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Evaluation of Temperature of Parent Geothermal Fluid and Its Cooling Processes
during Ascent to Surface: A Case Study in Rehai Geothermal Field, Tengchong
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Abstract: High temperature geothermal system contains plenty of geothermal resources. In order to further understand the high
temperature geothermal system, taking the Rehai geothermal field of Tengchong as a typical study area and the geochemical
compositions of Rehai hot springs as basic data, the temperature of parent geothermal fluid (PGF) below Rehai is estimated by
use of multiple geochemical models, based on which the cooling processes of PGF during its ascent to surface are analyzed as
well. The geothermal waters discharged from both Liuhuangtang and Reshuitang of Rehai originate from the same deep reser-
voir where a parent geothermal fluid with CI™ concentration of 265 mg/L and temperature of 336 ‘C was identified. The Dagun-
guo spring with the highest vent temperature at Rehai was formed via direct adiabatic cooling of PGF, whereas the other neutral
springs are primarily the results of mixing between PGF and shallow cold groundwater, although boiling was also involved after
the mixing. Above the deep reservoir containing PGF, there exist many geothermal reservoirs with temperatures higher than
200 C. The formation of these reservoirs is possibly controlled by the faults with different stretching directions at Rehai.
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e b R v, P 3 S I AR S R TR
SRR E — AR T 2 BRI o J e P YL SR I
A K (Fournier, 1976; Giggenbach, 1988). Ui 5
PR E TS R A /K ZE IR R R A S 1)
TR TEAHIF AT T G D 4 JR 0% R B B 2
LFRHIN 10 £, HR DR RS Tl R T4
Hu K B B B 7R B (Fournier, 1976). Bi [ 3A& P Fp
RNy b MR S R T K IR G =~ —
Fhes WS 72 (Truesdell ez al. , 1977).

Hh ] e IR R G 32 A E = B L VY ORI Y
JHVEFR B EASANEE-, 1999) , 1 tp Ly b P X S 2
FAFASR 3 A1 5 HP 0 bR DX O PR TR 15 7
2 A I DX AR U 2 AR A5, 1974) L 1T A
TR DU J b 1 DX P K 3G Bl s B it
S5 e AKX AR FH ) 7K AR 7R 28 R A 6 et 2
PR SR TS L K PRI A IO A TR S B Y
IR Py SR AR A (B RN AR 199D, I AR 1
ZEERAEREA T TAIOCHESE TAE  Zhang er al.
(L9STFIHT CL FAKE A BT 58 ) A 4 ) AVt i
FEAMET 276 C; BEEZRAE (199D il Al bR+
H0 ) A b DR )23 A 1 L FE Ol 230 C 5 X R 4
(1995) BT A 1 FAIRLE T T W A b DX 1) 7 J2
il 180~210 C ., IRJZHAER IR EEZ) 250 C. it
b AR A M (1994 I CI™ A (E BT T
TR TR B B b B A (4 I BE Ry 276 C5 Du er al.
(2005) &5 7K A= FH 6] 437 22 I Al 5 s B B P
PUEEEELE 250~300 C; Guo and Wang(2012) [ ¢
8P CL HRKE (B 175 38 P i B e PG A )R 2 24 h
325 ‘C. R, 5 2448 0 A Rl Bk AL 22 iR AR 25 A
A HGE AR MREEHBRAL AAR AR AR Y A 1L mT
HE 5 L PR EAH 22 E 08 (Fournier and Truesdell , 1973)
A, CI S (A FELEA AT TR R 2™ R %
VL Xt PR R 0 TR b PR I A TR B A B A A
B k. DRI W] ERHAES B 22 oA (] b 3R A 2 IRy 12
SR AT e T AR FE TR B b AT A )i b A
TR HBERAL A AT I BTVR IR — % T Hb A TR
W BT 1 FH SR e 04 i s HA AN 5 T i 1) B 2
X (Fournier and Truesdell, 1974; Fournier, 1977;
Nicholson, 1993; JL & HH %5, 2012). ASBF 5 LA S vhF4
TP TR IX SR SIO, ~ (AR L CL e E Rl
Cl™ G H S Z Rk Al 7 BI# T RLi SR T4
FH R BRI IR B, FFAE Ay 5 1 Bkl
PATEF AL AR P B 2 D A AN RV 20 ., A S
FHTEWRAEAN T TR R R RTER TX 2 Je i

A RIS R BP0 1.
1 FRFEIX s St

Ji#5 KL DX T A 118 1 P AR R AT B BE R 5 R
EAR B Z 8], FLPG S DL SR — 2 4l ) 4% 5 4R S 40
MBI T AT S A 46 S5 L B A 2 (il
RAEEE1996) HT AR LAK  EREE AR KR 2R 1) NE $F
JE » g AR 1) AR IR b ot b 2 R L 3O XK
L& B AT 5. K KL Bk il F A 5
B 1 1 B0 06 2R B D) FL A SeeR M & 1 3 DT R Y
KA FARUT NS [a] 1) K 5 — [ o 1Ky 24 Jie A
(BB I AE . 2000 BRORAREE, 2014).
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Fig. 1 Geological sketch and sampling locations of Rehai

®1 RRERHERFE

Table 1 Major characteristics of geothermal water samples

Y5 R WECC)  pH SR (ps/om)  HRA (mg/L) BIEHLK (mg/L) 7L (mg/L)
RH02 Bk IR 96. 0 6. 42 653 0.03 7.6 528
RHO04 KRR 96. 6 7.98 5290 2.45 834. 2 2940
RHO05 NiEE 92.0 8.26 4290 0.78 612.0 2147
RHO06 Al 96. 0 8.93 4430 0. 00 441. 6 2159
RHO7 MRS (ki) 94. 0 8. 85 4650 0. 00 501. 3 2239
RHO08 JINGER 82.0 7.50 3280 0.13 760. 5 1474
RH09 KB 2 70. 0 8.20 3790 0. 63 876. 7 1606
RHI10 T4 49.1 9.16 3940 0. 04 467. 2 2009
RH11 T4 65. 8 6. 89 2811 0.18 586. 9 1510
RHI12 T4 90. 0 8.19 2 860 0. 00 475.7 1413

T BICHLER A CO, B Bl 51 B Guo and Wang(2012).

WA 5K STk Y (Ellis and Mahon, 1964) , 75 #4 COs* ) By T BV C(H(‘() +c0,? ) B FEAE AT DA R

VPV 1) SR K RE R (RHO2 JiF UK RERR A1) . B 1Y)

HIRE B R AR A 7] — U R G2 (Fourni-

RN 5. 61~16. 98 mg/L, [} Li,Rb.Cs 1) er and Truesdell, 1970). 7E % Pt 3 X, 5K AR

JoT S AR LA 1 U X S SRR AR P R i HR) Corm /Cauco, +co,2

WA G I KR A

)5 SIO, B e EE R

KRME 2 PR, XEH G Co /C<Hm3 +c0,? ) 1Y
oK CU @ e B2 (Co ) 5 (HCO; + 2 ABAEO0. SLAPY » DU HE Wy B 35 T SR K TR AR
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Table 2 Concentrations of major chemical constituents of geothermal water samples
45 HCO;~ COs?~  SO4%~ Cl™ Ca®>™  Mg?™ Na™ K™ SiO; B Li Rb Cs qZEEﬁ;ﬁ(‘?/j )
RHO02 5.5 0.0 128.2 39.2 2.3 0.40 67.7 15.9  262.0 2.01 500 246.7 46. 2 —5.4
RHO04 1059.0 73.1 19.7  539.1 0.3 0.02 725.5 107.6 889.8 16.98 6 133 1282.0 671.1 —11
RHO05 768.4  70.3 17.1  419.6 0.3 0.03 521.2 75.7 621.7 12.44 4289 1000.0 515.6 —5.0
RHO06 415.9 192.1 14.7  401.2 0.4 0.01 552.0 81.0 667.0 13.24 4378 1064.0 535.6 —1.9
RHO07 499.8 190.5 15.3  413.6 0.3 0.0l 574.5 83.9 678.7 14.13 4667 1124.0  564.4 —2.2
RHO08 982.9 12.9 20.5 174.8 11.8 1.42 412.2 33.6  260.5 5.61 1 140 402.2  142.9 —5.5
RHO9 1147.0 55.0 15.7  140. 4 2.7 0.49 506.7 38.7 247.3 6.63 1382 4444 165.1 —3.6
RH10 517.8 127.3 32,7  344.7 1.1 0.30 489.3 72.0 581.2 12.27 4 200 980.0  520.0 —2.2
RHI11 665. 4 1.1 52.1  279.5 2.4 0.08 334.2 5.9  330.0 7.93 2778 668.9  340.0 —9.7
RH12 615.6  35.1 23.8  279.5 2.4 0.16 338.7 50.9  350.0 8. 14 2 867 657.8  360.0 —9.4

E:LiRb . Cs By BRI BE AL pg/Ls

FeAl L5 807 mg/ Ly RS A THE - 100 X [(SZme—

|SZm, )/ (SZme~+|SZm, )] Hp Z

HETFACE M me vma 5353010 PHES 7 FIIT 8 F B2 RV ;51 B Guo and Wang(2012).

3 HARHFEMATE(RHO2,RHO8 R5h)
Table 3 6D values of hot spring samples (except for RH02 and RH08)

G5 RHO04 RHO05 RH06 RHO07

RHO09

RH10 RH11 RH12 Bfis PHA 7K

SD(%0) —65.0 —66.0 —67.0 —66.0

—68.0

—65.0 —66.0 —66.0 —59.3

T BREE R K IRAE S| A A& T 55 P (1989).
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~co,2~y vs. the concen-

FoKH B T [A) — M IRER A,
Fritbz A AT CL 5 A A %?EQEQ(B
Li.Rb 1 Cs) (AR & Z s Al DAUE X — s $fis
H K — A B F AR XS b oK g CL A DT ik
(Noble et al. , 1967) ,{HXF T ELA7 45 3 AR 19 755 1
IKIRER G & DTk /T Moa 8 < e vk
Y CL i HLAE s Bt A ok 2 e, CL sk DL
B 1 40 W o6 B8 A K A it A2 4 4 14 9 ST DE ok
(Truesdell and Nathenson, 1977). B LAYE h—F 4%

sy

F4 O SR p4FHEAES (B Li.Rb F1 Cs) BItH X R &L
Table 4 Correlation coefficients between Cl~ and some oth-
er characteristic constituents in geothermal water

(B, Li, Rb and Cs)

Cl=-B
0.954 6

Cl™-Li
0.9700

ClI~-Rb
0.957 3

Cl=-Cs
0.963 5

B Y

SFEH 4y . CU ] DL T8 s R AR 2 05 iR & 1
T2 I3 HE A R X b ER Ak 22 21 A 5 . $AE
PH 7K AEH BULiVRb fil Cs 5 CI AR £k
K F L HASE R BN 4 PR X BB T RK Y
B.Li.Rb FI Cs A AH R 1A 5.
iy R A P B TE ML 114 T VR P ABAT — o

BRAL 248 7 B X AR AR R 2 22D, HL CO;
HCO, ™ fil CaHCO, " =¥ S fF7E. £ LT
200 CHF, MU gAGR A& i TEHLIR KR 2 L HCO, ~ F1
CaHCO, ™ MJE BAETE. MK i T 200 CHY, 48K
ZRINT iR LA H COs TEAAFAE 15 M A 14
Hh A B TG, B e R 2 1 CO, 3 AKZEIA
(Arnorsson et al. , 1983). T 24 #7419 16 2 =
T 300 CHE, CO, A5G FA]—28™ Wy & A= ) A

SR G ¥, CO, M5B R LA R, I
P2 s R AR AR TE & AR KR A B ) T L 2595
H CO, MR 1 T i Mk B T D48 7R A 200 ~
300 C H A 1 16 B ( Arnorsson et al. » 1983).
HREA N
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F40 &

lOgM(«()Z = 37.43473192/T — 11 829 X 103/

T? 40. 189 23T — 86. 187logT ,
Horr s T Attt e st B it 14 2R T2 B2 VR 2 i 1) I 2
(KD s Mo, FHUBGRARLE 100 C KA N2 G T 7%
15 CO, By & i (mol/kg). F AR K P SIO, 5 &
TCHLBR A AH O 6 R AT LA 5 Vi v i b B gt A4
TE T2 3 0 5 B rp 2 A5 22 3ok o s Ao AR T L
FERE 78 R I O T - 38 W] A4S B PRSI 5 R
K IR A 2. DT R BOAl 350 B 6 19 T
(Arnorsson, 1985). {H &, # # R AR E TH I 1) 1 A2
T RS D7 A B TR 8, AT 3a 80 3 4 v 1 BTG
BLAR A R 2K o 1717 Aok TG WL RS 1) K 2 s 2 D) 2 ol 7K A v
SiO, 5 SICHUBR AR IEIC R R A28 AL, DLEC Hh 3
iRzkit. Giggenbach(1988) 1 KT . Mg f1 Ca?t
Z IR SC B0 1 5 i A8 Ry Y L an 81 3 e
71N o I Ih AR T b IX PR 7K R R R 23 RV AE 5 M A0 R
TE B DI T80 7K R St 7 il A T B X 1Y 43
SRR 5347 it AU R4 A EH S DX 0 1) b A
WAET it R oA /D i B8 O T A TR 1 [
A 2 ARG b g AIE 13X — .

Guo and Wang (2012) & #& 4 9L 15 AR (Verma
and Santoyo, 1997) fl Na/K ji& #5 (Giggenbach,
1988) T4 1 TR i SR BT X g 1 B Ui . RHO2,
RHO8,RHO09 . RH11 il RH12 T ¥ Hu i it £ i i
A1 Na/K B2 A 22 80K, H 5 ] fig 2 A ik 5
& Na K 0 W) A 3k BI04 1 5l AR A T
Tt R 28 KB B IG SIO, IR BE R [ . sl 4
TARLUAT A 7 S 21 )5 S0, & A= Ui, SR, an
Bl 477, RHO4 20T 58 4 P AT 2 b, oAb KFE SR

-1 10'

log(Ck'/ Cei™)
fecox(Pa)

log(Ck'/Cmg™)

B3 HuEih Aok d KT Mg fil Ca* Fii ke BE AU Z M1
MHEXRR
Fig. 3 The concentration relationship of K", Mg" and

Ca’" for Rehai geothermal waters
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Fig. 4 Triangular Na-K-Mg relationships for geothermal water
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RHO2 S5 AE 38 70 - AR & X P9 - HAH 25— 36
GrAR R 58 A AT LR, TR I 2 KA AE FA i v
23k 3 5% Na, K 7Y 19 5. b TR G o F 0t
Na/K JB #7152 I £ /N (Giggenbach, 1988) . A] 4¢ A
Na/K R B il S B It A7 - A RS 1R
&, 4R ¥ Fournier and Potter (1982) & 44 iy & 16
AFCRBOR AR SIO, 1Y BT W, i 4 F HH SiO,
55 R TCHLB A AH 5 56 28 1 T 2 F- 4 1) b B A TE HE
th b R S 2 Dy ki s R A L R

RHO08 I RHO9 " &k 217 1yt FA AR 7E T
A AR R Rz 2 T ¥ KR A E R IR IR 7%
TR, BT LAFE RHOS F RHO9 iy B S /K A b
B2 T AnE 5 FrR s 1 AR o 1 SR KA
i (RHO2 JIFOKFERR 1) WER A TP 2k 2 | 3X
Ui BH B 26 K e H 11 A A i 1 (L X S S
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T 5 f) B A A B T A G R R e A 25K
BR .

4 B R BT
Pt H L

Cl™ 44 {H I i B 2 Fournier (1979) 42 4
() s B AN RERS 3 A 1 40 i 43 3 L b R AR 7 T
TR BT DT S A F AT R T ELX T — S iE i
A2 RN TG BT 3 ) b BRI AR Cln A
Hi DX BRI A L TE I CL A8 6 11 D g 75 281 L
A )15 B (Nicholson, 1993).

TSR RHOS Fl RHO9 R 3 £ i 114 H B o
A DL R At % FH b DX I 98 K OKi A 19.5 C,
ClI” Rl 2. 3 mg/L; (M FIE £ B, 1989) 78
B O B e IR G2 T S A PR LA T
— B BT S AR AR A AR R B L BGR R e CL 1
SV R LS A BB PR AR 1y CL st Wk B o
265 mg/L. X5 1 565 J/g. Xt 57 0I5 B 2 K
336 C. BT RHO2.RHO8 #1 RHO09 4, HAh R O F
1 Hb AR A ARG TR ) RS B R BRI 2R
e A TR FEan & 6 Fras. WKL 6 Higa] L
— A5 A PG TR AT REAFTE S 5 LT L
it 4 NIRERAN 260 C, 75— RE
2% 211 C.

IR (G EL 2 2 G5 332 AR TR 1) I3
Bl ] G OT-45 19955 1H & EAE . 2000). XA

3000

I HUR A 5 B 10K 26K

O HULAE

® i S50] 7 A A  O H A A
O A

L EIESTY

A A A
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i AU A

JE(1/g)
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Fig. 6 Relationship of Cl™ vs. enthalpy for Rehai geother-

mal waters

NS [a] % )25 W7 2445 ) 2 TR 2 Hb BAd (R L B Oy
250=£7 C) B H AR M B ACHE 3l 1 NW. i) W7 24 10
P il 2 v 2 M ARG AL Sy 241~90 'C) Je o
PR R R E R4, 20000, CL RS (E K
B R R XAEALE 4 MR 290 260 CRyFAi . 4
AP IR 2 A 268 K 28 F HE BT B AT AT BB AL T[]
—ANENL L HAR P REJE B T NS [ )2 W 4%
il s AR E S — o R K R RHO8 F1 RHO09 {3 F
PG HROK AL, 2875 1 W7 BROK 38 T T8 A2 A B B AR
AIREHT NW [ B 2 il

ML 6 HraT LT A A B A SR T i A
FEHPGR A S B AR RS K TIRA R
Je MR AR R B Ry 310 C A2 A R M H R AR
B A I I R B K A AR A A S TR A 0 i A
TR L4 2802 01 Oy a4k 22 1 TH Bk g 4, 74
fitt 4 HhHRI ] 45 7K b B &b L4 S LS
Wk B TV B G 48 A B i RHOS , RHO6
1 RHO7. RH10 5 RH05,RHO06 #1 RHO7 JE A% i)
TEFEAH F] S AN [R) )2 B AR AR 5 T 8 1 318 7K
IBAGHIEREEZ R 290 C. BEHb 3K 5 1218 7K
IRAERAE T B RBP4 SR 5 7E 260 CAL S
AR H B A AR E B RH10 1 RH11. RHO8
F RHO9 N i B R AR 5 ¥ KR i 1%
SAHISTE R RHOA 2 h B b ik B 4
P ATE BL.

] 6 B2 Xt I H b I R G5 i B A S 45
AN SRITE B3k R AT AR g 1 — A e A H 2 Al
Cl kS (H 1 X M 38 2R 5 19 e TR A AR 5 AS S i —
(RS TR A B A () b BR AL 2 B R X B 6 A7k
— b SRR IE.

SIO, ™ FAKE (L ] S5 70 2 FH oFe 3 F 35 R 44 it 11 11
JE X — R IET SIO, 58 B, T e
A SR TG TP ] SIO, SRR ),
HIRIEIRA Z GG SIO, BIEMMTTTE . A GE
HIE 2k (Fournier and Truesdell, 1974). 1fij
i b R M X b PR AR Y SIO, 7E H R T LR
I REH AT R AR T UUUE. r A B F SIO, ™~ #4s
1B RS RHR ) AR AN 3 1 (EZ W] LA
FH SO, ~ $JE A D CL A8 6 T T 41 38 1 45 A 21
TE R 3 R VEA T IR E.

g 7 fis, RHO8 . RH09 . RH11 il RH12 {3/
FIETE SO, WAk R M2 BT, X 26 SR AE 77 1Y)
WA REAR RFEE L2 B TE SIO, WM 45
il s 33 AT RE AL IE 2 A S YRR 5 Na/K bR A6
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T 2 S g i R AT A Y 45 1 SR (RHO02
BRAM T H AR AR B & D R H i R 5 ] 6
B SR AV B AR — B0, B 7 R 1Y 5 AR
5B 6 H A PG A TR, [ B 35 T
)R T BE LA 25 A8 K

AR GE KRR ZE VR0 iy 2R IR UE
(AR A AE A R G 1) 5 A A v R IS 8 UK
[FIEEE - T ) 3 i v 32 At i 4 1) 5 i e AR /N
T CU B AT ARG i e SRR 5 3
(Truesdell et al. , 1977).

RHO4 I A P Fh AT BB R, — b 2 Hh B A
ARG T PR E B IR AR 5,08 UK 28R Bl
ZEVAMEVR , BB R T MR A R AW el 2
U » R RV 3 SR 7K 2 e B R IR — R PEAE 96 °C
TG . o — AT BE 2 Bk IR AR AE B35 i fif 5
IR R K ZE R C E R TE R A LR 5
Y. 7E DL B A AT BE RS 0L T . AL RHO4 1
SR B AR A b ) SR 4 0 Sl — 78, 8% il
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