Bulletin of the Geological Survey of Japan, Vol. 38(1), p. 51-56, 1987 535.377 : 550.93 : 552. 4 : 550. 361 (593-17)

Preliminary study on the thermoluminescence dating of altered rocks in the
San Kamphaeng geothermal field, northern Thailand

Isao TAKASHIMA*, Kiyoo KAWADA** and Saman CHATURONGKA WANICH***

TAKASHIMA, I, Kawapa, K. and CHATURONGKAWANICH, S. (1987) Preliminary study

on the thermoluminescence dating of altered rocks in the San Kamphaeng geo-
thermal field, northern Thailand. Bull. Geol. Surv. Japan, Vol. 38(1), p. 51-56.

Abstract: Ages for six altered samples from the San Kamphaeng geothermal fleld were
obtained by a thermoluminescence (TL) dating method. This is the first report on the
determination of alteration age of Thai geothermal fields (because of low closing temper-
ature in TL dating, obtained ages indicate those of alteration).

Obtained ages range from 0.11+0.03 to 0.84+0.25 Ma for six samples collected in
and around the thermal manifestation area of the San Kamphaeng geothermal field.
The youngest two samples are located around GTE-2 well which shows very high
temperature in shallow part (about 85°C at the depth of 10m). A possibility is postu-
rated for the continuous hydrothermal activity for over 1 Ma, because the source of Thai
geothermal fields is considered to be a deep circulating hydrothermal system and as
eliminating sporadic igneous activities.

®Mae Taeng

1. Introduction N

Thermoluminescence (TL) is an unique :F
technique for age determination. This method
has been applied to many samples such as
volcanic rocks, loesses, meteorites, fault
fillings, altered rocks etc. (MAY, 1977; LI et al.,
1977; SEARS and DURANI, 1980; TAKASHIMA,
1985) 0 30km

In the case of geothermal fields, TL dating
has many advantages in the range of dating
(a few thousands to about one million years)
and easy sample selection (quartz phenocrysts
or secondary quartz in volcanic and altered
rocks):. From the age data of altered rocks,
hopeful area can be selected and longevity of
hydrothermal activity can be evaluated.

In this paper, duration and character of
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Fig. 1 Location of the San Kamphaeng
geothermal field.
2. Basic theory and experimental method

The basic theory of TL dating is explained
in Fig. 2. The TL age is determined by the

hydrothermal activity of the San Kamphaeng
area (Fig. 1) is discussed based on the TL age
data of altered rocks.
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equations shown in Fig. 2. The equation (1)
in Fig. 2 means that the unit TL intensities
of natural sample (r-t/a) and artificially ir-
radiated sample (R-T/A) are the same. Then
equation (2) in Fig. 2 is obtained. However,
TL intensity measured for natural sample is
not theoretical but reduced by fading. If the
rate of (a/a’) in Fig. 2 equals (k), then TL age
(t) is calculated by the following equation:
t=R-T-a’-k)/(r-A).
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Fig. 2 Schematic diagram of TL dating.
(After TagasHiMa and Honpa, 1985)

Where, (r) and (R) are the intensities of
radioactivity in the rocks and in the laborato-
ry (artificial irradiation), (a”) and (A) are the
measured TL peak heights of natural and
artificially irradiated samples, respectively,
and (T) is the time of artificial irradiation.

The value of (k) is determined by using
standard samples for ages. Obtained (k)
value is 2.3 (TAKASHIMA and HONDA, 1985)
and all TL ages are calculated using this
figure and the equation mentioned above.

As the procedure of TL dating has been
already reported (TAKASHIMA, 1985), only the
basic process is described below.

(1) About 0.2g of 100-200 mesh quartz

were selected.

(2) TL glow were measured for three
kind of samples (natural, artificial
and gamma-ray added).

(3) Annual dose rate is calculated by the
data of chemical analyses of U, Th and
K.0.

(4) TL ages can be determined by the
equation mentioned above with (k)
value of 2.3.

A range .of error is roughly estimated as
about +30% which include the whole pro-
cesses of TL dating.

3. Sample collection and description

As shown in Fig. 3, all samples are col-
lected in and around the thermal manifesta-
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Fig. 3 Sampling location of TL dating.
Major alteration minerals of K 1 zone are kaolinite, quartz
and sericite, SH 1 zone are sericite, halloysite and quartz,
and MH 2 zone are montmorillonite and halloysite (refer
to CHUAVIRO] et al. (1987) for details of alteration),

tion area which is identified to be the highest
grade of alteration zone (K1 zone) (CHUAVI-
ROJ et al., 1987) except one sample (5-14) which
is collected from SH 1 alteration zone.

Sample No. 1 (GTE-6) was taken from
GTE-6 well at the depth of 0 to 10 m. This
sample is strongly altered and composed of
quartz, sericite and kaolinite as the secondary
minerals. The original rock is tuffaceous
shale of Permian age.

Sample No.2 (SK-04) was collected from
altered part of Permian sandstone. Strongly
altered part is restricted along the bedding
planes (Fig. 4). The mineral paragenesis of
this sample is quartz, kaolinite, sericite and
feldspar.

All of the samples Nos. 3 (§-3), 4 (S-12), 5
(8-13) and 6 (S-14) are strongly altered rocks.
The mineral paragenesis of these samples is
quartz, sericite and kaolinite (§-3, $-12, S-13),
and quartz, sericite and halloysite (S-14),
respectively. In addition, minor amount of
feldspar and montmorillonite is recognized in
S-12 sample. The original rocks of these
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Fig. 4 Occurrence of altered sandstone (SK-04)
for TL dating.

samples are tuffaceous shale of Permian age.
4. Results

Table 1 is the summary of TL dating of six
samples. Chemical analyses of radiogenic
elements were carried out by the X-ray
fluorescence method. The analytical error of
K;0 is £5%, and that of U and Th is +30%.
The +30% error in U and Th do not affect
too much to the final ages obtained, because
the contribution of these two elements to
total (annual) radiation dose calculation is
small (BELL, 1979). The (T) in Table 1 is (r)
in Fig. 2 normarized to one year. The (R:T)
in Fig. 2 is fixed to 40 krad in this experi-
ment.

Fig. 5 is the glow patterns of selected two
samples. Exsistence of high temperature
peak of 420°C and similarity of peak patterns

Table 1

among natural, gamma-ray added and arti-
ficially irradiated samples indicate high reli-
ability of the measurement as described
in previous paper (TAKASHIMA and HONDA,
1985).

All samples show TL saturation. In order
to evaluate this effect, a graphycal technique
is applied (Fig. 6). The accuracy of this
method is not so high because the data points
are limited. However, the ages without in-
equality can be obtained.

All ages in Table 1 indicate the time of the
end of hydrothermal activities, because the
TL of them had been discharged by the heat
of alteration and started to accumulate new
TL after alteration. The reset temperature
of TL is function of TL peak temperature
and preserved one. For the studied samples
(TL peaks are around 420°C), reset tempera-
tures are roughly estimated about 100°C, if
the 600 years duration of hydrothermal activi-
ty is considered. All samples might have
suffered higher temperature and activity of
longer duration mentioned above.

As shown in Fig. 3, the youngest alteration
ages (0.11+0.03 Ma for S-12 and 0.23+0.07
Ma for SK-04) are obtained for the samples
collected near GTE-2 well which shows very
high temperature (about 85°C at the depth of
10 m) in shallow part (RAMINGWONG and
PRASERDVIGAL 1984). Ages of other samples
are older than 0.36 +0.11 Ma. Three of
them are concentrated in the range from
0.36+0.11 to 0.43+0.13 Ma and the oldest
age is 0.84 0, 25 Ma for S-3 sample.

Summary of TL dating of altered rocks

TL glow height (em)

Sample U Th K:0 (T)

No. Origi- Gamma- Artifi- tion

No.  (ppm)ppm) (%) (radsy)

ray
nal(A) added®) (C)

Satura- Speci- TL Saturation
fic TL Age corrected
cial  B-A)/C A/C/T (Ma) TL Age (Ma)

1.01 0.40 0.27 357>031 0.36%0.11
3.19 204 033 214>0.19 023=*0.07
1.38 0.51 0.35 8.20>0.72 084=%0.25
0.80 0.71 0.72 1.67<0.15 0.11=£0.03
1.32 042 055 468> 041 043%0.13
0.48 032 016 3.19>0.28 041=£0.12

1 GTE-6 1 10 572 06386  0.90
2 SK-04 2 15 433 0.5802 2.52
3 S-3 2 6 186 0.2869 1.20
4 S-12 2 6 129 02358 028
5 S-13 4 11 382 05547 1.09
6 S-14 3 288 04203 043
T

equals zero and 0.02 rad/year of cosmic ray.

: Total radiation dose in calculated by the data of BELL(1979) as the contribution of alhpa radiation
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Fig. 5 TL glow curves of two altered samples.
Mineral for measurement is separated quartz with minor amount of sericite as an impurity.
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Fig. 6 Graphical correction of TL Saturation.
A : Artificially irradiated sample N : Natural sample
P1 : Saturation corrected TL peak height for natural sample
P2 : Saturation corrected TL peak height for Artificially irradiated sample
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5. Discussion

Present data is the first but preliminary one
of alteration age in the San Kamphaeng area.
It is difficult to go into further detailed discus-
sion based on only six age data. However, a
few interesting points are inffered. :

It is estimated that an intense hydrother-
mal activity around 0.40 Ma ago and that the
hydrothermal activity in this area had started
at more than 1 Ma ago. There is no answer
for the activity between measured TL ages
and the present thermal activity. In the vol-
canic-type geothermal areas, sporadic hydro-
thermal activities are recorded. For example,
at least two different activities, that is, older
than 1 Ma and present time are recognized
in the Matsukawa and Kakkonda areas, North-
east Japan (TAKASHIMA and HONDA, 1986).
However, hydrothermal system of the San
Kamphaeng area is considered as a deep
circulating non-volcanic type and may not be
related to sporadic heat source. Accordingly,
a possibility is posturated for the continuous
hydrothermal activity from about 1 Ma to
present.

The TL ages may become a tool for the
geothermal exploration because the locations
of the youngest two samples (5-12 and SK-04)
correspond to the area where the highest
temperature well (GTE-2) is located.
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