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Geochemical characteristics and formation mechanisms of the geothermal
waters from the Mapamyumco, Tibet
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Abstract: Tibet is located at the Indian-Eurasia collision orogenic belt, where the tectonic activity is intense, resulting in abundant
geothermal resources. In this study, the hot spring samples from the Mapamyumco geothermal field situated at the Ngari Prefecture
of Tibet with strong geothermal activity were collected for hydrochemical analysis. Based on the hydrochemical characteristics of the
geothermal water, the equilibrium state and temperature of the reservoir was evaluated; the hydrogeochemical processes of deep
geothermal fluid was analyzed; and the heat source type of the geothermal system was identified. These results are contributed to

clarify its genesis mechanism. This study shows that: the geothermal water in the area are mainly alkaline Cl-Na type or HCO,-Cl-Na
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type and acidic SO,-Na type water; the geothermal water has reached a complete equilibrium state with the thermal reservoir rocks at

depth, and the thermal reservoir temperature is about 200°C based on geochemical geothermometer calculation; surface geothermal

manifestations, hydrochemical characteristics of geothermal water, and the reservoir temperatures reveal that Mapamyumco

geothermal field is a magmatic geothermal system, and different types of geothermal water are formed by different hydrogeochemical

processes during the upward transport of deep parent geothermal fluid along the fault.

Key words: geothermal water; hydrogeochemistry; magmatic heat source; formation mechanism; Mapamyumco
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A, Dha R Bk ek H bR 9 BE VR 45 ke
RIEL 28 B 2 BRI, MR IR AE S —Fp Ik . 7
T AT AR BRIV, HABMEIF &2 A T R B FoR 4
o MBS C g an T RE, REN
fili b DX b PR VRA BE EE orAn)IZ, JrE EH
PR TR o 0 TR b B R R Y 80% (5 SE A
4, 2002; 45 A, 2020; F 5t ¥ A, 2020; @O0 5,
2023) . REERIEERE . TR A MEE & A
KAPFRIH IR G250 T ik, A g 70 4RAR
L, 2 E AT R P R T R Y TAE, X
B — UK R e DR 25 B 2 A PR R IR R R IR
R TR RS SRR K B K A5 2 FOE 2UHE N K
PO Bl IX 600 43 Ak (B2 7R BT, 1999; 4441 4%,
2000; AAH4E, 1981) . TR WA V2= HE XY
i E NI E G (TR SEAE TR 5 AR ) S5 M gk 17
it — ZR B AN B Bk A B 5 R fh 2 g g,
YA 5 SO S R A B8 B IA R (Guo et al.,
2008; Yuan et al., 2014; H %635 %5, 2012; i#X 7 4%,
2001) o 177 He At b DX Gty ME L RIS FN A 5E A5 ML,
H2EHEWAT T AR U Wang and Zheng
(2019) 38 1 43 B iy HE iy FAOK M ERfb 22 R AE, A3
e IAH TR AT IA 266.6°C, J-fi Bh Sk B RTRE S &
) 7 A 7 10 B A A 5 (CT e B 697
mg/L; K5 {E A 1250 J/g); A% 3C5(2021) % 11w i
FETB b B FH K AR R AE R T AT, P25 R B b ok
Py Jo ok 55 R T B 5 R R A (2023) 5 A TR
BHRERGORL, FIMT A B b HOK R AF £ 23 i 5 ok is
oAt HEAT 23 75 M B0 FH 3 30 R G A S A 5 AR 4R
£5(2022) 76 - 10 7L S5 B0 I JR R b R 00 R A
BRI 5 TR, W 2R T A R etk A5 % L,
TEAT b ARG R TR o 1 1 DX 35 P b AR 50 g P A
Ko BRILZAL, VUK ZEHOKIE S 3h & & R HL
R G R RAR, 7598 R N A eV 2 9T
BRI BRI R S, AR 5 R R L

il i AT e RGPS, h I BRI P
Z M R TEUR 2 AR R 1S 2B A BTG 5 A 3K
FERFIH

F S g M A S, T P4 g T Ll X, e K AR
15 3hiR 5N, Wang et al. (2016) 58 %) 35 52 7 1 b #4
AT AH S HB BR Tk 24 A, TPA T 3 S5 S A 2 TR
JE RN PR IE, IR oK T CO, i
AN 5t BB, (EIZ b B R 45 1) )l RS 5 TR AR A D
P54 Rt — R o AR YRI5 38 o 5 b R AR b 34
TKAE i, % 35 55 G4 M ORI AT T 3 R GE R K SC
Hb R AL 2= 234, VPRI 55 G0 R R R GE TR AR
D EMAEIREE, AT B OO SCHEERfb 2 o A . S
T, BRI S g M B R e RIS, DU S v
L S IR BIL ) v A IR A %) 3R R e B E 9T T AR
PR S 0, S b AT IR RN 2R | AR, A LT
RS AR I

1 #RXER

25 Al P TH (81°347457E, 30°35'23"N,
P24 4 620 m) (v T PH Jek ST B ath DX 22 BLBE P, <%
W7 SRS AR 2 6 2 HLAL, X Y Ok R 29
TR TE 43 A LR TV W SR B b YDA A AR 18] 7Y
B A B LR N %R 2 SEPNL T L L 2o
Hu AR o ohy B AT TR L il i L R R 2 SR D
DA (B SR X, A FET Ak A 7K R K T sl
Yy, IR AE | kAR DA AR R KR 7 ol R,
PR HE 7T B AR R K2 80 m, #RA4Y 7L N TR K G
& ORI, HOK I b5 55 SR 1E, J8 B4 AR 2 mt
AL B IR L BUR A (AHAE, 2000) . o, it 60
EL K HAE BT R s F1, K PR K RS e s A, R
WAL T DX ISR | B SR S ik T Ak, IR R
IR o ARVFIERAE LS A F il
TR (K 1),

Fil 5 g Rl Wl P T 7R R MR it - 57 T R A
VLA A (ITS) KL 1 — >/ N 5 2 b Dy, 20
N EW [] Fll NW-SW [i] B bk W5 & & R4, 1k 1l
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Fig. 1 Brief tectonic map of the Qinghai-Tibet Plateau (a) (modified from Li, 2002 and Zhang et al., 2018); Geological map

of Mapamyumco geothermal field (b) (modified from Wang et al., 2016) and Sampling point location diagram; d: Geological

profile (d) (modified from Wang et al. (2016))

MARGETK, FRGEZEE, PR X N
FHUHILJZ B0.5C BT 31 2RI R 565 DU R A DT AR )
TR RIRSA . FEERSMA . D ARGHIA
LT A G RAR AL . ok Sh A R BA o b
FORERE SR A DA | e FRE A Al
WG BEVD RS A 2607 T 4k i B AR AR
FEA MR THCE . AR S A ICE Rk O
Jb 48 A AT BE X JE BT, 2005) o BRUTEIHLZSN, X
WAL B A KA AR, B
HHAA: FEEMBERETS . SR ACA
HEr i — K AE R A (Wang et al., 2016) . Hip
T AR AR B A AR T BE R oY X AL, K A
FEH WA = L AR AT TR A T H A OK

Na, K & & 3, Ca. Mg 7 & 5K A9 7K AL 2% FR AF
(Giggenbach, 1988; P57 B AF, 2011); 5 U & #A HK
TUR U H 2 0 D AR ORI B TR S A
Yy b PR AE R AR T R A4

2 HmXESMK

AR FE IR KRR 12 14, RN E WA 1,
i 0.22 pm JE R 8, 64 77F7E 500 mL
R, B LA MAE BORE AT R BUK REE PE =
Wo TERARAE SR 2 0, KRR AT fig
FeIRAE, B Ik #E A R, P BHE BT KRR
A ai SR 2 pH /NT 1, FHTRAE 740 bt
(K FERN R R AL B . TG SRR S5 I FE fh e 4°C
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SAF R, A — N SR . X KRR IR
(7)., BV fEEFE A (TDS) . pH., AR T L (ER)
M 3R (EC) K S B Bl i [ 2
2800 5 {% (Hach LDOTM HQ10) W 5 , Wi Ak 4 .
P8 B e A 45 28 e 231 (Hach sension2) #i3%
W5E, I 0.025 mol/L Fith MR LA e g . F .
Cl'. SO, K H & T i L (DX-120 A1) #1793
Na', K', Ca il Mg” (i F f JEH & 25 5 1R & it
6% (RIS Intrepid [T XPS %) 5 ; i & o0 i
JFH H B A 45 B TR RS AL (POEMSS TIT 4 )3l 72,
DU T AR 7 v s 5 R 2 (R 0) PR 27 Bt 40 B
058 i . HCO, Hl COL 7 1t 38 o 7 B % 1)
PHREEQC 15815 i, i F ¥ ¥8 %2 % WATEQ4F.
THRAR H R A0 it FL ey P R 25 AE 5% A2 AT, T
R BB TS . B TE b SR - S 500y
IR 17, BRF 2 27,

3 WSS

3.1 IKILEEHHE

ARV 5T T R B H HOK B 7K EAE 76°C ~90°C
Z ], AR 84°C, KZHUR MR JE ElEad X itb
W (86°C), JB T bR . 7E X N & BUA R SR Ay
# (QSYBI12, pH=2.4), Bt Z S HABHOKFE LA
B Pk, pH {H7E 8.32~9.56 Z [f] . fidi ki /K TDS
{8 75 FEl & 840.7 mg/L~ 998.4 mg/L, V- ¥4 Hy 878.7
mg/L; R PE7K QSYBI2 i TDS {H 5 &1, 1 1477.0
mg/L. B P Hb $ K 7K £ 22 2 8 2 Sk Cl-Na #Y 5§
HCO,-Cl-Na %Y (¥ 2), BH & F ¥ Na"/f 3 Hi {7,
HRN K, REZHOKFEF Ca® Mg & =A% (F
¥y & 4y B8 1.52 mg/L #1 0.98 mg/L), XA
QSYBO02 F1 QSYBO8 i~ /KH:1Y Ca 1 Mg & 1 tH
Xt BB P Ol & e, Hokoh HCo, 5
SO,” . MaMIKEE QSYBI12 1 SO, & iiik 1 104.06
mg/L, FHEFH L Na il K= 3, Ca¥'fl Mg™ & i
AT A, HKfb 24258k SO,-Na B (K] 2) . Hl
PO rp 32 B B 13X — HRAE Ul B b AR R G A i
T BN R TAE 4 A BRI I DX P A
KR ITE A Si0,. F. B, As, Li &g, |
& OF ¥ 4 9 24059 mg/L. 11.87 mg/L.
146.55 mg/L. 0.39 mg/L 11 2.28 mg/L., {HERMH: K4
SRR, KR A RO T R S i R B S

R FORHEE 2 25 B B0 X SRS I 3R

2 BEREEHRK Piper Z £ [E

Fig.2 Piper diagram of Mapamyumco geothermal water

K 5E AN ] R EAE .
BEAR, 8 B0 k46 A v R 3, B TR R
Eh {EY0 TUE, A BRIERE S QSYBI2 IE(H, %
LA F AL AR, ELR AL &5 R EE P A4
AR VEEALAH £ (0.05 mg/L) . HEM 2 i T4 L&
P, HoS RV AR AE TR 2 R R K gl A A e 4
A BRI AL, X WAR R R T A R R
Hop e o i SO, SR U, SRR TE I ] Fe. ALES
FIEAL S UITENT ), Pk QSYBI2 7 8 i % 1
B Fe. Al, H<#E Giggenbach et al. (1990)F1 Guo et
al. Q014 b7, TE iR AR A AT A
CORVUMPAIRYEK” |, QSYBI12 SAE M E Ttk
FOKEE, | T IR PR 12 M ¥ K 2 250K
TNIE K, Ca®", Mg™ & A i, [H 46 A 1IE 20 i 4%
HHEALIK —HAHBEAEHSEREST FL As, Bl
Li 8 i it o0 2 & i AT M KA & I IX
PAF AR R Eh A A0k, R AR IR S IR A5 T, B8
g 8 3 K AR R A B HOK ) St & i b A
B, P AERRPE K Sk Sr S22 ORI
Bl PE/KRE QSYBO02 4 B 2 S W i, SR AL it
FAUEAL T ERPERE &Y, T BE 2Bl o oK ) s %
SRR 5 E S Al Fe, Ca, Mg MR TE/K XA RE
(25 5L 1 QSYBOS 4% = i) Ca™' . Mg™ #  1 BE &
A B e ORI A T 3K HL B 28 7K
G Bk oA, H SRS b Y R AR
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[FIZK A2 B SR, 430 g Cl-Na, HCO,-Cl-
Na FIfg 1k SO,-Na #, SRk H4n Si0,, F. B 454w
oy R, (AR R ZRAI PR Sl e R A
A) A RRAE, T X P B AR P SR, FL As, B Li
F R ARR, HAFE S B AR A AR U i 2L
PRI (GBI, 2020) o IS AFST X b EROK T R B
TRACEAREAE, FRATTRI 20 2 W 2 55 g s A R 0 2 —
A~ BT (1 e U2 AR T IR 5
3.2 REFERSERAKEBEGE

Na-K-Mg = 1 &I AT DL R PEAl B R 5
R, mHFHPOK S A5 KA, otk fis
Ve A 55 50 hE IR £R 0 W) 1 7 5 R 42 (Giggenbach,
1988) . 5% X FEERA A MR T Bt — KA A,
hAadE, KA. KA. fINAFR AT SERER
R WL R, PR AT ORI 5% X R S A 7 Na-K-
Mg = MR 00T (B 3) . W LR 1,
BrmatE/K QSYBI2, St /KIE 4 1 QSYBO2, 5
RIZEKIRA 3K QSYBOS X = AMFE dh &b
F AR AKX, FoAth KRR35 53 A 42350 0 P-4 X, IF
H A BA M ) Na-K IR, FE51/2 QSYBOI HE
BT 0 A AR, 33X 38 B X S il AOKOR IR T 48—
PGS AAE o AR 5 430, BRME K R N ¥R K52

Na/1000

@ 35 55 7 i el Ak b AR OK
O 755 7 fif TR 1k Hh oK
O b Fh K

O £ )\JFHhFhIK

e A K X

Na-K 4 ifil 2%
————— K-Mg 55 i 28

3 IEEHEE MK Na-K-Mg = A B (ZFE/\FFIrM

Hh # 7k B 48 43 B SR IETF Guo et al. (2019) FISK B ARE
(2022) , ~[ED

Fig.3 Na-K-Mg triangular diagram for Mapamyumco

geothermal water (The geothermal water data of

Yangbajing and Xinzhou were obtained from Guo et al.

(2019) and Zhang et al. ( 2022), same as the following)

1R R ZE VI BIE B, A 8 B 2o TR 1) 58 4 PR
A, K —AMHEAEHRERMSK, AR b &R
Mg W FBUKFE S5 7EAR UK XS iR Mg /) —
i, %7 L, Na-K-Mg =1 FI R /R BRER P SR 4, Hofth
Hi K AR T Na, K, Mg BOAH G5 9 E 18 234
A, BT LU Na-K bR . K-Mg #4555 BH & 7 IR Ar
X DX PR B 1 B A T A 5

1g(Si0,)-1g(K*/Mg) [& 3 T # #4 K %5 it 1
Si0,(Si0, AR )5 K. Mg B 7 (K-Mg & Fr ) i &
M 7 37, (Giggenbach et al., 1994; Guo et al., 2017) .
] 4 KR R SEAR VR A A T 2 BT, R B KA
XFFH WA A RGO S Y S A Y
b TR SEARAR S QSYBOL v T45 S8 HI A £k
b, BEATR BB S A e W ) o8 4 T A
QSYB04. QSYB05. QSYB06. QSYB09 U /> # /i
WU ASE - ¢ RV H 7 iy 28 B 30T 5 I R 1k BROK R
QSYBI12 {52 ZER NN, WA 28 7 3 TR 56 42 - My
AR, P53 A 7 B A v, AR 58 0 JC 8 T8 ik P-4
2k, QSYB02. QSYBO8 #F /iy 1R A5 Fb 491 45 oK [] A+ iz
BA TP L . ARPE KA S AE B R I Ko
A EaFA, AT AAHEIN b A K 2 F TR ER b HROK 5 v 2
TR TE R, MKEE 7R Bl b 2 A K440,
bR T 5% KIRA1EH 2500 Mg W BEAR B ARG,
32 AR B S B R B . b HROK AR
TR I ) PR AR It e B B 2 R b R 1y ik 7R
Bl IR T R R AR AR, Mg S A AR AE LT
Na. K. Si i & ZEHH Y 2, AT LU R 35 2] -
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R A, P K-Mg ks X T 15 R iR 5 5 Ry 2 f
PRI K-Mg i b A 33 235 S A 3 Hl B 7 A X A v
57 B A AL (PR BB A IR B 7 170°C A2 47), AH
L6 T Na-K AR FA S i\ AR T 7, K-Mg i s Al &
{E /N (BFF 37) o

3.3 kK ICitER L F ISR

R 22 S AT DAPEAS K REAE A IR B T AR T
K ) 0 AR, SR04 ) AR M R Th 2R
TIE 1 5 B2 4 28 501 B A S K S ER fb 27 33 72 (Guo
et al., 2019; Li et al., 2022; 5Kk £ M5 45, 2022) . i
PHREEQC I H &4k K', Ca®. Na', Mg” Al
Si0, 1 &, JFAR i A M PR K . s R R
SR LR RERR IR 5 M A KRS, Gkle A
A A SR AT Y, 4 K,0-ALO,-Si0,-H,0,
Na,0-Al,0,-Si0,-H,0 . MgO-ALO,-Si0,-H,0 F1CaO-
ALO-SiO-H,O R R E S (K 5) ., #5324
HhAIRBR G LS, DFoT X BGETRETE 200°C 247,
PR I L R A 58 2 28 R S B v 200°C S 5. T LA
Bl 7E 200C T, BRIRMEK QSYBI2 i T
WA DX, B s BROK 40 o0 A AE A A AL SRUEA
KA. K AREY . XRPHOKT Na, K&
R AP T R T B HOK 516 5 A
K 2w Wy 7K A0 ELAE 5 i AR Ca Mg
o, UHERR R Mg & &, B2 WA . A
P, R b A R G bt B TR T R R A
SRPAMTITE . X 58I (2020) 45 4518 — 3K,
BB A E R, A AR AR B 1 (Il Un s e 41 45 ) %
FERUE IR ST, LUK S AL A R A I A 2%
PR 3 3R R G2 BT B HL B K T Ca, Mg &
RA, JEFHE Mg & AR AR, — /N F 0.1 mg/L.

i PR i G EAT 5 B A AR 2, — B
AT IR EDE A B M AGR AR R DX D i 3
DUVE s b 25 7 CE Bl B W [ e, 1 IR
H W AR ) 45 AE 40 4> (Arnorsson and Andrésdottir,
1995; Liu et al., 2019); AH# T Hu oK T 7, )2 b
TR K H B Mg S B, Mg AR
FRZVE KT (AR UK 58 L AOK RN S22 KoK 1k
2R ] ERIE X — W), R CLL B Fl Mg™
HH G 22 18 Bl FH ofe 43 B TR0 s AV I Ak 5 182 2%
IKBTR A1 #E(Guo et al., 2017) . MWE 6 R[] LLE
W BT KFE R B R R, RIATFGEIX

R FORHEE 2 25 B B0 X SRS I 3R

iy e PR K B A R A sk Ak 2 B I, B E B
1 CL R IR AR 5 5 Mg 1Y )Z T ¥ /KR
BB AL, Hod QSYBOT B b 5L L H IR TR Hb P A
Ui JCZH LA A, IR MEKAE QSYB12 A TRIZR K
Uity TCZH B AR o, LA BT KR S s A v LB
JZR KR A

g LR, HHOKFEIE W S s B it fE
— 7T, FERE RS SRR, UK S kR )
Z IR AH EAE R EL, CHE K AR Y S A
AT YIRS A S, X R
B T HB UK BYE Na, C1AT Si, 7% Ca Al Mg (945
ks 55— J7 I, HOEROK 1 IR G0 — A ) P B2 75
R HRZEKES, —ERE LB R
PR R TR R R AAE K SCHBER AL A E - i 22 5
34 IKALFASHEXT R R G RIRAIE T

WEM R, &0 “Sesnm” 5 g
W IUTHE” WA B B A H A A e B A T 5
JE LA A R B P ERR S W B “ BEHB IR AR
283 AR H I RE T 2 b I A [R] K Al 242
AR HUR O R e SR . M S AR
55 1 ER AR AL S ), i e AT AT b AR R G S
B4 I PR (BRI T, 2020) . T “ Bl b B AR
YEh =R R PIR (0 G — R IR, HAFAE 5 5] LIAE
h o KGR A FE Y BB IE I . AR AR IXORRA
QSYBOI1 i T Na-K-Mg = i [&] r1 %) 5¢ 4> -1 2% Ff
i, Na-K R 5 K-Mg R A —5, HAERHC
JUTFR 85 BlA 0 P 78 27, v OE RS
SR T TR M Tt A 5 4 P MR AL S T B B b AR
A o 0 A AR B 43S A X A% Al B P b BROK RES
QSYBO1 E- A i1 Bl Na-K I & (£ 200°C), % W
b AT RS ] — £t J2 %) 3tb BRK (B R b R 1A ) 48
TS R A K SCHBERfb 2 3 B (AN s G4, 12 %
L BIKIRESE) Ak . HE b FRATT AT AR W F
FEIX T J7 ] BEAETEA SR

TN, FRATHG F 55 A M A R 0 5 I P )
BB A AR/ T R S8 CA 2 AR R b
PR GE) AT N 2 b K IR 7532 S5 780 b 4R 2R
B )%F 43 BT (Guo et al., 2019; 3K 485 45, 2022)
R Na-K-Mg — ff [ 35 55 g 48 b HoK s ) 55
J\FFHB BRI AL K AL FEAE A, S T &R (A0 F L
Si0,. B, L) W45 /R H 55 95 N 7 A3 4 S IR 1 £
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Conceptual model of formation mechanism of Mapamyumco geothermal system (Some views on stratigraphic



320 DURRS S e (2)

(2)Na-K-Mg = £ [ H Hl1 #7K B A 4 A 76 358
O3 VAT IX, 3 BH M AR AR TR L 2808 313 58 42 °F- i
ARAS, VT RAAH R BH B T A5 25 17 20 T B A B4
1g(Si0,)-1g(K*/Mg) Fl v, ¥ i o5 522 BUK -2 A, 45
A K-Mg lbrfhi g &, R —RE R 170C
LA SR . il Sio, ilAr 5 B FilEAR
A5, A B R A IR BE7E 200°C 2747

(3) 5% X N AR 7K HLA AR ] ) bk A 2 g 1,
A A BRI AT SR W DL FNR RV KR
AR T, ST R E Mg A TR
HIAFRAIRE B, & Cl, #% Mg B9k fb2E 2

(4) b2 Hb R I 7 | A 35 b B 7 5 DL SR Ak
REAE T4 7 35 55 G B FH by 2 S AR 7 b A R
g ; WA iR TS R R R B B
Si0, e A% H 4 ) 4 264.08 mg/L 1 856.14 J/g,
B b P AU B ST ok AR HE s AN RV A
FRIE WL AN R AU (R R

Bt MEBLTRERSLFREE S
TS ECE A I, RS E T B A R
References
Amorsson S and Andrésdottir A,  1995. Processes controlling the

distribution of boron and chlorine in natural waters in Iceland[J].
Geochimica et Cosmochimica Acta, 59 (20) :4125—4146.

Fournier R O, 1977. Chemical geothermometers and mixing models for
geothermal systems [J]. Geothermics, 5 (1-4) :41-50.

Gao H L, Hu Z H, Wan H P, et al., 2023. Characteristics of
geothermal geology of the Gulu geothermal field in Tibet[J]. Earth
Science, 48 (3) : 1014 — 1029 (in Chinese with English abstract).

Giggenbach W F, Garcia P N, Londoiio C A, et al., 1990. The

chemistry of fumarolic vapor and thermal-spring discharges from the

Nevado del Ruiz  volcanic-magmatic-hydrothermal  system,
ColombialJ]. Journal of Volcanology and Geothermal Research,
42 (1-2) :13-39.

Giggenbach W F, Sheppard D S, Robinson B W, et al., 1994,
Geochemical structure and position of the Waiotapu geothermal field,
New Zealand[J]. Geothermics, 23 (5) :599 — 644 .

Giggenbach W F, 1988. Geothermal solute equilibria. Derivation of Na-K-
Mg-Ca geoindicators[J]. Geochimica et Cosmochimica Acta,
52 (12) :2749-2765.

GuoQH, LiuML, LiJX, etal, 2017.Fluid geochemical constraints
on the heat source and reservoir temperature of the Banglazhang

Province,

Chinal[J]. Journal of Geochemical Exploration, 172: 109 — 119 .
GuoQH, LiuML, LiJX, etal., 2014. Acid hot springs discharged

hydrothermal  system, Yunnan-Tibet ~ Geothermal

from the Rehai hydrothermal system of the Tengchong volcanic area
(China) : formed via magmatic fluid absorption or geothermal

steam heating?[J]. Bulletin of Volcanology, 76 (10) : 1 —
12 (Article 868) .

Guo Q H, Liu ML, LuoL, etal, 2019. Geochemical controls on
magnesium and its speciation in various types of geothermal waters
from typical felsic-rock-hosted hydrothermal systems in China[J].
Geothermics, 81: 185 —197 .

Guo QH, WangY X and Liu W, 2008.B, As, and F contamination of
river water due to wastewater discharge of the Yangbajing geothermal
power plant, Tibet, Chinal[J]. Environmental Geology, 56 (1) :
197 - 205.

Guo Q H, 2020. Magma-heated geothermal systems and
hydrogeochemical evidence of their occurrence[J]. Acta Geologica
Sinica, 94 (12) :3544 —3554 (in Chinese with English abstract).

Hebei Institute of Geological Survey, 2005.1: 250 000 Yagra, Burang,
Horba and Babazhadong Sheets in Xizang[J]. Sedimentary Geology
and Tethyan Geology, Z1: 80 — 86 (in Chinese with English
abstract).

Hu X C, SUO J, Duo J, 2002. Characteristics and development
prospects of high temperature geothermal resources in Tibet[J].
Geology of Tibet, 2: 80 — 85 (in Chinese with English abstract).

LiJ X, WuZH, Tian G H, etal., 2022. Processes controlling the
hydrochemical composition of geothermal fluids in the sandstone and
dolostone reservoirs beneath the sedimentary basin in north China[J].
Applied Geochemistry, 138: 105211 .

Li W, Kong X J, Yuan L J, et al., 2020. General situation and
suggestions of development and utilization of geothermal resources in
China[J]. China Mining Magazine, 29 (S1) : 22 — 26 (in Chinese
with English abstract).

Li Z Q, 2002. Present hydrothermal activities during collisional orogenics
of the Tibetan Plateau[D]. Beijing: Chinese Academy of Geological
Sciences.

Liao Z J, Zhao P, 1999. Yunnan—Tibet Geothermal Belt—Geothermal
resources and case histories[M]. Science Press, Beijing.

LiuML, GuoQH, Geng W, etal., 2019. Boron geochemistry of the
geothermal waters from two typical hydrothermal systems in Southern
Tibet (China) : Daggyai and Quzhuomul[J]. Geothermics, 82: 190 —
202.

LvY Y, Zhao P, XuR H, etal, 2012. Geochemical study on boron
isotopes in the Yangbajing geothermal field, Tibet[J]. Chinese
Journal of Geology, 47 (1) : 251 — 264 (in Chinese with English
abstract).

Pang ZH, WangJY, FanZ C, 1990. Using the SiO, mixing model to
calculate Zhang-zhou geothermal heat storage temperature[J]. Chinese
Science Bulletin, 1: 57 — 59 (in Chinese with English abstract).

Shen L C, WuK'Y, Xiao Q, etal., 2011. Carbon dioxide degassing
flux from two geothermal fields in Tibet, China[J]. Chinese Science
Bulletin, 56 (26) :2198 —2208 (in Chinese with English abstract).

Tong W, Liao ZJ, LiuS B, etal. , 2000. Tibetan Hot Springs[M].

Science Press, Beijing.


https://doi.org/10.1016/0016-7037(95)00278-8
https://doi.org/10.1016/0375-6505(77)90007-4
https://doi.org/10.1016/0377-0273(90)90067-P
https://doi.org/10.1016/0016-7037(88)90143-3
https://doi.org/10.1016/j.gexplo.2016.10.012
https://doi.org/10.1016/j.geothermics.2019.05.006
https://doi.org/10.1007/s00254-007-1155-2
https://doi.org/10.3969/j.issn.1009-3850.2005.03.013
https://doi.org/10.3969/j.issn.1009-3850.2005.03.013
https://doi.org/10.1016/j.apgeochem.2022.105211
https://doi.org/10.1016/j.geothermics.2019.06.009
https://doi.org/10.1360/csb2011-56-26-2198
https://doi.org/10.1360/csb2011-56-26-2198

2023 4(2)

VUL S5 G M FAOK MR Ak 27

S SRR B 53 A 321

Tong W, Zhang M T, Zhang Z F, et al. , 1981. Geothermal Heat in
Tibet[M]. Science Press, Beijing.

Wang C G and Zheng M P, 2019. Hydrochemical characteristics and
evolution of hot fluids in the Gudui geothermal field in Comei County,
Himalayas[J]. Geothermics, 81: 243 — 258 .

Wang GL, LiuY G, ZhuX, etal, 2020. The status and development
trend of geothermal resources in China[J]. Earth Science Frontiers,
27 (1) :1-9 (in Chinese with English abstract).

Wang P, Chen X H, Shen L C, etal., 2016. Geochemical features of
the geothermal fluids from the Mapamyum non-volcanic geothermal
system (Western Tibet, China) [J]. Journal of Volcanology and
Geothermal Research, 320: 29 — 39 .

Yu HW, LiuZ, Rong F, et al, 2021. Characteristics and source

mechanism of geothermal field in Cuona, Tibet[J]. Bulletin of

Geological Science and Technology, 40 (3) : 34 — 44 (in Chinese
with English abstract).

Yuan J F, Guo Q H and Wang Y X, 2014. Geochemical behaviors of
boron and its isotopes in aqueous environment of the Yangbajing and
Yangyi geothermal fields, Tibet, China[J]. Journal of Geochemical
Exploration, 140: 11 —22.

Zhang CF, Shi Q L, Zhang L J, 2018. Discussion on the relationship
between Cenozoic magmatic activity and geotherm in Tibetan
Plateau[J]. Geological Survey of China, 5 (2) : 18 — 24 (in Chinese
with English abstract).

Zhang M Z, Guo Q H, Liu M L, et al, 2023. Geochemical
characteristics and formation mechanism of geothermal waters in the
Xinzhou Basin, Shanxi Province[J]. Earth Science, 48 (3) : 973 —
987 (in Chinese with English abstract).

Zhang Y P, Li Q H, Yu S W, 2022. Hydrochemical characteristics
constrain on evolution of geothermal water in Guantang area in the east
coast of Hainan Island [OJ]. Earth Science: 1 —22.

Zhang Y H, 2018. Research on genesis and development of the geothermal
system in the Kangding—Moxi segment of the Xianshuihe fault[D].
Chengdu: Chengdu University of Technology.

Zhao B, Lv Y, Wen R, et al., 2023. Utilization situation and

development prospect of geothermal energy in Tibet[J]. Thermal

Power Generation, 52 (1) : 1 — 6 (in Chinese with English
abstract).

Zhao P, Mack K, DuoJ, etal., 2001. Noble gases constraints on the
origin and evolution of geothermal fluids from the Yangbajain
geothermal field, Tibet. Acta Petrologica Sinica, 17 (3) : 497 —
503.

Zhao P, Jin J, Zhang H Z, et al., 1998. Chemical composition of
thermal water in the Yangbajing geothermal field, Tibet[J]. Scientia

61 —72.

ZoulJ, WuB, MaZX, etal., 2022. Geothermal Origin and Resource

Geologica Sinica, 33 (1) :

Potential of Kaga in Xietongmen County, Tibet[OJ]. Hydrogeology
& Engineering Geology: 1 —10.

Mt eh 3085 30k

mtE, WA, DOF, 2%, 2023, P B H A b A R R
FELJ]. HuER B2, 48 (3) 11014 —1029.

FRIE I, 2020. 5 2 AR AL L B R Gt 2 K STl ER AL A 0 (3], M
i 2F AR, 94 (12) :3544 — 3554,

A MR B R X T, 20051 125 FFERIE . B2 BiE. E R
B, EEILRE CEARSD 5 A s 5 e ], iR
SRR T T, Z1: 80 — 86.

SR, i, £, 2002. VG5 e il b T UR AR AR KO R 5 A
Hr [J]. V6 J b 5T, 2: 80 — 85.

2, FLRRE, FAIE, 2%, 2020. o [E M B P AL L K T R R
A, P EA I, 29 (S1) 122 -26.

ZERIE, 2002, TR AL 1 i AR R B #ok v 3 [D]. db At
o [ b 5 R 2 B

BUEA, BT, 1999 VML HAHT M AR UR R S B b R R 45 (M.
Jbal: Bl RRAL.

B3, WO, VFeRAE, S, 2012, PHEKE J\FHE A B R AL &
ERAE SRR AR 5 1 78 (90, MR R, 47 (1) @251 — 264,

PESBAN, EEW, BEERL,  1990. KM Si0, Vi A 8B T 5 M Hh
HH #fif IR [T, B IER, 1: 57 - 59.

TROL R, MEhET, BB, &, 2011 FEEB AR R X CO, B SR
DA B A 4 4% 28 b 3 X 9 B (0], B 22 @ 4, 56 (26) : 2198 —
2208.

&Af, BB, XK,
FiR AL

e, TEBY, skAndE, 4E, 1981 PEEHL A (M. b
.

ERE, XE)T, KB, 5, 2020, o E R IEIUR R RS
(3], 2R %, 27 (D 11—

RVESC, XIME, e, S, 2021 P4 A IR H K AL AR 5
VR (3], Mo BB ), 40 (3) 134 - 44

TewIEE, SEURAK, FRILE, 2018, T A A B 805 Mk
KEFRW[I]. P E A, 5 (2) :18-24.

SRR, ERTEWE, XIBISE, 25, 2023, 1l P T N A b BOK HER fh
ZERGAE Fe FL IR L (9], HhEREL 22, 48 (3) : 973 —987.

TR, ZAEM, R, 2022, 5 5 R0 R T IE M X HHOK K
b ZEHEAE J FLAE PR AL T F2 iR ) (0], MR B 22: 1—-22.

Sk HE, 2018, 5 7KV W7 2R E — B 7 B b AR R Gt R B O R R T
FL (D], B#B: B B TR,

B, BIH, W, 2, 2023, PG TF R R R BUOR KR R AT
SO TR, 52 (D -

BOF, Mack K, 27, &5, 2001, P4 E J\ 3 H M G0 1k R R 2%
B SA I 0. B A %M, 17 (3) : 497 —503.
B, A, SKRIFEL, AE, 1998, FHRKE J\ F b B HOK 14k 2 A

B R A, 33 (1) 2 6273,

A, EOR, R, 2, 2022. 76 53 ) BRI RS R 5 B

PRI M [00]. K ST A2 : 1 - 10.

&, 2000, PG AR & M. db s B H

IR


https://doi.org/10.1016/j.geothermics.2019.05.010
https://doi.org/10.1016/j.jvolgeores.2016.04.002
https://doi.org/10.1016/j.jvolgeores.2016.04.002
https://doi.org/10.1016/j.gexplo.2014.01.006
https://doi.org/10.1016/j.gexplo.2014.01.006
https://doi.org/10.3969/j.issn.1009-3850.2005.03.013
https://doi.org/10.3969/j.issn.1009-3850.2005.03.013
https://doi.org/10.1360/csb2011-56-26-2198

	0 引言
	1 研究区概况
	2 样品采集与测试
	3 讨论与分析
	3.1 水化学特征
	3.2 热储平衡状态及热储温度估算
	3.3 地热水水文地球化学过程
	3.4 水化学特征对地热系统热源的指示
	3.5 地热系统成因机制分析

	4 结论
	参考文献

