ratios have dgg€
values by natura

] H+293, H+1112 and
n*\f\<;\ then calculated.

h all TL-intensity
llows;

TL-ratios

-

After thatIﬂll of this ratio are ﬁmotted on growth-
curve graph as ex ressed in Fi re 6.6. In this graph, X-
ax1s is r dose of TL-
ﬁ'ﬁ%j }ﬂﬁmﬁﬂ’ﬁﬁm
as 293 Gy, y and more than 1112 Gy, respectively.
Y-axis 1is represented TL#ratio. Ageording to#fhe curve,

5 ARTAENINNA AT g
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Figure 6.4. ' minescence instrument

Secondly,
main methods of

be derived from two
itu and laboratory.

Due to this sitidy J il 'ethod then in-
situ method ag— ot cited he ,.E‘" general Dbasis,

annual dose 18- ate of the latent
thermoluminescen expre d nGy/y. o evaluated this
rate, ionization rate in the crystals, which is assumed

to be equal .to ra eﬂbf electrofs d in trapped
hole of cﬂsﬁﬂ%ﬁ %]‘gf 1 turn, this
rate is th from various

radiations natural.

o Phal G4 AIALIBA ﬂﬂ’ﬁrﬂaﬂenergy,

it is grequired that within the volume having dimensions
greater than the ranges of the radiation, the rate of
energy absorption is equal to the rate of energy
emission. It can be further assumed that the matrix is
uniform both in radiocactivity and absorption coefficient,
then the absorption of energy per unit mass is equal to
the emission of energy per unit mass.

Nearly all of natural radiation are provided from
potassium(K), thorium(Th) and uranium(U). However, the
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Figure 6.6. An example of growth-curve. TL-
intensity of artificial samples were divided
by TL-intensity of natural sample (N). Whereas
natural sample intensity divided by natural
intensity itself is 1 then paleodose (PD)can be
acquired.
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remainders which are found in a few per cent, come from
rubidium and cosmic rays.

In this thesis study, X-ray spectrometer is used to
measure contents of K (per cent), Th (ppm), and U (ppm)
concentrated in the sample. These quantities are then
calculated in order to evaluate an annual dose rate of
the sample via the following equation.

+') 1462U+0.0286Th+0.6893K) 3+0.15

/ (1+1.25 wWt)
44‘;‘ ......... B, 8.2

AD = (0.1148U+0.0514Th+0.02069U
(1+0.14wt)

where;
o - o 4
U = QuameTE, 50 ubanitm 37
Th = Qua / -?\\‘:7‘\"‘ PP
K = Quani® .fq}‘m\. orm of K:O
= RN
Wt = Watdr fofifent ' '
B = depend on
Juartz
f f-' d N
o
6.3.3 PaleodoSe [Correction
; Ju-; ‘
Paleodose eva uaiftiﬁﬂygﬁ» that has explained in

the earlier section i atural: eodose [PD(Inat)]. This
paleodose is compe E; o degse accumulation.
Firstly, dosd 1c;v..i:=;.—i7.‘..‘=.‘.m-=::-‘i-'i" the latest
deposition of ght, represents
true paleodose /1 ﬂtsidual paleodose
[PD(Io)] which s remain stored in werystal grains of
deposits prior to;t e latest dgppsition.

ﬂuH’J‘i’IEJVlﬁWEJ N7

In conglusion;

o W%ﬁﬁcﬂ%ﬁﬂ Y] 8 Tat e

W ere;
PD(Inat)= Natural paleodose

PD(Io) = Residual paleodose

According to the basic concept of this correction
method, it can be summarized that during crystal grain
exposed to sunlight with increasing temperature,
electrons are evicted with releasing paleodose in the
form of TL-signals from their trapped holes to near to
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zero of trapped electrons before latest deposition. After
new deposition begin and cut off sunlight, ionized
electrons in crystal grains, caused by radioactive, 1is
start to re-trapped. On the other hand, time is remain in
the clock caused by improper reset mode and then start to
a new count, as a result time is over count in the last
event.

As shown in Figure 6.7, TL glow-curves illustrated
different peaks of TL-intensity read from aeolian
sediments; curve(a) is the natural TL-signal, show
highest peak of TL- intensi 4ignal, curve(b) is the same
sample ,but exposed N for an hour before
measurement, as a re decreased from (a),
and finally curve (b) however, its
sample had been ssn-i-i-d sunlight for 24
hours before mea the lowest point

‘ C i ts Deak <
compared to each @ ‘HHMHNH;

According tg tudy 11 sediment samples have
been properly tre e scome |, puri ied quartz before
separated into = a&; one, for evaluating
natural paleodose nothard for, detérmining residual
paleodose. 1088 ¢ ion method had
already been cite i ﬁg@?ﬁ' 1 and not repeated
herein. Beside, a} 1;ﬁf‘: déx- ination method 1is
done by exposing tr te:f_ ek o natural sunlight at an

optimum length of for this study) before
measure its TL-signal . When signal has been carried

out, it is thep diwided by math -signal or N. As a

result, this eSS Ea T O CREC G & applied to read
residual paledd@se USI] rowtk is' jshown in Figure

B8 Eﬂ

Previous eqqétlon for TL- age determlnatlon is given
in equatlo

U ANANINENT .. e

of TL-age determlnatlon hgs been c nged as fo owing;

ARI1ANN I N%TJWEHHEI

TL-age = PD(INat) ~PD(I0)  .cisssssenss
AD

where;
D(Inat)= Natural paleodose

PD(Io)

Residual paleodose

AD Annual dose



158

40

L]

30

T

L (& 303count [sec)

1

20

Figure 6.7. Glow- i d3 peaks of TL-signal
from beach ‘ urve (a) from non-
bleached sam y \ ed sample for 1 hr
exposed t : after exposed to
simulated sundighft J ' \ "Aditken, 1985).

.hlnl'-l
1.4 -
L ==
1.2 i
IAZ
1404
9 0.8 |
o
]
T
= 0.6 s _
*F o ' '
AR INYNFINYINTG
U
ARIRANT U U INY1AY
9 ook — o 1v1 , u ' '
O o) 500 1000 1500 2000 2500
(Inat) PD(Gy)

Figure 6.8. An example of growth curve. True paleodose
acquires from minus natural paleodose, PD(Inat) by
residual paleodose, PD(Io).
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6.3.4 Plateau Test

According to glow-curve, there are overlapping peaks
that may be raised to make misinterpretation of the peak,
which is the result of electron emission from deep traps
not other shallow traps. Glow-curve peak, which has
located in the stable region, is that of interest. The

stable region 1is usually at 300°%¢ or higher where
electrons from deep traps are evicted near to zero.

The method to recognlz- he stable region is plateau

tificial sample (N+f)
@3S, S ; in the same graph.
Ratio between N ande S ¢ owﬁ line. The plateau
of dot line is themst@bie ien™En,_addition, peaks of
both samples have bgef « : same temperature,
and N+f peak i 1 g I \peak - means that deep
traps are deep en@figh F T 2in othe ectrons.
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Flgure 6.9. Plateau-curve (dashed 1line) plotted with
glow-curves (solid line). Plateau-curve is the ratio
of the two glow-curves; N is represented the
‘natural’ glow-curve and N+B is the‘natural +
artificial’ glow-curve (after Aitken, 1985).
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6.4 TL-dating Results

Ten  fault-related  sediment samples had been
collected from six outcrops to be used to determine their
age using TL-dating method. Paleodose from almost all of
samples had been corrected, excepted samples PD2-1 and
PD2-2. Summarization of dating results is shown in Table
6.2. Sample details and ages are listed below.

TC sample was collected from the top layer of Ban
Thung Charoen outcrop. This, K layer is not cut by the
fault, but the lower layse : (Flgure 6.10) . Sediment
of this top layer i clayey gravel. TL-
dating yields age 1 or about 1,300 ka,
which is the oldest | to the others.

CCl sample 1!8?'-Tr -fr-TE!EEop was collected

from the upper mg -f?f# ,\ layer is overlain
-n of evidence of

by the top layer
cutting across B ge . The sample is
pale brown silty 4 l‘i 175 043 years or
about 170 ka. Jslae. . it is youngest
age as compared to

CC2 sample was o%ﬁégt~e ol u‘om—ChaengZ outcrop
nearby Chom-Chaendl. -ammﬁihﬁliwcat pM is located in the
upper most layer. "tﬂﬁaﬂvﬁ illplayers in this outcrop
were observed cross-cuUt—b% s fault as illustrated in

Figure 6.12. The sampdebds?
dating has rev?&}@ﬁ the ag
ka.

&brown silty clay. TL-
' gars or about 830

PDL1 samplﬂwa eﬁ side of Ban Pa
Daeng outcrop. was collected from E unfaulted layer
as illustrated ingEdgure 6.13. hlS layer is overlain by

ok AmeAnER NN

dating has Hevealed the a%e of 484, 645 years or about 480

ARIA0IUUN S 1AL .....

underlain the unfaulted layer of PDL1 (see Figure 6.13)
The sample is pale brown silty clay. TL-dating has
provided the age of 1,201,368 years or about 1,200 ka.

PDR1 sampling location is sited in an wunfaulted
layer, which is wunderlain by the faulted layers and
overlain by top soil layer, in the right side of Ban Pa
Daeng outcrop as shown in Figure 6.14. The sample 1is
light gray with mottle brown silty clay. TL-dating of has
provided the age of 888,776 years or about 890 ka.
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PDR2 sample was collected from faulted layer, which
is overlain by unfaulted layer of PDR1 (see Figure 6.14).
This sample is pale brown medium sand with the TL-age of
1,114,290 years or about 1,100 ka.

PD2-1 sample of pale brown sandy gravel of alluvial
deposits, collected from the hangingwall of normal fault
near present ground surface (Figure 6.15). TL-dating
yields the age of sample 190,235 years or about 190 ka.

PD2-2 sample of paié n silty clay, collected
from the footwall of norme near the bottom of the
outcrop (see Figuze 6.. G TL-dating result 1is
971,147 years or ak C 5, ,'_-‘i

G2 samplin( ' g layer of Garbage
landfill outcr diyeks . i1 ais outcrop were
explored to be cuil® by _\ (Figure 6.16).

The sample is ; gravel, witNWIlL-age of 613,402

According t
mentioned above

samples which are
reveal a stable

region that has et ¢ -curve peaks. For
example, the pla gt resul £ C 1 sample (Appendix
C) show stable r : ; covers peaks of both

natural and natura Lifl samples that means TL-
signal had generate e E 1s from the same deep
traps. Y '

Note thatd. N curve, growth-

curve, and plaTﬁau c @ in Appendices A,
B, and C, respeetively. o

AULINENTNEINS
PRI TUNNINGIAY
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Explanation

sandy gravel
coarse sand

D, pale brown

B, brown sandy gravel
silty clay
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Units
A, pale brown
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Symbols

sampling point
for dating

contact
with displacement
inferred fault

observed fault
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Explanation

Units

F.
- A, brown sandy gravel
B,

gravelly coarse sand

reddish brown
C, pale brown gravel
D, pale brown coarse sand
E, pale brown silty clay
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Figure 6.16.
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