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Abstract: The southern Himalayas is rich in geothermal resources. The study of the formation mechanism of geothermal water and
travertine is helpful to understand the characteristics of geothermal resources and the information of paleoclimate change. It is of
great theoretical significance to enrich the systematic study of geothermal resources in Shannan and the study of climatic and
environmental changes in Qinghai-Tibet Plateau. In this study, three hot springs in Qiongduojiang, Gudui and Quzhuomu in Shannan
area of eastern Himalayas are taken as the research objects. By collecting the data of hot spring geothermal water and travertine, the
characteristics of geothermal water-rock interaction, the estimation of geothermal reservoir temperature of geothermal water, the
traceability of geothermal water supply source, the genetic type and formation age of hot spring travertine and the climatic
significance of travertine are comprehensively analyzed. The results show that the hydrochemical type of Qiongduojiang hot spring is
HCO;-Cl-Na-Ca type; The hydrochemical type of Guduiriruo boiling spring is HCO;-SO,-Ca-Na type. The hydrochemical type of
Guduichaka boiling spring is Cl-Na type; The hydrochemical type of Quzhuomu hot spring is Cl-SO,-Na-Ca. The source of anions
and cations in hot spring geothermal water is mainly the dissolution of silicate rocks and the dissolution of some carbonate rocks and
salt rocks. Since the hot spring geothermal water has not reached the water-rock equilibrium state, the shallow thermal reservoir
temperature is 129~ 148°C by using the quartz geothermal temperature scale, and the deep thermal reservoir temperature and cold
water mixing ratio are 181~221°C and 58%~65% by using the silicon-enthalpy diagram. Hydrogen and oxygen isotopes show that
the geothermal water supply elevation is 4467~ 5303 m. In Shannan area, geothermal water is recharged by high-altitude
atmospheric precipitation and ice and snow melt water. It migrates to the deep through the main fault structure to heat and rises along
the fissures and joints under high temperature and high pressure. Then it is mixed with shallow cold water, and finally exposed along
the shallow surface loose fracture zone to form a hot spring. Hot spring travertine CaO accounts for 43.43%~56.66%, and shows the
characteristics of light rare earth element enrichment; the 6"°C indicates that the hot spring travertine is thermogenic, and the carbon
in travertine is mainly derived from the metamorphic origin of deep carbonate rocks, and only part of mantle carbon is found in
Guduiriruo boiling spring; "“C dating shows that the age of travertine is 21 280+£70~>43 500 years, the ratios of Mg/Ca and Mg/Sr
indicate that the rainfall decreased rapidly from the peak in 43.50 ka, and gradually increased from 42 ka to 21.28 ka.

Key words: hydrogeochemistry; hot spring travertine; reservoir temperature; hydrogen and oxygen isotope; carbon isotope
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Fig. 1 (a) Study area location map(a) (modified from Wang et al., 2016) and geological map and sampling point distribution

map(b)
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Table 1 Hydrogeochemical results of geothermal waters in the study area
. . Na K’ Mg™ Ca” cl” SO~
B &4H FREm) REE(C)  pH DS 2 - - d
LT
= 4380 36 6.59 2910 456.00 71.60 32.60 218.00 627.96 150.51
gﬁ; 4526 83 7.06 396 38.79 5.27 10.74 49.46 32.44 73.14
iﬁg 4533 83 8.42 2080 596.00 69.20 0.13 3.60 710.08 203.15
Hif;: 4313 82 7.28 1640 293.00 45.90 13.90 107.18 379.19 357.76
Hiﬁ;j; 4306 82 7.28 1560 220.00 30.90 14.80 155.98 236.44 453.04
B 4 R 1eo, S/rL 519: w774 %) ¢"0 6D YSrSr g sEC 45460
mg
IEJ,;%I 1 144.96 18.50 112.84 5.8 — 1847 —148.6 0.715580 +1.5 —18.2
gﬁ; 174.70 0.58 106.61 1.4 —1691 — 1462 0.709 068 —15 —26.5
iﬁg 351.40 0.55 121.60 4.8 — 1548 —1393 0.709 701 +2.1 —15.7
%f;: 322.87 2.26 87.12 7.2 —16.13 —1309 0.715168 +2.4 —21.6
Hiﬁ;j; 344.92 2.08 88.21 6.2 —16.72 —130.2 0.713193 +0.5 —2623
(mg/L) FITHCO, ™ 1Y & 5t 42 b 5 [ 43 1l oy 32.44~710.08
10° mg/L(#J{H 397.22 mg/L). 73.14~ 453.04 mg/L(1
& {8 247.52 mg/L)Fl 174.70~ 1144.96 mg/L(¥ (&
\ N VD
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e /,/' E \ Ro/ ia St F~ I SiO, By 7 42 1 Bl 43 31 R 0.55~ 18.50
\ / N,
Wik \\%5 A mg/L(¥ {5 479 mg/L) . 0.10~ 13.68 mg/L(3 (K
/
" | 424 mg/L)Ml 87.12~ 121.60 mg/L(¥J {f 103.28
]
100 — @ - IBZILIER \\ ] mg/L) .
- B - AR '\ % 3Piper = £k [&] (Piper, 1944) i 7~ , AN &
I v SR 80K 62 2B SRR T 21T 3 5
1L piay
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Fig.2 Scholler

parameters of geothermal waters in the study area

diagram of main hydrochemical
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HIKZ 0.02%~18.91%(¥IMH 5.09%), H by XS
KBRS0, & & A i, AT AE AR X R A2 R T R
1o BORE R AR T BT R B R . TFe,0s.
MgO 1 ALO, & 85K, 43510 0.14%~1.70%.
0.25%~0.66% F10.05%~1.23%(3{E 0.84%. 0.66%.
0.29%), ¥ Fe. Al#54¢ £ 2 ¥ @, MgO V¥ {H
0.66%, RAFETEHLEA A, HEFETT
RIS EIAEFAL, KA/ T 0.1%. MitnR T

100
mognsme ) 80/
W oRERRE O
A kR S
A AR P40 /N

/

@ KEILiwR

Sr A, M 340.56~3336.04 pg/g(H1H 1436.7
4 pg/g), Hk K Ba 1 Ti, 20514 37.65~300.77 pg/g
(X318 130.43 pg/g) Fl 1.54~285.61 ng/g(H{H 61.13
ng/g) o

AT 1 0 R HoA A R sk k2 v o, H
ERARENE ., 2% DIBS R PR G5, 1 i
b AR DU AT S B, TR AT A S A
PR BRI (FEZR, 2021) 0 AF9E XIRAR 546G L0 %
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Fig.3 Piper triangle diagram of geothermal waters in the study area
T2 MREXERFEEEETESE (%)
Table 2 Major element content of hot spring travertine in the study area (%)

FE 44 FR SiO, ALO;,  MgO Na,0 KO PO, TiO, CaO TFe,0,  MnO LOI
e SR 1.18 0.06 0.56 0.02 0.02 0.04 0.01 53.63 1.16 0.10 4225
o ME 2 R — 0.05 1.49 0.02 0.01 0.02 0.01 54.82 — 0.06 43.16
WHER R R 1891 1.23 0.58 0.13 0.19 0.04 0.05 43.43 0.37 0.19 34.07
i AR AR 1 0.25 0.05 0.41 0.00 0.02 0.01 0.01 55.20 1.70 0.46 41.35
i1 =R AR 2 0.02 0.07 0.25 — 0.01 0.06 0.01 55.66 0.14 0.04 43.76
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(REE) B &5 4 0.37~15.11 pg/g(¥1H 3.64 ng/g),
B ARG T VU RO K 4 (20.82 pg/g) Fl 25 B 1 (8.51
ng/g) (KL%, 2021; 454 55, 2022), 2= B A [5] 3 X )
PRI S B AN R AR A . 564 10K (LREE) FI
#ii + 76 R (HREE) ) % 1t 722 4k 4 [ 43 51 R 0.34~
13.56 pg/g(¥ 14 3.16 pg/g) F1 0.03~ 1.55 pg/g(F)
{H 0.48 pg/e), B LICR S mAIX ER LT RK
o FHEM TR bR S HE T DU B A
+ (o AR E (] 75 25, 2019), BROKL BG4 B i AL B
+ A A (B 4b) SR HE H 270 58 L iR
PR (1 A0 2) 0l HE 28 R 0 S IR IR A5 A 34y A i AR
R, PR R L OTR W AR A, T IS 2 VLR R
PRGN B . F5 o0 F H Ce Al Eu fbafdk

Fi K, e B I R vh 28 5 I M a4, —
MEAETRPE SR MF T Sn H Eu ZL4E AT Ce & AR IR A,
BCPE 26 F T AR S (2 18 2R, 1989) 0 WFSE X 4 4
(% Bu F Ce #3/NT 1, RI 7 HARZS . Bu 50
AT O e fE R PR PE AR T A4 CO, 4 i fA
K, IR BT AR R SO BGER 854 . Ce T i
A RESE Ce' [V il BE A Ce™ M AR EE /N, TEME MIIT
FRGAAR P ICHE M i, AT I B OTARY) Ce Y 97 5
(B TC 2045, 2010) o IR YLAN AR SR B0 RG +
JLER M R RO g, RWITEIE i e A S 2 AR
Yy A B AE PR (FE A, 2021) o 7l E HE I 5
i A BROR (1 A0 2) 145 AR A8 A B AR L, SR
AR AR IR N, TR E R U o AR

#*3 MRRERGENMETEES=E (pg/g)
Table 3 The content of travertine rare earth and trace elements in hot springs in the study area (ng/g)

FE il 44 TR La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er
B2 VLR 0.34 0.31 0.06 0.20 0.07 0.05 0.078  0.021 0.142 0.046  0.157
HHEHEWRR 022 0.06 0.03 0.07 0.04 0.04 0.004  0.005 0.007 0.006  0.008
WHHERREE R 3.28 5.98 0.76 2.84 0.57 0.13 0481  0.080  0.408  0.084  0.223
B AR AGR 1 0.20 0.03 0.02 0.03 0.03 0.02 0.001  0.004  0.005 0.005  0.006
M s ARMIR2 022 0.07 0.03 0.05 0.03 0.03 0.007  0.005 0.010  0.006 0.010
E T Tm Yb Lu Ti Rb Sr Pb Zr Ba Th Ta
B2 VL IR 0.031  0.214  0.040 9.33 1.52 850.82 0.36 0.44 74.05 0.13 0.01
HHEHEB R 0005 0.002  0.003 2.95 0.73 1717.23 0.33 0.14 74.85 0.11 0.09
WHEZRRWER 0.037 0205  0.030  285.61  25.50 939.02 1.82 8.64  300.77 1.20 0.09
MEARMIET 0004 0.001  0.003 1.54 1.60 340.56 0.25 0.15 164.84 0.10 0.01
M EARMIR2 0005  0.005  0.004 6.20 0.93 3336.04 1.23 2.00 37.65 0.10 0.01
(%)
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McDonough, 1989)

Fig. 4 (a) Change trend of major elements of hot spring travertine in the study area (a) and Chondrite-normalized REE

spider diagrams (b) (chondritenormalized data after Sun and McDonough, 1989)
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