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Geochemical characteristics and source mechanism of geothermal water in
Tethys Himalaya belt

XU Peng, TAN Hongbing, ZHANG Yanfei, ZHANG Wenjie

(School of Earth Science and Engineering , Hohai University , Nanjing 211100, Jiangsu, China)

Abstract: Geothermal resources are very abundant in Tibet. A very active geothermal zone called the Tethys Himalaya geothermal
belt has been developed in the southern part of the Tibetan Plateau. This belt is one of the most intense geothermal zones in modern
as well as in ancient period in China’s mainland, accounting for over 80 percent of the geothermal resources in Tibet. Through field
investigations and sampling analyses for 10 typical hot springs from the geothermal area, the hydrochemical characteristics and

source mechanisms are discussed. According to the thermal reservoir temperature, the hydrochemical type and the concentration of
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typical rare and dispersed elements dissolved in the water, the hot springs can be classified into two types: one type includes Kawu,
Qucangang, Chabaquzhen and Gudui hot springs, their thermal reservoir temperatures are higher than 120°C and they belong to Na—
Cl-HCO; type; some rare and dispersed elements such as Li, B and As are obviously enriched. The other type includes Xinqin,
Zhegu and Quguo hot springs, their geothermal reservoir temperatures are relatively low (60— 110°C); these springs show lower
concentrations of elements of Li, B and As with water chemistry dominated by Ca—Na—HCO; and Na— HCO; type. The high
concentration of water chemical composition in the first group is closely related to the deeper water circulation and the higher
thermal reservoir temperature, and abnormal enrichment of Li, B and As in the hot springs are more likely to be related to the source
of residual magmatic fluids. In contrast, the second group of hot springs mainly denotes a shallower water circulation depth and
frequent cold groundwater replenishment and mixing. The formation and evolution of chemical compositions of water are mainly

related to water/rock interactions.
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Fig.1 The map of Tibet and the location of the study area (a); digital elevation map and sampling points in the study area (b, c)
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Table 1 Chemical characteristics of thermal water in the study area

+
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Fig.2 Geological map of the study area
1—Quaternary ; 2— Upper Miocene; 3— Paleocene— Eocene; 4— Cretaceous; 5S— Jurassic; 6— Triassic; 7— Permian; 8— Carboniferous; 9— Ordovician;

10— Tanggula Group; 11—Rougiecun Group; 12— Conglomerate, mudstone, siltstone and quartzite; 13— Sand slate, phyllite and gneiss; 14— Fault;

15— River; 16— Granite; 17— Intermediate acid volcaniclastic rock and sand shale; 18— Snow mountains; 19— County and county— level city;
20—Prefecture—level city;21—Border;22—Hot springs
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Fig.3 Piper plot (circle size corresponds to the concentration of
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Fig.4 Na—K—Mg" triangle diagram of thermal water in the

study area
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200 F2 HRRMPTAEMIKL FRIFITEER
=]
o SRR Table 2 Geochemical temperature calculations of
- — A% — geothermal fluids in the study area
----- i _"-‘___,..--""'--- TR RIGEREE Tar  Tar Tk Tk
120 *5 86.0 1513 1262 3760 1904
£ 2 4 35.0 1261 982 1983 1376
=
i . o BT e KE 57.0 1672 1442 2249 1390
o WEME -~ ThigE it 46.5 950 646 2033 538
v o 4% s
40 Y L AR #HEMZ 700 1446 1188 2030 1358
! o iZR - AN X
/ sEE T [ odEl TEWIE 870 1930 1739 3287 1584
! s
0 /’ a ‘ ‘ PRI 385 186.5 1664 4598 1524
0 50 100 150 200 250 -
G 865 1729 1507 3509 185.0
C(Si0»)/(mg/L) A

Bk 45.0 815 502 3270 838
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Fig.5 Relationship between dissolved SiO, concentration and
temperature (after Sun Hongli, 2015)

R SR R R, R BT 5E XA SR K R
Ca B Tl =, % Na—K I A TE A A5 58 1 hi s
i, K—Mg i Am X B AR R iR B A 530 1 Ry G, SR
1L B e AR A B4 il SR Ay ViR R SRR 2411
T 120°C, W57 X H AL SR PAAE AR AE 130~200°C, £
bR bE T BE I AR AL S AR 2 20°C,
A1 B ARG B B Lt RN I SR A TR AR
T 110°C, B 5 X HAh IR SR HA#TE 120~200°C , 3X F
K—Mg b A 55 1 3 B DX ) JLF-— 385, PR e A il
FRAFAIFE X AR i T S E A S5 M E.
4.3 Mok BB 2R S I E L T 32
4.3.1 M AKPEIRIR S K B AR 3% 55

T A R T 2 A HAE T LA B b 3ROK ) 1
IR EE , DT 48 7~ 7K 5 A FH 3 55 (Arnorsson et al.,
1995) . % L HOK A MR B Li & i, Li X
5 F ik AZE 0 R Na K JE47 38 3, 350/ N A TR
A RIW] e Az KA ASHAE T, 9T LA Li W] LA R AR 7R
POKF B . R, T B B R VR 7E
IKIEIR %A A BRGSO T BIEH 255 B 46 e 28K
SR SR KB IE KK S B E KRN BLA
Yy, T e R R IR KRR R B B
1b& 11 B4R, 2001 ; Lopez et al., 2012) . 7E F 2%
KA Rgh, HEELA R, TR s, —
AR T AW BN e i, 1 H— A A R
DA MR SRR T K= A BAE A AR
MR MR SR AA RS, R G0 FH (R 32

A ISR GEE 2009 T4 =1309/(5.19—
1g(Si0,))— 273.15; T & 15 =1032/(4.69— 1g(Si0,))—

273.15; Tae «=1319/(Ig(Na/K) + 1.699) — 273.15;
T wi=4410/(13.95—1g(K¥/Mg))-273.15,
PP T IR AT 5, FRELSR B A 250K

i PR R AE S K A 27 i Ak i #2 (Amérsson et al.,
1995), FEK LA X HE UK ) SO F B il T A3
LA (W H.S SO %) 76 LT bR, i T
A A AE G 58 T K B SO I T HuFe 1R 2 1
Tk, I B/LIL SO /CL HUAE & FOK S 16 R IR
B Ui BA B [E] %5 U1 AH 5 19 244 (Delgadoouteirifio et
al., 2009) . GIE 6w, ZEAHE RS Sk A
A | A A S R L ) b B K R B
Li v BEARAR &5 , B/Li FofH 20 A A —  (ERAE K 1Y
AEAEHT, Li Lk B2 5 5 A 17284, B/Li [
R 57, 2R /K 5 2 4 s 21, ik S AR R %
A BRI KA S E T o 25 N\ i e b A v
B/Li H A B &, Ry HosR ZU K A 2 e . #AuK
AR A SO /CL U AE = B R oK ih S ik FE Y C1
FE BRI S SR BT DR S AR
{47 80~100 mW/m? , Hly il A% i 5z /=5 3% 4°C/hm, 177
TS HGRAE 27 60 mW/m?, iZ BT 3000 m HL T
TRAb 5 5 YL 1535 200~300°C (Guo et al., 2007) ,
J\ T Hl 34 H 1850 m PR 4G L it ik 1) 300°C 22 F4
(B SF-55,1998) , H BRAM Ik 2 T8 B R 174 sth 380K
FWR ABIRAIKAE IR IR B , I H AT DR H I A 1
oo B R A 3 AN R B/L HUAE A X8R
i, SO /CI L fE AR X 4 g, UEBH EAT I T — 1Y
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[ ZECEE /I EEST A Guo et al., 2007)
Fig.6 The classification of geothermal water samples into
two types of different circulation depths based on different
ratios of SO, /CI” and B/Li (Yangbajing data after Guo et
al., 2007)

KA SSHAE L ok F AR RS 1 b PR B, b T K
BRI H SR R EASE] 50°C, 3% 5 A SR AR
T A 2 B AR AR — 3

M2 MG SO /CL  B/Li Ho {52 W22 Hs A A
IKER KA T FE 4 WA SR T B T 88 it 2R
FNPT T R R A AE PR A, HAh I SRR HA AR
I ZRIEERIREE
432 K F LB AsZL 5 kR

Li.BJ& F 2R A b UL H Ak 2 Pk oo 8 fR s
MITEE , HAR A KA K  — e KSR MK DL L
H R K Pk SR T ER A e AR ARG, (R AEA
[ei] J DA A s R b, HE LB L L Y e I (B AT
A& AR R BARAL, BT LLEATTFE P AR R g %
POK IR A VE BT 3t 480K (1) 90 S5k 5 45 T
HAFEZ/EH (Reyes et al., 2012) .

PO AOK LU LiSEM A JC R E AR AL THEE
W8 SHRLAE M BT (1) s BRGOR p BR T SR RN
Pl LI EA 2 1 mg/L, RE 25 A2,
T HER SR A AR BRI AR A T A
(35 ) Li W FEHRR T 20 mg/L, 1% Li i J¥ 23.31 mgy/
L, 25K Lifk /i34 34.81 mg/L, Huh et al.(1998)5
fiRIE T 4Bk 13 AR K K 1) - B
1.5% 107, 7K rh B A Jo Vi 5 328 5 TR /K 0.13
mg/L (Huh et al., 1998; 2 {4, 1999) ; ML AL FAE

o T b P T —— 2\ s POk b Li e BE AR F) 10
mg/L, {H 5125 44 1 55 [ B4 28 Bl Ll 7R i oK
He 23238 (Guo et al., 2007; Sorey et al.,1997) . ik
AL UL, R SRR b A bR R LA
SR sc, ik 7o BT, Li fi CLEA AR 47 1 1E AR
KFZR L RER=0.6448, —IA NHIK PRI Li
A F B A K EAER, FEHOK LT R R W
M —SEE Li A Rtk g s K& A L (HAT AR
SR W5 KVF Z MR K BIR S e e T 2D
BT LT 28R 1 55 B R SR AR TR 7 K A0
SRl RERRSE T 4E L L BV LA i Li 4
IR IE HH DAt X AV VR R W b BRI 4 2 L, X T
VA 025 A R B R B TR AR 1 2P, vl LA
KA FH X LS 156 b 30K 7 00 b 1 e sl Ak et
BIAAR R LIS 2 E 2 (E44,1992; KT
285,2010) o JIr LAZSARLPY e Hb HROK S0 B SR Li
Nz HoAth & Lidmoc AR A o (EJ2 SR By T
HOANME Li & 1A%, A0 B A 8 m 1 HCO, /CL
FHXFHARAY C1  Na ¥R BE | S I T 33X 2133 SR 18 #AUK TR
B AE IR, KGR R L . 3 3 MR 1 H
TR SR AR AR TR 2 5
PELIVED 27 AR BRI WOk AL B Oy b v
IR TR AT 0K - FHRAE T 54 G IR 551
BRE Li sk, PO oKt & B, bRl R )
ERFNFT T BN JE 4 mg/L, HoAt b B4 B v K T
120 mg/L, 7 L 2 P04 fe i B IRIE 165.2 mg/l, F
19 B 1k 147.6 mg/L, B—ClE R K (F 7a) A
KFRELR=0.7852 , AH M, X HHb UK L 5
CIHY s b fa ¥ —3, 454 B-Li = & K (& 7¢) & 1
EATHIE R B R=0.9236, #HE AR 4, IERA Li B H.
FABRUR SRR . BRI R, A R EZHH0K
) B 38 A KA VR R LA AR IR i HL 52
WA EAE I b AR OK A 1 B AT BN B/CL L
. FERRRF-FEH AT I H A Yakeyama ‘K 111 [ff iz
HiFRIK B/CI EE A E] 0.01, H7 P 2% Taupo K 111 X ) B/
CIAE]0.05, ifF 58 X Hi UK 9 B/CLELIERR K T 0.1,
X555 AR AR A s Bk e B/CLEAR HL A
i v, AT LA 5 DX BROK R & B AR XS 2T CLERTE
(Yoshiike et al., 2003; Millot et al., 2012) ., HIt MR
ERICE B CLI MK , FEHE T B SR gy o
(15 BHIHKIFA e Ak AkIE A K S . Bislisiss

http://geochina.cgs.gov.cn H1E LT, 2018, 45(6)



%453 F el

VPMSSE « FRR T B SRl s UK AL A A A S5 ) DRI

1151

1801

40
(b)
160 354
140
30
120
o 254
- —
0 =
2 100 g
3 £ 201
80 = :
= R %0. 6448
15
60
404 104 Vo g
__v_ _________ mwffq‘{#{ﬁ'fm
201 s o
‘\ --------- > ©
o &
T T 1 T T T T T T T T T T T T T
200 400 600 800 1000 1200 1400 1600 R 200 400 600 800 1000 1200 1400 1600
Cl/(mg/L) Cl/(mg/L)
180
(e) 30004 (d) “A O VR L A A
160 A o |2 FiommK
< Yellowstone
140 5004
2300 o ¥ New Zealand
S 1204 N _ o
E) S 71 2w 3 2000
£ BT R %0.9236 =~
Z 100 Ko 2
m ot =4
80 4 2 1500 o O
60z} 1000 ©
40
ke BlEn s 500-
204 e
CLDK . i 0 a n -
T T T T T T T | T T T T T 7 T T J
5 10 15 20 25 30 35 40 200 400 600 800 1000 1200 1400 1600 1800
Li/(mg/L) C1/(mg/L)

7 HiBoK B Li As FIl CLAROCIC & 8l (a b d) Be B I Li BAHSCOE R I (o) R/ FEEES | H Guo et al., 2007, Yellowstone
HHE5| H Sorey et al., 1997 ,New Zealand 5455 | I Millot et al., 2012)
Fig.7 Correlation diagrams of B—Cl(a), Li—ClI (b), As—ClI (d) in the geothermal water; correlation diagrams of B—Li (c) in the
geothermal water ( Yangbajing data after Guo et al., 2007; Yellowstone data after Sorey et al., 1997; New Zealand data after Millot
etal, 2012)

(2012 ) 38 1 X6 74 98 = /\ I b 30 v B[] o7 2% A0
9%, K IR/ B T A A v AR R TR, 2 PN
L 53 UG T Ik AR A 1 A L, S LA AR AL B 5 1 BE
HAT 52 Mo 3G R AR R0 B4 B0 ) 457 2 AR AE . B4
25 (1989) Sz [F PR _| — 26 1 $4 £ 35 (Barbier et al.,
2002; Gupta et al., 2007 )t B 4 [ 3R T Hb 0K 4y
TR ) A 2 B A 0 SR T AT S B A D A B A D AR e
FHIHA IR sl b R A2 3 B . Tan et al.(2014) 4
W PG R AR e B 1 e T e AR S 2
N AEAE I JR T LA R B ) R B AN R 4y
Zhang et al.(2015 ) & B 75 5 = ) o 40K Hp B[R4 %
{HAE—16.57%0~+0.52%0 A K 55 5 2 10 B S i A0 IE
BT Hb UK b BIGR £ ZORIE TR A A K R ol
flvA , ORI e A RSV E R, ARz Bl R
1, B B A 1) At s Sk f B R R R RIGIE KBt 2
(] PR R ST A28 [l RO R i 22 O e, 3 o7
AT T — 2R 1) ALY DL JE B8 A T I . X P A
FH T e fk Y BRI % 2 b R R b TE & A s il

PR R I AL IR, S R AE BT RN R
R AlHEA LIS (2235 ,2003) o T R R OK
HhER P 25 Pl R FEHL TR 5~15 km B T )5
TR RLA , XRRER A AT REAEAE T R 2
o R R O e (2R 5, 2005) . RIUL, R
TAEWTA ST X UK B\ Li o0& A 75—k IR,
TR AT RE 5 AW I T2 A 8 A 0 R AR A T AR
A ECA M EAA X,

PO K As UL g T 3E 5 R R 1Y & 4R T
# (Guo et al., 2015) , i s AL AR K, I EE T
i ST B v A AR IR 2 4 i R B AR
Prtr iR As & i W] AR TR XA 5, 43501
0.61 wg/L.9.85 wg/L 12821 we/L; il R X 1 2%
FIRR As & WA 24.34 wg/L, B[RS R R R
G2 B AR BB BRI RN LA B As KT
1400 pg/L; AR (i SR A B il 2R R As &
2100 /L TF/\IHHIK As &% 4B TE 3000 pg/
L %47 (Guo et al., 2007) o TH 4 b 3 IR v As ¥
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FE AR vk B oK As T K E AR
10 /L, 87 P4 22 Ll 5 MK As B R 3800 g/
L, ¥ A 2 b K i As % & 5% =8 7.8 mg/L
(Robinson et al., 1995; Sorey et al., 1997; Arnorsson
etal., 2003). HIE 7d AT UL, WS IX R4 AAOK T As
W EFEEN, 7KL RS H Na—Cl1E 0K
PIA =R Y As, [R]INSX Fh AR OK A D AR B A
MRt & i B R SR EE A pHAEL, RAR/KCA R 2
PR AR B AR — R 2720 H B S A
5= As(CUNE % 2 Wt As i Fe Mn 84 6 -0
YIsiH & As AT AR S | i H AR A 5
EPN AR TR A AR RS BAR AR T
Ao b I A TP ) As 5 B R0 SRS N (Lopez
etal.,2012), HIFH F/KE LR CIE 7RI N
PRSP, — AN K A SO Tt B TR U 14
TRA AW HCD Btk e #h 35 sk A2 A i
PRSI HE AR AT R 8 T 5, Na BB K — A1
FH AR5 B RN TR) AN W A A SRl RS 55 1 h witk
U8 R AR AR K A= T0E , R I Na— CLADK AT
ASE TR G BB 071 , S K AR 78 A i
FIW I KA 2B SR A
AR TR JEE As SRR, e RN T R ) As F2 B0k
PRTIKEAE T ABRES G AR S E S AU
BEAAE LIRS H AT E 51y As, [R]HF As #1 CL
FEI LI ARG, S S 4 2 WA b AR v
As AT BESR A - A K ik (Guo et al., 2017) . AsfE
AR PETT R VIR IR h As FRRIRAR AT R
SERMWERIA G, SR AR, 3X 28 Na—
CURZRAEAT R 5 18 2B kA 1 AR K TR 31 S
A ERIRERRK , 17 H As R FE o 23l R 1y
HiFé (Smedley et al., 2002) . #F5EIXRE 2k A
CE A R AT RBIR A 1 IRJZ 00T 7K, AT 32
As R EEA TR o by I S DX A T By R A
WL | LA 114 2 A\l DR SR P ) As 15 ARG
1, RN E AT ELA L Y Na— CLESKRFAE , 18I HR
SRR 7 AT REZ IR A ERERHGR, JF IR IIE D 17—
TE SR EE AR A 3SR EH] o

5 4% i

CBIFFE X H B SRAR S PG T 5 7Kk Al 2 e R
Al I S —2R L) CL Na y R E I FHE 5, Horp

SR A g 1) B A ) %% e R IR T Na—C1ARUK , 3
P R A 1 B 7 B I & F Na—Ca—CLEUK , i =
5 S5 A E W AR MR RET
Na—CI—HCO, 7K, HCO, ¥ J& ity 338 fin 156 HH 3t $1k
T RRRIRA T K. ST ZRBHE T Ca,
Na iy 3, 1B FLAHCO, i %, #h2R BaR fa ihii
SR BN Ca—Na—HCO, 8K, B) T 5 MG HIIN R GE Ve
IRAS B AT 5, i 5 BT A 1) i TR 6 55 162 %6 VT AR
X, ATREAEHVK LT BRI IE T BRI ER A 55 .

(2)HE4E Na—K—Mg [ i om i 2 5 fird L A 2
TRIRAL TR P ARRAS R4 Na—K iR AR1 T it
JEAE 200°C A AT, AR IR ¥ Ak TSR A, Rtk
ANAT PSS IR . 458 Sio.1a s k4,
oK A B BEARAL T ALIRES , S A5 i
T 55 55 IR RE A R /K S SARRAE 55 TR B %o [ K-
Mg ilbr , A SRR SRS T e, AR A iR
B, R 5y A AHERA B R L AR 1% A
TSR BE A3 A T 120~200°C , 3R B4R 3T i iR
IRPAGEIR IR, B fE T 60~110°CZ 1],

(3) VU K 3 o SRR R PR A - BOC R
B.Li.As, FllJg R 5 i 2 A O 2R R
B E EEB LI As S0 NEE . M
SO, /Cl™ \B/Li LUAEHE T, i 2L b R GE K A TR
K, KR, 7EH T B IR K — AR A 5
5%o BRUICLASE, AR SR HOT R ) 0 3 & 4R d ]
BB SR AR A KM IEA G, MLLLZ T, iR 8
BRI T SR A0 Li B N As S A T A R IR X
5B ARAR , 5 B X S K R C R S i
SO /CIl \B/Li HCABE /R M K G PR R v #fi
JE W EE AR, S ik S 3l IR R 48 KA B 45 1 L b
TR KIBA LLBIEK

Bt RHF R AT AT E AR ROR Xt
BdHBETHMLKE T KXUAEL NS, F
BERMXERBH ST HNBRE L EN £
ek R R B R
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