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Isotope geochemistry of six geothermal fields in northern Thailand
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Abstract : Oxygen and hydrogen isotopic ratios (80/%0 and D/H) were measured for 42
hot spring and meteoric water samples from six geothermal fields (San Kamphaeng,
Fang, Mae Chaem, Mae Chan, Doi Saket and Pa Pae areas) and surrounding areas.
The range of isotopic ratios of meteoric waters was defined in the 6D-6%0 diagram as
the area confined by 6D =880 +2.6, 6D =880 —1. 4, 6D=—55 and 6D =—68. Very small
or no 080 shift of thermal waters from the San Kamphaeng and Fang areas indicates
that water-rock interaction is not significant. One possibility is that the waters circulate
through wall rocks which have already reacted with preceding circulating waters and
have no potentiality of further exchange.

Tritium was also analyzed for 18 samples collected from the same areas. The
water circulation time is estimated to be over 30 years for the hot spring waters and
10-30 years for the ground waters, respectively. In the San Kamphaeng and Fang
areas, models of slow circulating water in channel like reservoir are postulated by the
combination of tritium data and no 480 shift.

1. Introduction

Geothermal waters of northern Thailand
are considered as non-volcanic origin and
characterized by high temperature and low
concentrations of disolved chemical species
(TAKASHIMA and KAWADA, 1981). The water
circulation system and heat exchange mecha-
nism to form such geothermal waters are
problems to be soluved.

In this paper, the origin of the geothermal
waters and their circulation system are dis:
cussed on the basis of oxygen and hydrogen
isotope data including tritium contents of
waters. For hot spring and meteoric waters
in Thailand, only few unpublished data are
found in KRTA report (1977).

2. Samples and analyses

Twentyeight hot spring waters and 14
river and ground waters were collected from
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six geothermal fields (San Kamphaeng, Fang,
Mae Chaem, Mae Chan, Doi Saket and Pa
Pae areas) and surround areas in northern
Thailand (Fig.1). The samples from 10 areas
are listed in Tables 1 to 3. Among them, the
San Kamphaeng and Fang areas are charac-
terized by predominent thermal manifesta-
tions of over 50 hot springs flowing out along
a river side plain. The size of geothermal
area of the San Kamphaeng area is 200 x400
m and that of the Fang area is 200 x300 m,
respectively. )
The 80 and D analyses were done by
Teledyne Isotopes Co. (U.S.A)). Fourteen
samples were selected for the tritium analysis
at Gakushuin University (Japan). No pre-
treatments were done for the samples.

3. Results

The results of D, *O and tritium analyses
are shown in Tables 1 to 3 together with the
data of temperature,'TDS, pH, altitude, date
of sample collection and type of waters.

All the data are plotted on the dD-020 dia-
gram (Fig. 2). The shaded area in Fig. 2
indicates the range of isotopic compositions
of meteoric waters in northern Thailand,
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Fig. 1 Location of geothermal areas in northern Thailand. (Sampling localities are underlined)

1 : Hot spring (over 90°C) 2 : Hot spring (70-90°C) 3 : Hot spring (below 70°C)
4 : Meteoric water sample 5 :City 6: Town 7 :Mainroad 8: Railroad

Table 1 Isotope data of waters from the San Kamphaeng area
Tw TDS pH 9D 5180SMOW T/U Alti- Date of

No. Salxrlrg?le ("C) (mg/1) ’ (S%,?W o) (T.U.)  tude(m) iﬁﬁe‘élteion fomarks

1 CM1-A 950 580 83 —60%1 -7.51%003 350 Dec. 09,1981 Thermal water

2 CM1-B 96.0 577 80 —61%f1 —-7.71+0.03 <0.12 350 Dec. 09,1981 do.

3 CM1-C 920 561 81 —61£1 —7.70%0.08 350 Dec. 09,1981 do.

4 CMI1-E 840 533 80 —62%1 —7.80=£0.06 350 Dec. 09,1981 do.

5 CM1-G 980 580 81 —60+1 —7.39=+0.03 350 Dec. 09,1981 do.

6 CMI1-H 995 604 89 —61£1 -7.53%0.06 350 Dec. 09,1981 do.

7 CM1-I 990 607 85 —60*t1 —7.31%=0.03 350 Dec. 09,1981 do.

8 CMI1-M 900 539 80 —62x1 —7.80%0.05 350 Dec. 09,1981 do.

9 CMi1-F 930 —60*1 —7.36=0.08 350 Dec. 09,1981 do.
10 TH-12 —58+1 —734+004 077£0.14 350 Dec. 02,1981 do.
11 TH-13 —61+1 —7.73£0.04 2.08%£0.27 350 Dec. 02,1981 do.
12 TH-14 —60*+1 —752+0.06 2.63£0.34 350 Dec. 02,1981 do.
13 GW-1 277 363 89 —59%*1 —7.50%0.04 350 Dec. 09,1981 Ground water
14 RVW-1 —-66*t1 —7.98 £0.04 370 Aug.21,1980 River water
15 TH-4 8.60x£1.11 400 Oct. 02,1981 Ground water
16 TH-5 122%£16 400 Oct. 02,1981 do.
17 TH-11 —5h8+1 —7.48=*0.03 145*+17 560 Dec. 02,1981 . do.

(Analyzed by Teledyne Isotopes (D and !80) and Gakushuin University (Tritium))
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Table 2 Isotope data of waters from the Fang area

Sample Tw TDS pH 8D 5180 SMOW T/U Alti- Date of

No- " No. () e/ 5%9463“’ Chod (1.0 tudetm) SEFPlE Remarks

1 CM3-A 930 518 90 —69+1 —831=0.02 550 Dec. 14,1981 Thermal water
2 CM3-B 950 523 93 —67+1 —8.44+0.06 550 Dec. 14,1981 do.

3 CM3-C 960 513 95 —68=1 —860+0.03 550 Dec. 14,1981 do.

4 CM3-D 900 516 95 —67+1 —8.42+0.03 550 Dec. 14,1981 do.

5 CM3-E 900 487 93 —67+1 —8.44+0.02 550 Dec. 14,1981 do.

6 CM3-F 040 503 94 —66+1 —8.59 *0.05 550 Dec. 14,1981 do.

7 TH-8 —65+1 —838%003 268+0.35 550 Nov.02,1981 Ground water
8 TH-9 4204053 550 Nov.02,1981 do.

9 TH-10 —67+1 —848%+0.06 1.30£0.19 550 Nov.02,1981 Thermal water
10 F MINE 40 342 79 —62+1 —7.96+0.06 550 Dec. 15,1981 do.

(Analyzed by the same institutes as shown in Table 1))

Table 3 Isotope data of other hot springs and meteoric waters in northern Thailand

Sample Tw TDS pH %0 8180 SMOW T/U Alti- Date of
Yo No. co ey SRSV g (U tudem) SRRE - Femarks
Mae Chaem, Chiang Mai
1 CM7-A 890 421 83 —53+1 -7.06=*0.03 Dec. 16,1981 Thermal water
2 CM7-1 960 418 86 —57*+1 —-7.10%0.03 Dec. 16,1981 do.
3 CM7-J 910 411 86 —58%t1 —744=x0.02 Dec. 16,1981 do.
_ — _ Th 1.wat
4 STR-D 710 425 83 —57x1 —6.61%x0.04 Dec. 16,1981 se;g%%e ggé"ag
5 RVW-1 —55£1 —-7.11%004 Aug.24,1980 River water
Mae Chan, Chiang Rai
1 CP-1 99.0 86 —64+1 —7.79+0.03 255035 400 Aug.23,1980 Thermal water
2 GW-1 —68+1 —852£0.04 400 Aug.23,1980 Ground water
3 RVW-1 —68x1 —8.30+0.08 400 Aug.23,1980 River water
Doi Saket, Chiang Mai
1 CM2-A 820 442 175 —63*+1 —798x004 Dec. 12,1981 Thermal water
2 CM2-B 770 469 84 —61x1 —7.49=*0.03 Dec. 12, 1981 do.
3 TH-3 —62*x1 —7.70+0.08 12516 820 Oct. 02,1981 Ground water
Pa Pae, Chiang Mai
1 PP-2 99.0 . 91 —64+1 -8.03£0.03 0.13£0.09 Aug.25,1980 Thermal water
2 RVW-1 —61%t1 -784x0.02 Aug.23,1980 River water
Wiang Pa Pae, Chiang Rai
1 TH-1 —57+1 -754%+0.02 162%£19 640 Oct. 02,1981 Ground water
2 TH-2 —62+1 —-794+0.06 27233 1040 Oct 02,1981 do.
Mae Rim, Chiang Mai
1 TH-6 —61+1 —776%=004 129+16 340 Nov.02,1981 Ground water
Chiang Dao, Chiang Mai
1 TH-T7 —64+x1 —824*005 14618 450 Nov.02,1981 Ground water
Muang, Chiang Mai
1 TH-15 —58+1 —736=*+004 88+1.10 305 Dec. 02,1981 Ground water

(Analyzed by the same institutes as shown in Table 1)
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Fig. 2 Diagram of 8D-8®0 for the whole studied

samples.

which is defined by the equations of dD=
89180 +2.6 and 0D=80%¥0—1.4, and the D
values of —55 and —68%. The equations were
derived by assuming the slope 8 for precipita-
tion (CRAIG, 1961).

Tritium contents of hot spring and mete-
oric waters from nine areas are also shown
in Tables 1 to 3. The ages of waters corre-
sponding to tritium contents (Tritium/Hydro-
gen)x10-#¥=1 T.U.) are estimated as follows:

(1) Older than 30 years—Iless than 3 T.U.

(2) 10to 30 years—3 1020 T.U.

(3) Younger than 10 years—over 20 T.U.

Based on the above estimation, the ages of
all hot spring waters from the San Kamphaeng
(Samples of CM1-B, TH-12, TH-13, TH-13),
Fang (TH-10), Mae Chan (CP—l) and Pa Pae
(PP-2) areas are evaluated older than 30 years.
The ground waters show ages of 10 to 30 years
except for TH-8 and TH-9 from the Fang
area with relatively older ages of around 30
years. The TH-8 and TH-9 waters may have
mixed with hot spring waters at shallow
part. Relatively old ages of the ground
waters indicate a small circulation rate even

for shallow waters in the studied areas.
4. Discussion

4.1 San Kamphaeng area

Figure 3 is the dD-d'%0 diagram for the San
Kamphaeng area in which 12 hot spring and
3 meteoric waters are plotted. Isotope ratios
of meteoric waters of this area are repre-
sented by the samples of GW-1 and TH-11 in
Table 1. Most of the hot spring waters have
slightly low 6D values compared to the above
2 samples.

The 0D and 9*0 values of meteoric waters
are controlled by isotopic fractionation in pre-
cipitation, decreasing (being depleted in 20O
and D) toward high latitude or high altitude
areas. In this area, the effect of altitude is
negligible because of the relatively flat land.

Therefore, the relatively low 0D values of the
hot spring waters indicate that the recharge
zone of the geothermal system of this area is
in further north. The 8D value of —62% for
TH-3 sample of the Doi Saket area (about 10
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Fig. 3 Diagram of 6D-4%0 of waters from the
San Kamphaeng area.
The zone of meteoric waters was transferred
from Fig. 2:

— 3 —



Isotope geochemistry (I. Takashima and W. Jarach)

Meteoric water
supply from north

Thermal manifes—

. . tation area
Chiang Mai ‘/ E
basin T
+ 4+
/’/ i+
7 +l+ +
+ o+
, +V+
A o+ 4
/S
14 ++++++
b+ + + + Triassi
/ i /+ P +Tr|a§sxc
Paleozoic sedi- FI¥ 4+ 4+ + + granite
I+ o+ 4
mentary rock b Tt
o + Jf+ + +++ W
. & + 4+ A4+t
Shallow reservoir + H I R R R
+ + + i bt T I Ak I O
B an i A B S o e i
Deep reservoir +++water circulation time tt T T T
along fault zone 'g g g g ﬁ g ( >100 years)
X X
x X X X x
X X X x X x X
X X X X X X X X X X X
X X x X X X X X X X X X X X X x x X

Hot igneous body (<500°C)

Fig. 4 Idealized reservoir model of the San Kamphaeng area
(Modified from TAKASHIMA and Kawapa (1981)).
Distance between the E and W ends is about 20 km and no fixed scale for depth.

km north of the San Kamphaeng area) is
almost identical to that of the hot spring
waters in the San Kamphaeng area. Ac-
cordingly, the Doi Saket area is considered
as a possible recharge area of the San Kam-
phaeng geothermal system.

No oxygen isotope shift is observed for the
hot spring waters of the San Kamphaeng area.
This no *#0 shift and low concentration of
dissolved materials in the hot spring waters
(HIRUKAWA et al., 1987) suggest a weak intera-
ction of waters with rocks. Alternative is
that the waters circulate through wall rocks
in which alteration and isotope exchange
have advanced and no potentiality of futher
exchange is remained.

The 6D value of RVW-1 sample is lower
than usual meteoric and hot spring waters of
the San Kamphaeng area. This sample was
collected from a river flowing north, and
indicate the supply of water from further
north area.

Figure 4 is an idealized model for the circu-
lating water system in the San Kamphaeng
area slightly modified from TAKASHIMA and
Kawapa (1981). In this new model, the
reservoir size was reduced, the term of water
circulation was modified from 30 years to over
100 years, and the recharge zone was postu-
“lated to the north.

4.2 Fang area

Figure 5 is the 0D-00 daiagram of the
Fang area in which 8 hot spring and one
meteoric waters are plotted. Isotope ratios of
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Fig. 5 Diagram of dD-8'%0 of waters from the
Fang area.
‘The zone of meteoric waters was transferred from
Fig. 2.
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Fig. 6 Idealized reservoir model of the Fang area (Modified from TAKASHIMA and Kawapa (1981)).
Distance between the SE and NE ends is about 20 km and no fixed scale for depth.

meteoric waters in this area are represented
by the sample No. 7 (TH-8) in Table 2. As
seen in the San Kamphaeng area, the D
values of hot spring waters in this area are
lower than the value of meteoric waters (TH-8)
collected in the same area. Accordingly, the
recharge area is also postulated in northern
part of the Fang area. Since there are no dD
date for north of the Fang area, it is difficult
to evaluate quantitatively how far the re-
charge area is. However, since the magni-
tude of difference in 0D values between mete-
oric and thermal waters is similar to that of the
San Kamphaeng area, the size of the water
circulating system would also be similar in
the two areas.

No oxygen shift is observed for hot spring
waters of the Fang area except for CM3-A
sample in Table 2. Detectable amount of
oxygen shift of this sample may be caused by
the reaction with carbonaceous materials
because the content of HCO; of this sample is
higher than the contents of another samples
with similar temperature and pH conditions
collected from same area (chemical data are
taken from HIRUKAWA et al., 1987).

Sample No.10 (F MINE) is a hot spring
water from a fluorite mine which is located
about 500 m south of the Fang geothermal
area. The 0D and 0'®0O values of this water is
different from the major hot spring waters,
indicating that the recharge area of this
water is different from that of the other hot

spring waters of the Fang area.

Figure 6 is an idealized model for the circu-
lating water system in the Fang area slightly
modified from TAKASHIMA and KAWADA
(1981). In this new model, the reservoir size
was reduced and the term of water circula-
tion was modified from 5 years to over 100
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Fig. 7 Diagram of 3D-3'®0 for waters from eight

areas in northern Thailand.
Underlined numbers and locality names indicate
meteoric waters.
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years.

4.3 Other areas

Although the data of other areas are limit-
ed, the following two pionts are inferred from
the 0D-0'*0 diagram (Fig.7):

(1) A detectable amount of 6**0O shift of
Mae Chaem area is assigned to the interac-
tion with limestone which is widely distri-
buted around the thermal manifestation area.
The evapolation may also cause a %0 shift
but there are no hydrological evidences for it.

(2) A very clear relation is observed be-’

tween the isotropic ratios of meteoric waters
and the longitude of localities. The 0D and
080 values gradually decrease from Muang
through Mae Rim to Chiang Dao, from south
to north.

5. Summary and conclusions

Based on the isotope analyses of the hot
spring and meteoric waters of northern Thai-
land, followings are concluded:

(1) The range of isotopic compositions
meteoric waters from northern Thai-
land is defined in the dD-0*0 dia-
gram as the area confined by D=
80150 +2, 6, 0D =85"0—1.4, sD= —55
and 0D = —68.

(2) Virtually no oxygen isotope shift
(except the waters which supposedly
interacted with limestone) indicates
that water-rock interaction is not
significant in the studied areas. It is
possible that the waters circulate
through wall rocks which have al-
ready reacted with preceding circu-
lating waters and have no potentiality
of further exchange.

(3) Circulation time of water is long
enough (expected to be over 100
years) to receive heat from deep
hot rocks in the San Kamphaeng

and Fang areas.

As a conclusion, large-scale reservoirs may
not exist in either area but the reservoirs
may be of channel like shape. A long term
water circulation through the channels pro-
vides a large cumulative water-to-rock ratio,
and advanced water-rock interaction may
prevent further changes of chemical and iso-
topic compositions of the thermal waters.
The chemical and isotopic analyses of deep
hot waters in future may help understanding
the reservoir characteristics.
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