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Characteristics and formation of the Dakongbang hot spring in Yun County of Yunnan
YU Mingxiao' ,ZHOU Xun"?, LIU Haisheng' , HUO Dongxue' ,ZHANG Yuqi'
(1. School o f Water Resources and Environment ,China University of Geosciences (Beijing) ,Beijing 100083 ,China;
2. MOE Key Laboratory of Groundwater Circulation and Environmental Evolution,
China University of Geosciences (Beijing) ,Beijing 100083,China)
Abstract; Located in Yun county of Yunnan,Dakongbang hot spring lies in the Yunnan-Tibet geothermal belt. In the hot spring
area, the geothermal reservoir is mainly composed of the Lincang Granite with well-developed fractures. There are five spring
orifices with water temperature ranging from 88. 3 to 96 C. Most of the cations in the hot water are K", Na', Ca®" and Mg® ",
and most of the anions are CI™, SO, and HCO; . The hot water is characterized by HCO; Na type in hydrochemistry, and TDS
0. 625-0. 702 g/L, pH 6.7-9, H;SiO; 161. 1-261 mg/L and F~ 5. 85-16. 1 mg/L.. According to analysis of stable isotope, the
& H and 8§ O contents of the hot water samples indicate that the hot spring originates from precipitation. The elevation of the re-
charge area is estimated at 1 800 m. Temperature of recharge area is about 3. 6-7.2 C, and that of geothermal reservoir 143-181 C.
The circulation depths of the thermal groundwater are approximately 2 858-3 496 m. The formation of the hot spring can be summarized
as that recharging by precipitation in the surrounding mountain areas, the groundwater flows to deep and large fractures, heated by heat

flows during deep circulation, then upwells as geothermal water along the fracture zones and finally crops out after mixing with cold
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shallow groundwater as boiling springs and fountains of high temperature,

Key words: hot spring; hydrochemistry;isotope; formation; Yunnan
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Fig. 1 Geological sketch map of the Yun county area of

Yunnan (modified after[137)
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Tab.1 Hydrochemical analysis of the Dakongbang hot spring

ALK YLC15 YLC15-2 YLCI15-3 YLC15-4 YLCI5-5

K*/(mg+ LD 23.4 14.3 11. 8 12. 4 12.7
Na®™/(mg+ L) 177 178 169 169 170
Ca®" /(mg+ L) 0.12 3.26 10. 2 11.6 11. 4
Mg?" /(mg+ L") 0.11 0. 81 1.62 1.52 1.91

Fet+Fe/(mge o)  —  <C0.002 <C0.002 <C0.002 <<0.002

HCO; ™ /(mg-L1) 329 318 414 423 384
COs* /(mg+ ') 37.5 50 - - 20. 8
Cl™ /(mg+ LD 33 27.8 25.1 23.7 23.9

SO% /(mg« LY 31 24.7 48.5 35.7 32.8
F~/(mg-+ LY 16. 1 7.74 6. 36 6. 06 5. 85
NO; ™ /(mg-+ L' 0.195 <C0.08 <C0.08 <C0.08
li/(mg+ L") 1.2 1. 068 0.78 0.742 0.753
Sy/(mg -+ L) - 0.0824  0.341 0. 365 0.38
Zn/(mg « LD -

Cd/(mg e+ L1) —

0.00108 0.00101 0.00327 0.00161
<0. 00005 <<0. 00005 <Z0. 00005 <Z0. 00005
Ba/(mg -« L'1) — 0.0154

0.0408  0.0447  0.046

Crft /(mg+ L) —  <<€0.002 <<0.00Z2 <<0.002 <<0.002
Pb/(mg -+ L) —  <C0.00002 <<0. 00002 <<0. 00002 <<0. 00002
Mn/(mg -+ L'D) —  <<€0.002 <<0.00Z2 <<0.002 <<0.002

H,Si03/(mg-L'!) 261 161. 1 191. 1 190. 2 190. 2

Wi COp /Guge L) 0 0 1. 804 0 0
WALEE/ (g« L7 702 625 686 683 664
pH 9 7.8 6.9 6.9 6.7

26Ra/(Bq « L1) 0.022 0.067  0.031 0. 04 0.026
22Rn/(Bq+ L'1) 0. 22 0. 36 1. 74 1.51 0. 98
R/ C 96 88. 3 89.4 92.7 88. 8
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Fig. 4 Piper diagram showing the water samples of the hot spring
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Tab. 2 Estimated elevation of the recharge area of the hot spring

IKFEG S bR /m g/ C 3*H/ %o 3O/ %o WA/ mUE P HD) WA/ mE 30)  FH{E/m

YLCI15 1150 96 —78.2 —11.4 1 846 1681 1764
YLC15-2 1 140 88.3 —81.7 —10.4 1981 1358 1670
YLC15-3 1 140 89. 4 —83.1 —12 2035 1874 1955
YLC15-4 1140 92.7 —79.8 —11.1 1908 1584 1746
YLC15-5 1 140 88. 8 —83.3 —10.9 2 042 1519 1781

ORI ARt B 7 i T AR A6 1) o S Y Al Tk~ Yurtsever $i2 HEFBRRTREK 870

BRI A A X R AR L 800 m, iy i BURE £ 600 m
oA AR 5 DX L L T = R A2 1 200~2 800 m,
55 8 B 1L Ml A L SR D 25 X S B M TR 1 O 3 AR
AT
3.3 AL REE
MR R AR IR 5 AN RARIR AT &°H Fi1 8™ O
Bl R = X RNA XK TR R T A 5
Jrk— AR BR 2 X AR R K 81O
AR SIRE R R

t(8%0)=10.695:—13. 6 3

FF-HREE ¢ KR h
1(3%¥ ) =(0. 52140. 014)t—(14. 9640. 21) %, (4)

Jik= WERFEIK 8 H BE AP ¢
ZIH SRR

t(*H)=3t—92 (5

AR = 05 v S R b 45 DR BE L 25
RN F R 3. W LR =Fp oy ki 7 A4S 2 A 45
TRAH 25 AN AR TR Ak B30 48 e it 2R b 2 XL B2
3.6~7.2 C, Mk F =B PR, &AW4 R1E
A .
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Tab. 3 Estimated temperature of the recharge area

K G5 5*H/%, 3O/ AHKIEE/CHEXG))  AMEXE/CUHR @)Y MR/ CEHERG)  PIE/C

YLCI15 —78.2 —11.4 3.2 6.6 4.6 7.2
YLC15-2 —81.7 —10. 4 4.6 8.6 3.4 5.5
YLCI15-3 —83.1 —12 2.3 5.4 3.1 3.6
YLC15-4 —83.1 —11.1 3.6 7.2 3.1 4.6
YLC15-5 —83.3 —10.9 3.9 7.6 2.9 4.8

3.4 T HOKFR =L (6)
P HK AR I AT LUK 527 Ra- R B4 A, Nk,

PR 26 32 A7 JE HUR 28 (6) (Cherdynstev 1971)
KA

e BOKAFEIE () 5 -7 Ra O 3848 #5480 BUE
0.00043; Ng - Ra % & (Bq /L), Ng - Rn % &
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Tab. 4 Estimated age of the hot water

KRS Ra & E/(Bg-L') 2Rn & &/(Bg-LD)  4E#E/ a

YLCI5 0. 022 0.22 238
YLC15-2 0. 067 0. 36 470
YLC15-3 0. 031 1. 74 47
YLC154 0. 04 1.51 70
YLC15-5 0. 026 0. 98 70

¥ - YLCI5 F9226 Ra 1222 R (IR IR F 97 /K B3R 55 52 5 FC A8
$ ok SRR LS S

MRS R 0T LA R R R R R YLCL5
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KAEWRE RS L, BTSN A7 5ot

.79 Ra F17% R (AE A B 0800 sh 8 & %115 45
TR 22, AR YLCLS FI YLC15-2 #AK 4R %
TGS AR R KR IR SR PR AR IS B AE 100 a
I,
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4.1 #AERE

TE B AT LA FH P A1k B TR B A
B X B S IR R R S5 ik B ke
B 3Eat F Y. ARPENTEIT X kb T S A KAk e
BECR T2 5 Y Hb BRGR AR SR A 5 M R Bk R
};@‘[1.24 25] .

A 5 H A A RIS R A iR R AR
L 5T 6,
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Tab.5 Geothermometers function of the hot water

AR AR5 3%

RGN

T=—42.198+0. 288 31Si0; —3. 668 6X 10 *(Si0)?+3. 166 5X
107 7(Si02)3 477, 034 11gSiO; )

AR TCZE B R A A

A BERAR-TCZETR R (0~250 C ) 7‘:5-19_7@5“27273' 15 (8
A YRR R ZERIRURTE 100 C(0~250 C ) T:m—zm. 1 )
o IS AT T=is—lgsi0, 2751 (10)
EREEAR-TCAIR R (0~250 'C) T= —273.1 (1D

" 4. 69—1gSiO;

T HHHIEEE (CC) L, SIO, T B mg/L,

®6 MEEEHEER

Tab. 6 Estimated temperature of the geothermal reservoir

AR/ C

ke W/ C AR/ C
(D T (8) (9 R.(10) A1)

YLC15 96 180. 9 180. 3 168. 5 130. 6 159. 3 169~181
YLC15-2 88. 3 149.7 149. 5 143. 1 99.1 124. 3 143~150
YLC15-3 89. 4 160. 0 159.9 151. 7 109. 6 136 152~160
YLC15-4 92.7 159.9 159. 6 151. 5 109. 3 135.7 152~160
YLC15-5 88. 8 159. 9 159. 6 151. 5 109. 3 135.7 152~160

T YLCLS JRE M SiO. $di5] 8 Scmk[14],
— ok A B IR AR S T R IR I . BRI Z=G(T.—T, +Z, (12)

PiaE AT A A o R R R R T 3
A+ U EE A R« ORI A Sl B T 45 2R A D i 2R
18 At L 2 A B R e i R BB IR O 143 ~
181 C,
4.2 PAIRIRE

KPR RIS R AL ZRE  ZHl
T B TR AT 28 B T 2 3RS T R R L AR
AR 2 SR R SR AP PR TR L

o 144 o KXt/ L5 LA A

XGNPI IR K (m/ C) XA 22 m/C
CHbL R B 050 H RSB 45 C/kn) 5 T, O
R R B CC) s Ty R Z 4R H SR (C) L B
18 C;Zy J IR (m)  BUX {E 20 m, #UK
TEFRURBETT S5 R T3R8 7. R MR SR G PR i
2974 2 858~3 496 m, H ML T KGRI R MR
RIZ LB B HOKIE IR 1 BN B 4%, 912
NI B R K
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Tab. 7 Estimated circulation depth of the thermal groundwater

KEEHRS G/(m-CYH T./C T,/C Zy/m  Z/m
YLC15 22 176 18 20 3496
YLC15-2 22 147 18 20 2 858
YLC15-3 22 157 18 20 3078
YLC15-3 22 157 18 20 3078
YLC15-4 22 157 18 20 3078
4.3 AIKRA A

P GLERI R A N OB RN AR RS PSR
Wil RBUR & AR A - D T oK AE BT
BB BA A e SR KR ARG . BT

S(SIO,) R IR KR SiO, B HREE 3 A (SI0,) R ERTBRI
K SIO, BIHIEA BRI B & S, iR %., B (13)
AMAD A X fFEERH

7511_5.\
Xi=3=¢ (15)
X27h(SI()2)*S(Sl()2) (16)

~ h(SI0,) —C(SiOy)

AR B R AR 3R 87 A
KSR ITRR R Xo M X (H.455R £ 9. R
PPN IE] AR R R AR A LA (5] 6
®8 PIKBE AWM SO.REREXR

Tab. 8 Relationship between temperature, enthalpy and SiO; contents

FE SRR AR KR B HEATRIRBOK G S BUEROK ) W/ SI0: Rl K/ S0z i
X L X s . b 3 L wkE/
YA B RARRE R S R BUERIEHVKI ¢ ol €Ol T
FALREACEIR AR 2 AR A B 8 X, ] L
- A o _r5) 50 50 13. 5 200 203. 6 265
| T R N e W
75 75 26. 6 225 230.9 365
S(-X_’_S/,(l*Xl):SA (13)
. i . 100 100. 1 48 250 259. 2 186
C(SIO) X+h(SiO) (1—X,)=S(SI0,) (14)
) L . A o L s 125 125.4 80 275 289 614
S, AT F S K B RS L B 2 AR 2 SR - - s |l 300 i1 402
9 9 9 < <
18 'C; S, M IRIBIIK W K5 S, R IR K A A& I 1A L L85
o
C(SIO,) FEHIZER K SIO, JHE kB, B 10 mg/L;
£ BRX X tEEE
Tab. 9 Results of X7 and X; of the hot spring
‘ R/ C
IKEESR S
50 75 100 125 150 175 200 225 250 275 300
YLC15 —L44  —0.4 0. 05 0.27 0.4 0.5 0. 57 0. 62 0. 66 0.7 0. 72
YLC15-2 —1.2 —0.23 0. 14 0. 34 0,47 0. 55 0.61 0. 66 0.7 0.73 0.75
X1 YLC15-3 —1.23 —0. 25 0.13 0.33 0. 46 0. 55 0.61 0. 66 0. 69 0.72 0.75
YLC15-4 —1.33 —0. 31 0. 09 0.3 0.43 0.52 0.59 0. 64 0. 68 0.71 0.74
YLC15-5 —1.21 —0.24 0.14 0. 34 0. 46 0. 55 0.61 0. 66 0. 69 0.72 0.75
YLCI15 —53.6 —10.5 —4 —1.7 —0. 66 —0.09 0. 25 0.5 0.6 0.7 0.72
YLC15-2 —51.8 —10. 13 —3. 86 —1.64 —0. 61 —0. 06 0. 28 0. 48 0.61 0. 69 0.73
X, YLC15-3 —43. 29 —38.34 —3.08 —1.21 —0. 35 0.11 0. 39 0. 56 0.67 0. 74 0.77
YLC15-4 —36. 97 —7.01 —2.5 —0.9 —0.16 0.24 0. 48 0.63 0.72 0.78 0. 81
YLC15-5 —41. 4 —7.94 —2.91 —1.12 —0.29 0.15 0.42 0. 58 0. 69 0.75 0.78

Hi 1 6 n] DL R i 2R 5 A IR R BR
YLCI5-2 Fdla ABAR SN A 4 AR IRV KR & 1
BM 0. 6~0. 7. @A HLOIER  (H SR BRI H Y #4
Jl BE AR » 1l W1 IR 5 P9 AR T D e T AR
(RIS 4 A~ SRRV 7K IR A L A1 22 A8 KT LA ' A
B ANIzE » Wi A AT B A ) UK AE BT R rp 518k
Ra.

RHUKIR G R A AR L 225~275 C,
50 T G A Al 55 21 G BB 150~180 C
AAECTH B s o FR AR T I AR B Fr) 2 AR 2R
A IR AR AR U i T 205 TR A S P 1 L
SR FEARTCIE BB AR S Ay s P b 58

K B AL B B L IR 75 32 A ok 1) AV it
FERR .
4.4 BREBREX

R R B T I E AL B A Lok okl
Rk a “RAER AN . ERE A RARE I EE
JE SRR IR A A AE B FETRAL B A K R
L TR AR 2 A T RO St FRGAT AR R
Bt SR — et /KA DR . I LR S IR R AL
TR WS AN o B T3 W A S T P g I
Y b DX B 1) 176 2l 2R DR 52 il i I P £ f £
KT 0%, J& Tk PR IR 2. A A Tk B IR PR AL
B P i TR] IR A G SR AR BT B9 T 2 A
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Fig. 6 Mixing ratio of cold water and hot water of the Dakongbang hot spring
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Fig. 7 Schematic profile showing the formation pattern of the

Dakongbang hot spring
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