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Fig. 1 Simplified geology map of Jueyong hot springs,Chamdo and sampling locations, (a) from Deng Guanchuan
(2018&) ;(b), (c¢) by the maps from Geothermal Geological Team of Xizang ( Tibet )
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Table 1 Results of chemical analysis of water samples in Jueyong

e | | K LN [ [we w0 [cor | o [ 500 [ e | m
(mg/L) (C) | (mg/L)
Q1 HRAEK | 29.75 | 469.50 | 75.43 2.87 855.22 0.00 205.42 | 305.53 40°C | 2060. 11
Q4 33.21 | 497.86 | 75.23 3.42 928.26 0.00 263.25 | 250.17 58°C | 2160. 13
Q9 34.86 | 508.89 | 79.88 4.96 919. 13 0.00 251.24 | 303.81 40°C | 2211.05
ZJD5 40.80 | 510.00 | 56.30 15.40 | 699.60 | 16.50 | 288.80 | 284.40 | 58.3°C | 1660.00
RQO4 35.97 | 532.10 | 93.22 12.22 | 1019.91 | 0.00 263.01 | 266.50 |43~59°C | 2225.46
Foiiig R | BR 0.10 0.90 49. 84 7.54 192. 35 0.00 0.39 7.28 4°C 268. 18
pARERCE 1.06 4.24 37.46 15.81 193.57 0.00 0.37 14.77 6°C 272.29
et b | HiERAK | 0.33 2.14 45.69 8.03 146.70 8.38 1.03 20. 57 5°C 262. 49
Seith 1.65 19. 86 54.76 10.09 | 187.48 3.59 3. 88 42.81 4°C 331.20
: < 2+ o+ - 3+
P *) " H,5Si0,4 CO, Sr HBO, Li F B sD 50
(mg/L) (%o) (%o)
Q1 MK | 6.98 79.16 | 57.79 2.36 11.42 1.50 2.70 2.8 | -147.0 | -19.1
04 6.68 86.26 93.20 2.12 14.19 2.02 2.70 3.55
Q9 6.47 96.12 | 167.13 2.34 14.43 1.98 2.66 3.61 -149.0 | -19.4
ZJD5 6.50 - 16. 50 - 16. 00 <1.00 1.38 4.00
RQO4 6.92 89.29 29.21 2.41 - 2.15 0.22 4.08
Foild R | R 7.88 5.78 1.56 0.17 0.08 0.00 0.03 0.02 -133.0 | -17.5
WA TR R 7.65 13.89 1.56 0.09 0.16 0.01 0.16 0.04 -135.0 | -17.4
et b | HiEROK | 8.41 5.20 0.00 0.22 0.09 0.00 0.03 0.02 -131.0 | -17.2
i 8.17 8.39 0.00 0.34 0.59 0.07 0.13 0.15 -131.0 | -17.4

EiE  ZID5 KA EER S| A (14H6%5,2000) ,RQO4 K51 [ 2015 41 VH A BA GRS (1)  PUIHE 11 3 [X. B 4 TI7 4 AP 5 4 4 5 ) 5 B
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3.1 EEBF4AES

B PR SR K T 40 ~ 60°C . TDS i 2060 ~
2212 mg/L, 76 KT M 7K K & oK vh TDS &5 &
UK o SR SEER A, A IR SR K pH FE 6. 4
~7.0 Z ], FIWr A A R K

H Piper = )%[zl( &l 2) CIEs ,ﬂﬁﬁ@if%?éﬂ
I BOKAE R R 5 K Z 5 B, AR R T
IKAEZERFAE AR R, i SR 7K BH B F- LA Na®  Ca®™ (K™l
F  Na' b EEILH BT T LI HCO, (Cl7 R S0,>
A, HCO, & B, K2R HCO,—Na'
Y TS AT K B H 57 88 SR AR S = E
AN KA RREA 2E AN K, EEHE T H
Ca™ Mg, FZHIEF R HCO,  BRIEA T8 SR /KK
b2 HCO, —Ca™ © Mg™ M4k, HAl 7Kk fk
FRA N HCO,—Ca™ Y,
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Fig. 2 Piper diagram of the water samples in Jueyong,

Chamdo , Xizang( Tibet )

3.2 RESTAES

DX T il B SRk s iR SR K S A R
R ITT R, FEMEITE LR R B
B AR DL S R R D Ak R R R
B, AN 79 ~96 mg/L 2. 66~2.70 mg/L . 1. 50~
2. 02 mg/L, KA (PG IR M B A MY Y | 24 fi ik

R & KT 50 mg/L B KT 2 mg/L B A K
F 1 mg/L HIKEAE 34°C DL LB, BRAF & BRYT K AR
W SRR GEIRARE , BA BT R A DDA

3.3 ¥iESH

Gibbs [ R F 2 14 b 43 A7 7K 4 oK Ak 2 B4
SN R 2 8 78 KR B 85 2R, Gibbs 8] ( Gibbs,
1970) ¥ KSR K AR K 28 78 43 oh = 2 KA K A
(APD) | = f1 WAL B (RWD ) | 2 A—45 i &
(ECD) . HRAEE 3, 8F 5% X8 7K Bl 55 7K K R 3
A4 T Gibbs BRI | R BB SE X 52 A K52 e L
INCER P S,2015), %K y(Na*)/[y(Na") +
y(Ca*) 124 0.015~0. 24(y(Na®) J£45 Na B T
IR, AR [A)) ,y (C17) /[y (HCO,) +y (CI7) ]
0.003~0.075, TDS % & Ay, B, ifF 7% IX M 3% 7K
RV RIKFEAANT T Gibbs [ (1) 30 22 ) 1) X dek,
WA SE XV KK A 27 103 2832 5 0 AL R 52
MERAK y(Na®)/[y(Na*) +y(Ca® )] H 0.8 £
#7,y(CL)/[y(HCO,) +y(Cl ) ] 0.292~0.415,
IKHE s AE B A3 A 0 R TR BB L WA 25 A K
RFEIIX 52255 A WA 5 28 —48 iR Rl il o]
REJE T Ho T HOK7E 8 R SR i, TR I )
B, & A IRV E |, 85 2t e RN iE T iy 445
A, X 5 SR FJE B B SR AR A5 AL 54— 3K, (15
B, TIBTE Piper =& (F 2) Hid ZAE
Gibbs & (1 3) H #0028 51 2 /K 5 il T I 2K R A5
A ) SR KA SR R WA B TR R OK A AR
Hedtt 2= s il (EAS5E i T K Bz B, & 5 T
A PTREIN .

B L R A AT T o3 B K AR A A3 T L
IR (PLIEBEAE 1993) o y(Na®)/y(Cl) FARAS
FH,100xy (SO, ) /y (CI) RAEBEH R AL, y(C1)/
[y(HCO,) +y(Cl") JFRAkER b AR EL, X SE R Ak {E A
F/INAT LA e i, 2 1 DA A A Jo A (ke I
#,2011) , y(CI7)/y(Ca®") ATRAEK S ) 460 (£
Kali,1995) , N3k 2 Fron, WF 5% DX SR 7K 28 i R 4K
WA TV 7K, 2. 726 ~3. 525, K THE K 940 5 2 51
FLAE (0. 85) ; Wi b & £ /N T8 7K, A 70. 155 ~
109. 786, KT 1; #hIAL REOR T8 IK, 0. 413 ~
0.677, iR K vy (CI7)/y (Ca*") KR TR K, K
1. 539 ~ 2. 890, ixX SEAFAIF (R 13k I AF 5% X 4t T $A K B
Ak 2 dt AL 1 TV K BT A b 2 (R AR AN o
Pt 28 JFAE AR R g R 5 m, K sh i &
PEARRT R 22 , K R N5 B ik g R 1 A (] L S
JK TDS & it S & 25 & s T K
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Fig. 3 Gibbs boomerang envelope for water samples in Jueyong,Chamdo, Xizang( Tibet)

X HOR SR K 5 3K B v SROK B R B T4 A
AU, = BB E TR L HCO, o5 EEAR S, H
ER/K R 17 SOT Ak 5 ISR K 1 EE B T4l
73 20% 75 A, IR R T 3 K S v SROK Y
LR SR K 5 18 K B ) FOR RO S8 A T, T)
i, IRROK R BRI A AR B IR R (HCO, [ CO,* ) Bk
FESTRIREE ALY (SOT (CI7) MMk BE | A i SR 7K
HAT I B K FRHIE , 915 1R ¥ 7K 89 R AE A XS

IV (Toth,1999) , X bk FH &S+, SR K HP ) Na* [ K*
SRR, WA B (Na® KY) &> -4 )8 (Ca™ .
Mg™ ) & H, X d IH I 53 /K B A TR 38 /K I B AR AE
MR SR IK X A RRAE R, T SR K 58 KA &
FEREK R, A AR,

BEPHIR K W IROK MK Na® S Bk F
Cl &t W AH2E 3 M5 A4, B Na® AR I
THER AR O T BE RS oA P R R R

R2ABEREARRKEEFLILE

Table 2 Ionic ratios of water samples in Jueyong,Chamdo,Xizang( Tibet)

o gy | Y(NaD 100Xy<50f(> 77( ) _ y(CI) 7<Ca2*>+v<7Mg2*>
y(CI™) y(Cl) y(HCO;) +y(CO3 ) y(Ca®) y(HCO;)

Q1 IR K 3.525 109. 786 0.413 1.539 0.285
04 2.917 70. 155 0. 488 1.978 0.265
09 3.123 89. 262 0.470 1.778 0.292
ZJD5 2.726 72.833 0.677 2.890 0.357
RQ04 3.123 74.780 0. 444 1.595 0.338
ol R | ¥Rk 3.545 1381. 818 0.003 0. 004 0.986
YARERTE S 18. 400 3080. 000 0.003 0. 005 1.000
Feh B | Mgk 3.207 1475. 862 0.011 0.012 1.223
B 3.456 356. 400 0.078 0.091 1. 160
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Y& A 19 KL % % ( Appelo and Postma, 2005)
BIRE K FL i 1K y (Na™) /7y (CID) HA 22 A K, E
TR K T Na™ | CL™ Y 3 T KT K, BB HOK (Y
VAR I BE R K — O HE R A

HCO, T ERIE T & MR ER A DIRUA 578 e
AR SSRER $6 07 10 0 ULV il (T A5, 2011)
AR HCO, HUE K IR T R R4, I [y (Ca™ ) +
y(Mg*) 1/y (HCO) (ER I T 1 (4855 ,2015) ,
SR F 78 KR SR K p [y (Ca®) +y (Mg™) ]/
y(HCO; ) fH>} 0.265~0. 357, X £ H] HCO, i 7 i
VR TR RERRER ) S AR A, H R UK HE CO, 1Y
25T, 5B E  KRIE KA%SKE
IK—E RN, RGN T AR K iy HCO, % &,
BB, R K B M 3Rk [y (Ca™ ) +y (Mg™) 1/
y(HCO ) MHILIE T 1, BRIER K 518K HCO, By
RVEATR S, 5 $OK AL B 3 A op & A 1 45 b
22 BT U E A G, R SCEE B3 T #OKTE H R
M KA T B IR AR, A F I A AR T IR
K Ca® Mg i,

PRTE R E B o i L IR R K 5% KR
ShMEITTR S RESHE, i THMETRTIBM
AESS , — M R AR IK AR i L B AR /D (2222 4L 4%,
2010) . ZEH ANy, WF I DI R K i 1 A 4 B
TR UK 58 4 VS A e T, o8 TR 9 L
HICE R T ok,

3.4 PKIMAETEWE

H1 PR K i A U R 3 B Rl b
e R R T N B S  BIVER RERON R,
Rtk T LAB 2 SE SR IR AR m

THEASE (1980) WF5T 1 F =1 Sl b XK
) R W Ve i VA o = & TR L = o ]
MIRFR . LA AT ABFFEINRIZ X 8D 1Y i BE A
J¥ (k) REHL=2. 6%0/100m B R4

AR SR AN DX AR (H) AT R R
5.—9,

ke
Horfr b R BORE S BIRRR (m) 58, Al AR AY R 2 A%
53 (%) 8, RSB IIFIL R BT (%o) -

H 12 0T 7K T A e B, 7K —5 R v, R 28 e
JNE AL RE JIpR, B 7 A R R 2R E AR AR | i ST
FATH KD, 8D [EfaE . BRI 8D it
S T HOK AN X R RS M, LS
K 8D AR LR NER 3, AR R,

H = +h

PN T UK ANA B FERECHN 4725~4802 m, 455
T X1 5, AT LA P8 A b 4 DX R 3507 o 4 el SR
RPEAL R L IX

4 FARRIREE R AEPR IR A

4.1 EFKXMIRUFREITHEERERE

BT Hb R 4 S5 0 Ak~ A T ST P A
TEETT, AT A M A S5 b IR EE . B Y
IR SCHLBR AL 20 R A A A A b PR R L A
bR BT BB b PR B T AR b EGR RE T
S NIE] 0 AR BE TR A [ 3 A A A
A AR BE S T IO B 25 44F IR BEYE A 0~
250°C H. pH A A E i FoK ; R 80 5 B 1T A9 IR S
FHYE R R 25 ~350°C , ANl FH TAAFEIR A A I R #oK
SRR BRI 138 T IR Hb A 22 F R
Al B R I ) AV 5 RS IR B T T R, 2K
TR Ca® il T I DA v /KR AT e A i3
B, AT AR A 1E R ARk 4 E A A 4 R A K
(TRH655,2009)

xR 3 EREH M THKIETE
Table 3 The height of hot spring recharge
in Jueyong,Chamdo, Xizang( Tibet)

g 8Dy _smow BURE bR ey A IX R
T
( %a) ( m) ( m)
Q1 —147 4110 4725
Q9 -149 4110 4802

BT I UCRAEMA ST R, AR SE ] I SR R H iR
JE 6 P A 0 AR A Rl R T AR A I B T B R
M EETHTH R AT, RS Rk 4,

FAEHERTHAEBERHMEEETELER
Table 4 Calculation results of reservoir temperature

in Jueyong,Chamdo, Xizang ( Tibet)

be AT AR | IR | FPBRIR BT
HREETH(C) (C) ()
01 111 163 112
04 116 166 112
Q9 121 168 108
) 116 166 111

M T AR E T A B B4R AP 2 7
AT B B A IR L . E 205 (2018) &5
BLAFFERIFITELER A A VYR X AT AR 4 L



2 75 VIR B B TR R KA S R B G R A 505
5 -17‘ -130 @
A
4 IJ 4% -134 ,
b5 N 8 Hot spring
3 < -18 < -138 5
E7] - : - : - aBR
m 2 o 19 2142 Cald apring
. £ - O S o bk
1 19 - -146 i Surface water
0’ T T T T T =20 T T T T T -150 T T T (S T
0 60 120 180 240 300 0 60 120 180 240 300 0 60 120 180 240 300
G (mg/L) CT (mg/L) CT (mg/L)

Pl 4 DU AR EAT LR B T AR P ]
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U AR SR A 2 R R TR AT R I Y B A
TRLBEVT 45 50 > — ARk IR B T 5 2R > Bk
TRLBE VIR R, e ] — A i R B T S 4

VE R FAEIREE
4.2 REBBGEREEE
4.2.1 RBRHIEHE

A IR AR 2 J, S I X
POKTE LT RR it fE rh B kAR TR KRG 1E
Hl. Arnorsson 45 (2000) #& 1 77 76 2 HOKIR & 1E
i T ROk EESFEC R ¢ =5 D0 B S
EEII AL SR . A b DI SR K K £k
HHRE,H TS BY 5 DK 5% 2
) HA BT A AR SCPE (anfEl 4)

FAHPRATM Na®—K —Mg* F i & ok F 5%
HAHE PR 7R X ) Na*—K"—Mg> F-45 & (& 5) Bs
IZHLIX A 3 AN IR AL T R BOK, EIE T FH B
TR A A I PE, Na®—K*—Mg™ -4 |8 fh BF
58 DXHb T AOK B IR B P8 7E 180 ~220°C 22 1], B it
KT FH A 0% A AR b R B T B R B 1 A T
FE o A, ZEFEAT K AR 22 RRAE 43 B B e BRI SR 7K B
FAT T8 B /K B9 R AT G K FARAE | X 1t
AR K 58 KA B FFR

25 1, AT RIS 4 b DX PR SRR 7 1] Hh 342
B B B A R KIRA R B0 T UK
FE AR KRR, TR KBITRA, &0 —E 1k
Fob b BRI BT B ) BRI EE IR AR, Sy T T M A A
VR IAA IR B | R AR A AR
4.2.2 BH—BRREERE

FE—IE TR AR (RYL, 2011) 2T AHUKE
S LA I Si0, & AN [A] b A9V A5 T 5 B0 T #0K
AIKG AL Si0, B IR H BRI IR

AT AN -
S X, +8,(1-X,)=8, (1)
Si0,, X, + Si0,, X,(1 - X,) = Si0,_ (2)

.S, R KEIE (1/g), S, MR RIKIILLE (1
2) 5100°C LA A 40 A0 K k5 26 17K A 48 EG IR B 4K
100°C DA _F B, 35 B 500 KA (0 56 R i AR p 4
WS, M BUKHIES (1/g) 3 Si0,, . Si0,, . Si0,, 7 HI4%
T K FOK LR IR K Si0, JR B (me/L) ;
X B KIRA H

Ho VKR B BCET A0 S v SR T YR E 5°C
&K Si0, FEEUS RIK Si0, S RSESE, Buk
IR AR S % T 50 ~ 300°C , AR A% (B 35 5 7 DL A&
o TESRKIREE RN Si0, AR AR Y EF A ST
P45 R BE K5 R Si0, Y 5 o vk B A AR A R
(1) .(2) SRR FIRE T X, 1 X, {5, 2 R
BET X SPOKREMLE (K 6),X, 1 X, il

Na'/1000

oQl

& Q4

* Q9
S &P

Complete equilibrium

701 7 B A K

Partial equilibrium
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The characteristics and reservoir temperatures of hot springs
in Jueyong, Chamdo,Xizang ( Tibet)

GUO Ning"** |LIU Zhao"*® ,NAN Dawa" ,SUN Huixiao'*>*’ , LI Haoting'>* | ZHAO Haihua®
1) School of Water Resources & Environment ,Hebei GEO University , Shijiazhuang ,050031 ;
2) Hebei Province Key Laboratory of Sustained Utilization&Development of Water Resources ,Shijiazhuang ,050031
3) Hebei Province Collaborative Innovation Center for Sustainable Utilization of Water Resources and
Optimization of Industrial Structure ,Shijiazhuang ,050031;
4) Geothermal Geological Team of Tibet , Tibet Bureau of Exploration & Development of Geology and Mineral Resources,Lhasa 850032

Objectives: As early as 1976, the geothermal resources in Qamdo were investigated by the Chinese Academy,
but the research degree was relatively low. Right now,except for some hot springs used as bath water, most of them
are discharged into rivers unemployed , which is a waste. The paper will allow us to better understand the
geochemical properties and the temperature of geothermal reservoir in the study area.

Methods: The hydrogeochemical characteristics of the hot springs water in the study area are analyzed by
hydrochemical analyse, which provids a better understand for the hot springs. The height of hot spring recharge is
determined by the stable isotope analysis of hydrogen and oxygen. Geothermometers and mixing model are used to
calculate the temperature of reservoir.

Results: Different from surface water and cold spring water, the hot spring water in the study area is of
HCO,—Na type and rich in various trace elements such as Li, F,H,Si0,,HBO, and so on. The recharge area is
about 4725 m to 4802 m. The comprehensive analysis results and Na*—K*—Mg** ternary diagram indicate that the
geothermal waters of the research area have not reach full equilibrium and mixed with cold waters. The
comprehensive analysis of Na*—K", K'— Mg”, Na*—K"—Mg"", quarts geothermometers, silica—enthalpy
diagram and chloride—enthalpy diagram suggest the reservoir temperature is about 137°C. The depth of the thermal
cycle is about 3801 m.

Keywords: Jueyong; thermal; hydrogeochemical characteristic; hybrid model; reservoir temperature
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