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Fig. 1.Sampling sites in the study field.

EC K.Na.F.Cl  Si0,
2 53 ~ 147 140 ~325.14.3 ~40.303
- ~759 188 ~700 mg/L,
Na-CI-HCO, .
1, K.Na .F.Cl  Si0, S0,*
9 (3 ) pH (134 mg/L) .
(3.5) pH 7.9 ~9.6 o

1 N
Table 1. Basic features and major compositions of spring and river waters

pp/( mg/L)

T/C pH  EC/( pS/em) Eh/mV
P (S/cm) Eh/m Na Ca Mg F Cl NO,” SO,- HCO,” €O, SiO,

S 96 9.6 3390 366 110 264 0.28 0.01 24.2 552 32.1 22.2 769 138 483
S 94 9.4 3500 371 113 276 0.24 0.01 30.4 582 32.1 23.6 842 120 524
S 96 3.5 523 30 13.7 13.0 1.71 0.04 2.26 38.1 32.3 134 N.D. N.D. 153
S 81 7.9 1939 230 55.2 143 0.59 0.01 15.4 331 34.9 77.2 476 N.D. 304
S 89.7 8.9 3260 382 106 258 0.27 N.D. 29.3 585 32.7 20.5 817 102 491
S 97 8.8 4140 227 147 325 0.20 N.D. 40.0 759 32.5 18.4 1171 66.0 700
S 91.6 8.9 1949 355 53.1 152 0.93 0.04 16.6 325 N.D. 23.9 561 36.0 360
S 97 8.3 1842 237 57.9 140 7.83 2.05 14.3 303 32.2 28.3 610 12.0 216
S 416 8.1 1873 457 53.0 144 8.04 0.45 14.9 313 33.1 41.4 622 N.D. 188
a R 12.5 7.5 110 61 0.16 4.27 5.12 0.93 N.D. 157 37.7 12.1 48.8 N.D. 28.3
b R 203 7.7 270 97 2.54 12.5 5.34 0.93 2.81 46.8 39.5 13.5 97.6 N.D. 38.0
S 79.3 8.2 1817 96 39.2 154 4.91 6.48 15.6 181 N.D. 31.8 927 N.D. 160
S 749 8.5 1958 23 42,9 165 4.91 6.25 17.3 200 N.D. 34.5 939 18.0 180

. S: : R: Dal o b ; N.D.: (Mg<0.01 mg/L; F<0.3 mg/L; NO;~<0.1 mg/L).
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. . . ~200 mg/L 160 ~ 180 mg/L) .
2o - Mg ( Do
5 2.2 As.Sh
Si0, \Na K S0, 2,
o Ge . As.Rb.
Si0, .Na K Sr.Sh.Cs W (
S0,* . 16.7 ~54.4 83.7 ~603 348 ~1 136.17.6 ~76.9 ,
pH 2.92~23.8.178 ~843  21.6 ~74.5 pg/L
14 15 . ) Mn Fe
(pH 8.2 8.5) ( 237 204 pg/L) .
K.Na.F.Cl  SiO, Mn
( 39.2 ~42.9 154 ~165.15.6 ~17.3 .81 Sr Ba o
2

Table 2. Trace element concentrations ( wg/L) of spring and river waters

Se Mn Fe Ge As Se Rb Sr Sh Cs Ba W

S 164 3.65 0.37 48.8 526 5.97 1034 48.5 18.6 603 0.49 72.6

S 207 6.06 0.78 54.4 590 5.82 1075 68.6  20.1 637 0.27 74.5

S 85.5 237 204 3.60 43.6 N.D. 254 8.63 0.38 38.3 1.31 N.D.

S 109 13.5  2.05 30.0 300 3.75 656 23.5 10. 8 371 2.02  37.9

S 174 6.02 0.72 53.3 603 6.49 1136 39.3 16.5 520 0.49 58.8

S 183 .79 0.59 53.6 598 6.22 1128  56.1 23.8 843 0.62 93.3

S 92.0 96.8 5.82 16.7 193 1. 19 348 17.9  4.76 178 0.48 21.6

S 57.1 44.7 0.86 18.3  83.7 1. 61 432 76.9  2.92 280 8.48 30.1

S 62.2 42.3 13.6 18.3 194 2.36 400 46.9 4.73 184 3.97  23.7

a R 5.66 10.9 0.8 N.D. ND. ND. 315 12.6 N.D. 1.38  0.46 N.D.

b R 17.4 15.5  2.35 1.59 8.06 N.D. 33.5 28.0 0.49 12.5 1.40  2.69

S 60.2 N.D. 4.17 150 675 N. D. 235 274 6.73 401 59.8  68.0

S 68.6 N.D. 10.0 16.5 687 N. D. 261 294 5.96 415 54.0 75.6

.S ;R ;al ;b ; N.D.: (Mn.Ge As.Sb W <0.01 pg/L; Se<0.05 pg/L).
N As.Sb As Sh
16 17 . As i As
As As(III) \As(V) .MMA  DMA 4
10 pg/L '8 As
Sb 5 pg/L 60
N ° As
9 EC 4 .
3 EC K, 2 As
Na.F.Cl.Si0,.Sc.Ge . As \Rb.Sb.Cs W ( 1II) ( ) o
(r > 0.83) As( IT)
As Sb o N ( ). As
72—
As  Sb SO,” Mn Fe ( TII) 73% 91% .79 %
(r=49.51~40.72) As.Sb S0, 64%  As( 1II)

Mn Fe o °
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4
3 EC (n=9)
Table 3. Correlation coefficients of EC and some elements in hot spring waters( n =9)
EC K Na Ca F Cl SO,  SiO, Sc Mn Fe Ge As Rb Sr Sh Cs Ba
K 0.99
Na 0.998 0.99
Ca 0.44 0.44 0.41
F 0.98 0.98 0.98 -0.44
Cl 0.99 0.99 0.99 -0.42 0.99
SO, .77 90.73 0.81 0.003 9.75 0.78
Si0, 0.94 0.95 0.93 90.65 0.96 0.94 -0.63
Se 0.85 0.85 0.83 0.75 0.83 0.83 -0.42 0.89
Mn 0.81 90.76 0.83 0.09 0.76 0.82 0.80 0.62 -0.52
Fe 90.67 0.61 .71 0.02 0.64 .69 0.89 -0.50 .31 0.93
Ge 0.96 0.95 0.95 0.55 0.92 0.94 0.64 0.90 0.92 H.79 0.59
As 0.94 0.93 0.93 0.62 0.91 0.93 90.59 0.91 0.95 0.72 O.52 0.99
Rb 0.93 0.93 0.92 0.58 0.90 0.92 -O.57 0.89 0.93 -0.73 .50 0.99 0.98
Sr 0.56 0.57 0.57 0.36 0.53 0.54 -0.66 0.34 0.27 0.64 -0.57 0.48 0.36 0.44
Sh 0.96 0.96 0.94 0.61 0.93 0.94 90.56 0.95 0.94 -0.72 ©.51 0.97 0.97 0.97 0.41
Cs 0.96 0.98 0.95 ©.50 0.95 0.96 90.62 0.94 0.87 0.75 H.56 0.95 0.92 0.94 0.54 0.98
Ba 0.40 0.38 -0.38 0.88 -0.39 -0.38 0.002 .58 -0.69 0.02 -0.09 -0.47 -0.60 .48 0.45 -0.55 -0.38
W 0.98 0.98 0.97 0.48 0.95 0.97 0.67 0.94 0.87 -0.78 0H.59 0.96 0.93 0.94 0.57 0.98 0.995 -0.38
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Fig. 2. Concentrations of As (IIT) and As (V) in the

Rehai and Ruidian hot spring waters.
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4 As  Sb (mg/kg) .
Table 4. Concentration of total As and Sb R
in sinter deposits ( mg/kg) As
As Sh
72.6 31.0 ’
104 13.8 ©
80. 4 4.41
196 8.94 3
2.4 K\Na\F\Cl 5102
SO, \Mn Fe o
AS N Sb o
° As As( 1)
K.Na.F.Cl.SiO, .Ge.As .Rb.Sbh.Cs N
w Ca.Mg.  As.Sh
NO;~ 80, As.Sb N
As : As.Sb
675 pg/L 687 wg/L. _
As(TI) 64% )
(15 L/s) )
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Geochemical characteristics of geothermal fluid in Tengchong Area
Yunnan Province China

LIU Hong' > Zhang Guo—ping' JIN Zhisheng' Liu Cong~qiang' HAN Guidin' LI Ling' *

(1. State Key Laboratory of Environmental Geochemistry —Institute of Geochemistry Chinese Academy of Sciences Guiyang 55002 China;
2. Graduate School of Chinese Academy of Sciences Beijing 100039  China)

Abstract: The geochemical characteristics of the hot spring waters in the Rehai and Ruidian geothermal fields Teng—
chong County Yunnan Province China were described and their possible environmental impact was assessed. The
results show that the alkaline spring waters contain high levels of K Na F Cl and SiO, whereas the only acidic
spring water in Rehai geothermal field contains high levels of SO,”” Mn and Fe. As and Sb in the spring waters are
in the ranges of 43. 6-687 pg/L and 0.3823.8 wg/L respectively. As( III) occurs in most spring waters and the
fraction of As(IIl) is up to 91% of total As. Fractions of geothermal As and Sb are trapped in the sinter deposits
while most of them enter the environment. The diffusion of As and Sb into groundwater and downstreams in crop fields
constitutes a threat to the health of the local population.

Key words: Hot springs; Geochemistry; Rehai geothermal field; Ruidian geothermal field; Yunnan



