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1. Introduction

In the last decades, studies on stable isotope have shown

that water from many geothermal areas and oil fields are predo-

minately of local meteoric origin {Craig et al., 1956; Craig,

1963; Clayton et al., 1966). The most important parameter con-
1 ft

trolling the 6 D & 6 0 of precipitation is the temperature

which is functioned with latitude, altitude and the distance

from the ocean (Friedman et al., 1964; Dansgrd, 1954, 1961)..

Studies on stable isotope composition of thermal waters provide

information about the recharge meteoric waters (recent and/or

"ancient" meteoric water) and the mechanism of subsurface pro-

cesses (time of circulation, fluid mixing, evaporation and ex-

change with rocks, membrance behavier of shales, subsurface

temperature etc.).

Based on the data of 6 D & & 0 content from more than 600

water samples, this paper reviews the stable isotope composi-

tion of thermal waters in China. Data to be used in this paper

were mostly collected from published literatures (Zheng Shuhui

et al., 1982; Wei Keqin et al., 1983; Shen Minzi et al., 1984;

Li Guiru et al., 1983, 1985; Sun Shan et al., 1982; Yu Jinshen

et al., 1987; Wang Yongcai et al., 1986; Xiao Zhangqi et al.,

1986) with a few (about 50) by ourselves. We are grateful to

Drs. Wei Keqin and Zhang Zl

and many helpful comments.

2. General view

Altogether 351 data sets of oxygen and hydrogen isotope

composition in thermal waters of different origin were plotted
l ft

in Fig. 1. The meteoric water line in China (<SD=7.9O" 0+8.2%o )

(Zheng 1982) seems to be very close to the global meteoric wa-

ter line (<jD=8.17£18O+10.5?£. ) (Gat, 1980). The <SD & 6 18O data

of cold underground water exhibit a equation of SD=8.056 O +

10.26%«, (r=0.9476, n=206) (Fig. 2), which appears to be simi-

lar to the meteoric water line (Fig; 1). It is derived from

that of meteoric water. Therefore, the 6D & 6 O equation of

cold underground water can be used to represent the local me-

teoric water line.

1 Q

Drs. Wei Keqin and Zhang Zhonglu for<5D & 6 O analysis for us
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Fig. 3 shows the stable isotope composition of hot springs

and low-temperature thermal water. Equation 6D=8.15<5 0+15.4^0

(r=0.9690, n=34) is very close to the meteoric line. $D and

6 0 data sets of many hot springs in Tibet, Yunnan are also

very similar to that of the meteoric line {Fig. 1). It is doub-

tless that they are primarily derived from meteoric water.

3. Oxygen and hydrogen isotope composition in thermal waters

of different origin

Three types of 6D-F~ O relationship in thermai waters of

different origin have been recognized (Fig. 1, Line 1, lines 2

& 3, line 4). The SD-6 0 line slope of thermal waters, with

relatively high temperature is less than 3. For example, the

slope of line 4 is 2.62 (r=0.89) for thermal water of Yangba-

jing geothermal area in Tibet (Fig. 1), the slope is 2.99 (r=

0.95) in Tengchong geothermal area of Yunnan Province, and the

slope for Tatun geothermal area in Taiwan is about 3. Craig

(1963) suggested that disequilibrium evporation (for instance,

rapid surface evaporation of water at 10—90°C) could lead to

the occurrence of isotope composition approximately along a line

($D=3<y18O+AD.

Stable isotope composition of the formation waters in dif-

ferent sedimentary basins shows different origin. Clayton et

al. (1966) were the first to suggest that waters from many pe-

troleum fields were predominately of local meteoric origin, the

original connate water of deposition being lost by compaction

and subsequent flushing. Degens et al. (1964) considered that

the modification was caused by mixing of marine (connate) and

meteoric waters. Kharaka et al. (1978, 1979, 1986) pointed out

that water in Northern Gulf of Mexico Basin is connate water

squeezed from the marine shales and siltstones in the Basin.

The <5D and 0 0 data from formation brine water in northea-

stern part of Sichuan Basin are shown in Fig. 1, line 2 and

Fig. 4, which may be divided into three groups:

Group A (including saline springs, hot springs, the formation

water in "€ " and "J-K") data demonstrate the meteoric

origin of these formation brine;
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Group B (including formation water of "T-. " and "Tr2-3") data

exhibit a mixing mechanism of different origin waters

(local meteoric water with diagenetically modified sea

water);

Group C (including formation water of "T.l-3", "T.5-L1", "P"

and "Z") data show diagenetically modified sea water

(connate water) origin. Kharaka et al. (1986) pointed

out that deep basin brine of connate origin is charac-

terized by the following aspects:

1) Existence of a very thick (up to 15000 m) terrigenous

sequence (fine-grained sediments). Well No. ch 25 in Sichuan.

Basin has a terrigenous sequence of about 6000 m;

2) Very high fluid pressure ( >10.5 Kpa. m = 0.465 Psi.ft).

Well No. ch 25 has a fluid pressure of 468 at 3258 m depth ( =

14.09 Kpa.tn = 0.644 Psi.ft), which may form a water head of

+1830 m, much more higher than the elevation of any recharge

areas in Sichuan Basin;

3) The Isotope composition of formation waters fall on a

general trend that passes through SMOW and away from the meteo-

ric water of the area (Fig. 4);

4) The chemical composition of the formation water is re-

markable different from that of ocean water. This is just the

case for Well No. ch. 25 in Sichuan Basin (Table I).

From the foregoing discussion it is clear that the modifi-

cation of the original marine water of deposition to the pre-

sent state in Sichuan Basin could only be realized through a

combination of the following processes:

1) Interaction of the water with salt beds (similar to

KCL) ;

2) Interaction of water with minerals and organic matter

pressented in the enclosing sedimentary environment;

3) Membrane-squeezing and membrane-filtration properties

of shales. Isotopic fractionation line slope by ultrafiltra-

tion is about 3.1. The ultraf iltrates were depleted in 6 T> by

2.5%. and in <5 o by 0.8%° relative to the residual solution.

A equation of 5D=3.00 618O-32.79%. (r=0.8971) has been identi-

fied for the formation brine water in Sichuan Basin, which

should be caused, at least partly, by ultrafiltration.

The oilfield waters in North China Basin show that the S18o
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shift can be as large as 9%« with a equation of ̂ D=l-215 <5 0

-61.02£. (r=0.54) (Fig. 1, line 3, Fig. 5). The intersecting

point. (0) of the meteoric and oilfield water lines may be re-

garded as the original recharge meteoric water. According to

its isotope composition { 6 D=-74%* , $ O=-10.3%o ), it is most

likely that this original recharge meteoric water may be Ho-

locene in age (>10000 years). The basement rock of North China

Basin consists of limestones (Pre E). Clayton et al. (1966)

indicate that large oxygen isotope shifts by exchange of water

with carbonate rocks may occur at low temperature, while water

/rock ratio is exceptionally low and the contact time is very

long. In North China Basin, two sorts of oxygen shifts are

obvious:

Group A (Pre-E): <J 1 80 < -8.0%o TDS < 3.5g/l n=20T<90 *C;

Group B (Pre-E): <5 0 > -7.0%.. TDS > 5 g/1 n=9 T>90 "C.

It is clear that the longer the contact time and the higher
1 f t T ft

the temperature, the larger the S O shift. The largest 6 0

shift occured in formation water of Paleogene system in North

China Basin with a very thick terrigenous sequence (fine-grain-

ed sediments).

The thermal waters in ^hangzhou Basin seem to be the mix-

ture of the local meteoric water with sea water (Fig. 1, line

1 and Fig. 6). The isotope composition and the relationship

of .<5 D- $ O of cold and thermal waters in Zhangzhou Basin may

be expressed as follows:

1) Thermal water

6D=6.82 ,<518O+0.053, r=0.8465, n=8 (Our data)

6D=5.04 <518O-11.21, r=0.7948, n=ll (Our data plus BRGM

data)

2) Cold water

<JD=6.69 <518O+0.73, r=0.989, n=20 (Our data)

6D=6.59 d18O+0.41, r=0.9787, n=24 (Our data plus BRGM

data)

3) Thermal water plus cold water
<SD=6.47 <J18o+0.62, r=0.978, n=28 (Our data)
6D=6.56 <S18O-0.49, r=0.9654, • n=35 (Our data plus BRGM

data)

It is obvious from Fig. 6 that Su-6 O line is passing

through the data points of "thermal water (low temperature)
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—cold water—thermal water (high temperature)—cold water—

sea water", which suggests the complicated mixing nature of
J 18

thermal waters in Zhangzhou Basin. In addition, the o O-
l ft

(TDS)g/l relationship [ $ O=-6.98+0.1913 (TDS)g/l, r=0.974,

n=21] for waters of Zhangzhou Basin is similar to that of the

Pacific ocean ( <S18O=-7.29+0.19 (TDS) g/1, r=0.9858). Further-

more, relationship of (Br)mg/l=2.06 {TDS) g/1+0.17, r=0.998,

n=13 was obtained for the thermal waters of Zhangzhou Basin

that we may expect from simple dilution of sea water with the

water of low (TDS) and (Br) (Rittenhouse, 1967) (Fig. 7). All

the above-mentioned may serve as the evidence of mixing origin

of the thermal water in Zhangzhou Basin.

Data used in this paper indicate that the ($D of most ther-

mal waters is smaller than that of cold waters (Table II). It

is commonly explained that the recharge area of the thermal

waters is located on higher mountains. However, there may exist

another explanation, that is the thermal waters are derived

from Holocene meteoric water O10000 years). For example, the

SD (-78.3 to -80.3%o) of thermal water in Beijing area is less

(about 15%.) than that of cold water (>-70.0%«). The 6 i 8O is

lighter (1.9&>) as well (Figs. 8, 9). If the recharge area is

located on high mountain, it must reach the elevation of the

Da Hai Tuo mountain (about 700 m higher that the elevation of

Beijing area with 6D=-81.2+3.5%.). If the thermal water Jn

Beijing area is derived from the meteoric water with lower an-

nual temperature (3.5°C), it must be 7—8*C lower than the pre-

sent annual temperature in Beijing area. Studies on paleo-

plant indicated that this temperature might occur in Beijing

area 30000—23000 years ago (might be extended to 13000—15000

years ago). Therefore, the thermal water in Beijing area may

be derived from the Holocence (-20000 years) meteoric water.
14

The C dating age of thermal water in Beijing area (older than

17000 years) is in favour to the latter explanation.
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Table I. Comparison of chemical composition (in mg/1) of waters in Well
No. ch 25, Sichuan Basin, China and St. Un. A #9, Louisiana, USA

Locality tern. Pres. TDS Na Li X Rb Cs Mg

Well No.
ch 25

St. Un.
A #9

89.4 47.47 mpa 352693 100517
(468 at)

323 25955 32.2 3.89 1258

117 43.1 235700 78000 16 1065 3.4 11.8 1140

Table

Ca

10877

10250

I

Ba

7.

(continued)

Cl

066 201917

185 143000

Br

1675

419

I

38

18

HCO

337

450

SO

375

6.4

PH

6.1

6.2

H dD^c <?18O%
1.7 Tu -26.3 +2.9

Note: In both waters, Na+K amounts to about 90%a of the total cations
and Cl constitutes more than 99%o of total anions

Table IT. Comparison of 6 D content in thermal and cold water in China

Locatity

Cold
water

Thermal
water

Table II

Yingshan

-42.7 —
-57.9

-59.6 —
-61.9

Tang-
gangzi

-70

-78.3

Luo-
tian

-47

-58

(continued)

Lushan

-34.6 -
-48.1

-49.6 -
-52.6

Huang
Shan

-48 —
-51.8

-59

Xiaguan

- -87.0

- -92.9 —
-102.2

Beijing Xinzheng Fuzhou

- -70

-78.3
-80.3

Pingpo

-89.2

-99.5

-73.

__77

-79.

Midu

-93.4

-100.2 -
-103.5

.1

,1
,7

-37.
-45.

— -48.
-49.

Eryuan

-97.9

-110.7 •
-121.7

4 —
7

4 _
8

—

Liaocheng

• -57,

-65.

• - 7 2 .

.1 —

.4

.8
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* «4 r = 0.8971

I.81S*»O-61.02

-20.0

Fig. 1 Hydrogen and oxygen stable isotopic composition of thermal
water in Chins

Note: The different signs in the Fig. 1 represent hydrogen and
oxygen stable isotopic composition of thermal water from different
different regions

= 8.05<f'*O +10.26% r = 0.9476 n = 2O6

-50

-100

-15.0 -10.0

Fig. 2 Hydrogen and oxygen stable isotopic composition of cold
underground water in China

Note: The differnet signs in the Pig. 2 represent hydrogen and
oxygen stable isotopic composition of cold underground water
from different regions
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Fig. 3 Hydrogen and oxygen stable isotopic composition of hot
springs and low temperature thermal water
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Fig. 4 Hydrogen -and oxygen stable isotopic composition of the
formation water in Northeastern Sichuan Brine Basin
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20.0

40.0

60.0

80.C

X

Sea water •

* D =7.9 <*'»O+8.2

=1.215 <*"O -61.02
= 0.54 n=52

• Sea water

T Lake
4 (Q+N)
X E
• I're E

-10.0 -8.0 -6.0 -4.0

Fig. 5 Hydrogen and oxygen stable isotopic composition of the
oil-field water in North China Basin

6.56<f"O-0.49
r = 0.9854
n = 35

• Thermal water
•*Thermal water (DRGM )

X Cold water

ft St* water
•2 (BflGM )

-7.0 -5.0 -3.0

Fig. 6 Hydrogen and oxygen stable isotopic composition of the thermal
water in Zhangzhou Basin
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Fig. 7 Variation of Br content with (TDS) in thermal water of
Zhangzhou Basin, compared with that in sea water
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Fig. 8 Distribution of 6 D in thermal and cold waters of Beijing area
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Fig. 9 Hydrogen and oxygen stable isotopic composition of thermal
and cold waters in Beijing area
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