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Abstract

This paper summarizes the results obtained for hydrotherraal
systems in Tengchong by using deuterium, oxygen-18 and tritium
as natural tracers.

On the basis of deuterium and oxygen-18 analyses of 69 ther-
mal springs and some other meteoric, surface and underground wa-
ter samples it has been confirmed that all geothermal waters are
originally meteoric, but the dD of hot spring waters is often
lighter than that of local surface and underground waters. It
seems that the-recharging water is from higher elevations and
far from the thermal areas. •

Most of geothermal water have oxygen isotope shift of less
than 2%o, but some of high temperature springs have the shift of
more than 2%<>. Since the various factors result in oxygen iso-
tope shift for each geothermal system, the oxygen isotope shift
repressnts quite different temperature for different geothermal
systems.

Considering the altitude effect on deuterium content, geo-
graphy and geology conditions by using the deuterium data the
flow systems, the flow paths and the areas of recharge of most
geothermal systems have been inferred.

The oxygen and hydrogen isotopic compositions of thermal
springs and steams of Hot Sea, geothermal field would provide
some useful information about the subsurface processes inclu-
ding the water-steam separation temperature, the <5D and 6 0 of
deep thermal water and its oxygen isotope shift and effects of
subsurface boiling and dilution on the isotopic compositions of
thermal springs.

The differences in oxygen-18 and deuterium contents between
thermal springs and deep thermal waters have been calculated for
single-stage steam separation from 276°C to 96°C. The oxygen
isotope shift of deep thermal water produced by water-rock reac-
tions is of 1.57%o and part of the observed oxygen isotope shift
of thermal springs seems to be occurred due to subsurface boi-
ling. The tritium content (<1 to 16 TU) of hot springs in Hot
Sea geothermal field suggests that there exists a mixing process
somewhere by ascending hot water. By the diagrams of 6D-Cl and
8D-6 0 three sub'surface processes would have been distinguished.
They are subsurface boiling, mixing-subsurface boiling and sub-
surface boiling-mixing.

The springs formed by subsurface boiling have tritium cotent
of less than 5 TU. The tritium content of 5-10 TO is for spri-
ngs formed by mixing-subsurface boiling and 10-20 TU is for sub-
surface boiling-mixing. The tritium content of geothermal water
in Hot Sea, geothermal field seems higher than that of the Gey-
sers U.S.A. and Wairakei N.Z. " It would show that the circula-
tion time of the thermal water in Hot Sea geothermal system is
not so long, the reservoir is quite good with percolation and
the recharging water is sufficiently enough.

The most important applications of oxygen and hydrogen iso-
topes of water in geothermal study are in two ways, as tracers
of water origins and as tracers of reservoir processes. This
paper discussed these two aspects of Tengchong hydrothermal sys-
tems.

1. Sampling and measuring techniques

During 1980-1981 the following samples were collected for
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geothermal study: 10 samples of local meteoric water, 8 samples
of surface water, 5 samples of cold ground water and 77 of hot
spring water.

Isotopic analyses were carried out by using established te-
chniques. The mass spectrometer was used for hydrogen and oxy-
gen measurements. Hydrogen was produced by reduction process wi-
th uranium at 700°C and the oxygen-18 content was determined by
use of the (CO2-H2O) equilibration method. The standard for
oxygen and hydrogen., is SMOW. The mean deviation for 6 D is less
than ± 1.5%=,, for 6 O less than ± 0.15%..

The measurement of tritium radioactivity was performed on a
China-made FJ-353 Model Liquid Scintillation Spectrometer, invo-
lving electrolytical concentration with the volume concentration
by a factor of 100, in conjunction with a liquid scintillation
counter. The minimal detectable range is 1 TU and the relative
accuracy is < ± 10%.

2. Isotopic contents of meteoric waters

Tengchong is a famous volcano-geothermal area in China. It
is situated on the western slope of Gaoligong mountain in south-
western part of Yunnan Province occupying an area of 5700 km2.
The landscape is high in north with maximum altitude of 3780 m
and low in south with minimum of 930 m. The famous Hot Sea geo-
thermal field has altitude of 1500-1600 m. The pluriennial mean
air temperature is of 14.7°C, and the pluriennial mean rainfall
is of 1425.4 mm. The 80% of annual rainfall is concentrated in
May to October, thus the dry and rainy seasons are quite clear.
The rainfall in mountain areas has 2000 mm, even more than 2400
mm in watersheds. This plentiful rainfall gives the advantage
to the water resources for geothermal systems.

The meteoric water in Tengchong has an isotopic composition
relationship as 5 D = 7.8 6 O + 14.9 (Fig. 1). Its slope is
closed to a meteoric water line described by H.Craig (1963).
But the "deuterium excess" is larger and close,to that of Guang-
zhou (Zheng Shuhui et al. 1983). The 6D and S O are character-
ized by fluctuation with seasons. In rainy season the <SD and
5 O are large and small in dry season. In rainly season the
climate is controlled,by moist-warm air-flow from the Bay of
Bengal. The 6 D and 6 0 isotopic composition was affected by
the latitude, altitude and distance from the ocean. But in dry
season rainfall is affected oniy by Tengchong local microclimate.
The annual evaporation in this region is over the annual preci-
pitation. So the contents of isotopes became heavier. The sur-
face water and ground water are directly recharged by local rain
and their relationship of 6 D and 6 O is almost the same as that
of the rain water (Fig. 1).

The rain has tritium content of 7.6 - 14.4 TU with high va-
lues in summer. Comparing with 1978 (Wei Keqin, 1980) the va-
lues of tritium is decreasing yearly as in the other parts of
north semisphere in the world. The tritium content of 19.3-24.6
TU in ground water is higher than that of meteoric water at the
same time. It seems as a tritium delay in ground water because
the residence time of the water in aquifer usually is more than
one year.

3. Origin and recharge of geothermal water

There are altogether 69 data of 6D and 6^o w h ± c h r e p r e s e n t
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49 hydrothermal areas. Among them 16 samples have the relation-
ship of <5D and 6 0 just on or near the meteoric water line.
Their oxygen isotope shift is less than ± 0.15%o. It appears
that these thermal waters are recharged by local meteoric water
and circulated into a limited depth. 7 samples fall on the left
side of meteoric water line. The reason of these negative iso-
tope shifts is unknown. The other 46 thermal water samples have
the 5 D values similar to that of meteoric water, but they are
some lighter than those of local surface and ground waters.
their <5 0 values have a positive oxygen isotope shift (Fig. 2).
It seems this geothermal water is meteoric in origin but rechar-
ged from high elevation and there is a water-rock interaction
during underground circulation of water. Most of geothermal wa-
ters have oxygen isotope shift of less than 2%«, but the shifts
for 11 springs are more than 2%o. The oxygen isotope shift of
Ruidian geothermal field is 1.8 -3.5%?. The Hot Sea geothermal
field has oxygen isotope shift of 1.6 - 2.0%o.. THey are compar-
able with those of famous geothermal fields in the world.

Taken the altitude effect on deuterium content, geograph and
geology conditions into accountythe flow systems, flow paths and
recharge areas of thermal waters could be distinguished by using
the deuterium data.
(1) Runoff type geothermal waters

Runoff type geothermal waters have a limited distance from
recharge areas to hydrothermal areas and shallow depth of water
circulation. Usually the temperatures of springs are less than
70°C and 6 D values less than -70% o. This type covers most hy-
drothermal areas of Tengchong which could be classified into
10 flow systems (Tab. Ill and Fig. 3).
(2) Mixing type geotharmal waters

The mixing type geothermal waters could have the same rech-
arge areas and runoff as the adjacent runoff type. But when the
geothermal water ascends to the surface it could mix with local
ground water. Thus the temperature would decrease and the 5 D
values become close to that of ground water. There are 7 geo-
thermal areas belonging to the mixing type.
(3) Deep fluid type geothermal waters

The geothermal waters of this type have deeper circulation
and larger recharge areas than that of the runoff type geother-
mal waters. The temperatures of springs are from 80 °C to local
boiling point. Considering the subsurface boiling, the §D value
of deep fluid in Hot Sea geothermal field is of 21%o lower than
that in local ground water. Thus the recharge area could be of
800 m higher than the hydrothermal manifestation which probably
is situated in the east granite mountain area. other boiling
springs have some similar characters of recharge area as Hot
Sea.

4, Subsurface processes of Hot Sea geothermal field

The oxygen and hydrogen isotopic compositions of thermal
springs and steam of Hot Sea geothermal field would provide some
useful information about the subsurface processes of the field
including the water-steam separation temperature, the <?D and
6 O of deep geothermal fluid, its oxygen isotope shift and
effects of subsurface boiling and dilution on the isotopic com-
positions of thermal springs.

Samples of water and steam from the same boiling spring have
different 6 D and 6 O (Tab. IV). it is resulted from isotope
fractionation and could be shown as 103lnct= 6 -6

w s "
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According to the oxygen-18 and deuterium fractionation factors
(Truesdell, 1977) the water-steam separation temperatures are
92*C and 104°C, respectively. Thus, we can assume that the wa-
ter-steam separation in ascending water was carried out on the
surface or near the surface when the water was at its initial
temperature. This reaction process can be called as single sta-
ge steam separation.

The temperature of 276°C in hot reservoir has been deduced
by chemical geothermometers (Zhang Zhifei et al., in press).
According to the mechanism of steam separation and the isotope
fractionation (Truesdell, 1984) the isotope compositions of
waters with 276*C in the hot reservoir have been calculated.

A = ft • + yl03lndvws wi J

, & & . — 6 0 or 6 D of waters at the separation
Wll© XT 6 WS W1

' ' and initial temperatures

y — the mass fraction which turns to
steam at separation temperature

where, H . H — enthalpy of water at the initial and
' separation temperature

L -- enthalpy of evaporation at separation
temperature

After being calculated, the 6 D and 8 0 values are -80.12%o

and -10.29&> respectively for hot reservoir of 276CC at initial
temperature t. (Point A of Fig. 5). The values of <5D and 6 0
are of 11.22%* and 1.82%o lower than that of hot spring water.

The deuterium content of deep thermal water should bs iden-
tical to that of recharge water. On the,,meteoric water line,
when the 6 D value is of -80.12%o, the 6 0 should be -12.18%o
(Fig. 5) which is less than that of deep thermal water. It su-
ggests that the increasing of 5 0 in deep thermal water was
the result of oxygen isotope shift rather than water-rock iso-
tope exchange by boiling process.

The tritium contents of hot springs in Hot Sea geothermal
field are from <1 to 16.0 TU (Tab. V). This large variation in
the same hydrothermal system could be explained as mixing pro-
cess of shallow water with deepground water. Thermal spring wa-
ters with tritium of"-5 TU were considered as non-mixing water
directly ascended from deep geothermal reservoir while the tri-
tium of <1 TU could be produced by water stagnant in pond. Thus
the tritium contents of 4.3 - 4.4 TU from boiling springs proba-
bly correspond to that of deep thermal water. The springs with
tritium contents of 8.9 and 16 TU would account for mixing geo-
thermal water with deep and shallow ground waters.

The tritium contents of Hot Sea thermal springs are more
than those of The Geysers and Wairakei (Truesdell, 1977). It
supports that the geothermal water of Hot Sea thermal springs
has comparatively short circulation time while the recharge
area is quite far away. Thus, it is expected that the hot re-
servoir is good for percolation and the recharge water is plen-
ty enough for hydrothermal system. From diagrams of $D - Cl
and 6 D - S O (Figs. 4 and 5) we can get the information about
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the subsurface process of geothermal fluid. When the high tem-
perature (276CC) thermal fluid ascends from geothermal reser-
voir to surface, two mechanisms could be occured, i.e. boiling
and mixing processes. On the Figs. 4 and 5 lines AB and A'B1

represent the subsurface boiling. Lines AC, BC and B C show
the mixing of geothermal water with ground water. In fact, the
hot springs could be resulted from single process or composite
process such as subsurface boiling (spring 15), mixing-subsur-
face boiling (springs 10, 12, 13) and subsurface boiling-mix-
ing (springs 8, 11,). Springs 3 and 6 are consequence of sub-
surface boiling and surface evaporation.

Figure 6 shows the distribution of hot springs with tritium
contents and temperatures. The boiling springs with tritium
less than 5 TU formed by subsurface boiling are centralized in
the central part of geothermal field and distributed along both»
sides of a river towards north and south occupying about 1.5 -
2.5 km2. The boiling and hot springs with tritium of 5 -10 TU
formed by mixing-subsurface boiling process exist in a limited
area along the south bank of the river. The hot springs with
tritium of 10 - 20 TU formed by subsurface boiling-mixing pro-
cess appear on the outer parts of geothermal field either in the
south or in the both sides of the river.
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Table I.

Months

<fD(*.J

tf180(%o)

3H(TU)

Rain(mra)

1

7.4

-0.3

/

22

The isotopic compositions of meteoric water

2 '

/

/

8.8

31

3

/

/

/

38

4

20.3

0.13

/

73

5

/

/

11.8

133

6

/

/

10.1

245

7

/

/

14.4

283

8

-50.6

-8.98

/

260

9

-72.5

-10.7

7.6

140

of Tengchong

10

-83.8

-12.7

/

139

11

/

/

/

46

*
12

/

/

/

16

Table II. The isotopic compositions of surface and ground
waters of Tengchong

Surface water Ground water

Location .) <f180(%o) Location 8v(%<>) 6180(%a)
 3

H(TU)

Hou

Xiao

Dian

Jiang

Long

Si

-65.32

-73.82

-67.25

-64.32

-63.89

-62.39

*-9.91

-11.02

-9.66

-8.98

-9.18

-8.63

LlU

Yang

Da

Ba

Yong

-59
-58

-50

-57

-53

.30

.40

.33

.07

.64

-8.
-8.

-7.

-8.

-8.

82
71

95

48

06

24
19

/

/

.6

.3

/

Note: Water samples for deuterium and oxygen-18 were collected in 1980 and

samples for 3H in 1981.
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Table III. Wie So and temperatures of hot springs and their
recharge areas

No. Codes of springs tCC) Recharge areas

1

2

3

4

5

6

7

8

9

10

3,4,13

19

14,16.17,24,44

11,12,18

25,27,29

30,31,32,48,50,52

35

36

39,40,41

53,54,55,57,58

-88.9-

-86.6

-76.7-

-79.3-

-73.9-

-78.4-

-74.1

-73.6

-74.0-

-75.7-

-83.5

-72.0

-73.5

-71.0

-70.1

-72.2

-73.0

32-67

19-5

26-46

61-79

20-23

33-55

77.5

50

44-75

29-50

Northern mt. area

Northern mt. area

Heikong mt. volcanic cluster

Daying mt. volcanic cluster

Longchong mt. volcanic cluster

East granite mt. area

Metaaiorphic mt. area

Metamorphic mt. area

Gaoligong mt.

Gaoligong mt.

Table IV. The isotope compositions of water and steam from
the boiling spring and its separation temperature

Water Steam 103lne< tCC)

SlB0(%)

-68.9

-8.47

-100.0

-13.53

-31.1

-5.06

92

104

Tahl<? V. Bydrogen and oxygen isotope compositions of hot spring
waters in Hot Sea geothermal field

No. of
springs

3H(TO)

t(*C)

15 13 12 10

-63.6 -65.8 -68.9 -68.4 -65.7 -72.6 -61.2 -60.8

-7.15 -7.45 -8.47 -8.54 -8.50 -9.35 -9.30 -9.03

<1 4.4 4.3 8.9 / / 16.0 /

96.6 94.4 95.5 95.5 96.0 84.5 61.8 88.5
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0 2 5"18O(%.)

Fig. 1 6 D - 519Q relationship of meteoricwater, surface
water and ground water in Tengchong, 1 - mete-
oricwater; figures represent the months of preci-
pitation; 2 - surface water; 3 - ground water

6D
(%a )

-50

-60

-70

-80

-90

-IOC-14 -13 -12 -11 -10 -9 -8 -5 -5 6 1 8
O ( %

Fig. 2 6D •* 518O relationship of thermal springs in Tengchong
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Fig. 3 The recharge areas and the general patterns of the runoff. 1 - runoff
type geothermal waters, left - 6 D values in %<,, right - numbers of geo-
thermal areas; 2 - mixed type geothermal waters; 3 - deep type geother-
mal waters; 4 - directions of runoff; 5 - faults



-90
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100 200 300 400 500 600 700 Cl(ppm)

Fig. 4 Deuterium - chloride relations for waters of Hot Sea geothermal
field

-12 -11 -10

Fig. 5 <5D - 6 0 relations for waters of Hot Sea geothermal field.
For Fig. 4 and 5 the. lines AB and A'B1 represent the subsurface boi-
ling, the lines AC, BC and BC1 - the mixing of geothermal water with
ground water, the line BD - surface evaporation
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Fig. 6 Map showing the distribution of hot springs with the tritium conten-
ts and temperatures. 1 - faults; 2 - contours of subareas; 3 - pro-
file; 4 - thermal springs, left - numbers of spring and temperatures,
right - tritium contents (TU); 5 - areas, where the boiling springs
formed by subsurface boiling; 6 - areas, where the boiling and hot
springs formed by mixing-subsurface boiling; 7 - areas, where the
hot springs formed by subsurface boiling-mixing process
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