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Structural topographic map of the study area
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Water chemical composition and hydrogen — oxygen isotope composition of the three springs

Tab. 1

K/ Co/ FEPAE T/ (mg - L) FEHHT/(mg - L)
R . 380(%o)  8H(%o0)
(C) ('mmol Lt ) F- Cl- NOy SOi_ HCO5 Na* K* MgZJr Ca2*
TXRRE 71.1 6.91 16.31 —13.936  -104.376 9.4 11.4 0 3243 676.8 342.2 22.6 7.4 74
HIFESR 53.2 7.11 30.75 —15.26 —112.14 13.8 27 0.2 520.7 1375.7 848.1 47.4 7.3 41.2
TRPEER  42.3 7.43 9.79 ~13.64 -93.1 3.7 141.8 0.6 47 463.7 233.9 23.1 15.3 50.3
. 880, 8*H(%o) 43 HinifEl SMOW.
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B2 3 ANEZEKRE Piper Af# (a) % Na-K-Mg Bf# (b)
Fig. 2 Piper diagram (a) and the Na — K — Mg ternary diagram (b)

of the water samples from the three hot springs
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Tab. 2 813(:”003— value of the thermal water samples

TR THIRI SR PRIER R

SRAEH I HCO; / HCO; / HCO; /
3¢, ’ 3¢, ’ s, ’

(mg- L") (mg-L7") (mg- L")

2016 -10 -5.262 1076.3 -4.881 2117.3 -1.055 726.4
2016 -11 -6.915 1554.4 -6.318 1118.4 -1.088 705.1
2016 12 -5.611 1044.7 -4.895 2577.5 -2.631 499.1
2017 -01  -5.203 1165.5 -5.137 3048.1 -3.284 708.4
2017 -02 -4.998  939.5 -4.596 3232.1 -4.086 578.4
2017-03 -4.601  907.9 -4.510 4328.2 -3.601 476.2
2017 -04 -5.084  845.3 -4.735 2023.2 -3.015 427.9
2017 -05 -5.105  817.5 -5.012 2026.9 -3.324 419.2
2017-06 -5.162  997.5 -5.321 2113.6 -3.642 739.4
2017 -07 -4.903  950.0 -4.834 2229.4 -3.875 771.8
BE  -5.284 1029.9 -5.024 2481.5 -2.960 605.8
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Fig. 4 Diagram of 8"C of external DIC (8"C,,)
versus external DIC concentration ( [C_,]) for

groundwater samples ( based on Chiodini et al,

1999, Lewicki et al, 2013)
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Fig. 5 Relation between the Yangbi earthquake and the variation of S]SCHcog value and HCO; value

of the thermal water in the three hot springs: Xiaguan (a), Eryuan (b), and Midu (c¢)



190 Moo=

i 5 44 3%

XN S AR A AT LASZ I R [F R CO, A=At
NSO B B R AL, SRR DRI CO,
SOE7 ey 2

5 %5iB

ARSGERAGE R O, IR, ¥R 3 4>
TR IR B e R MR AL A R AR . SRR R b BR
FEF R AE A (R 7 2 Mo BRI 2250, A DLF &
LEEL

(1) HESRKEH =BT Rm 3 MR
J&F HCO, - SO, — Na #I/K, SEFM RIS
IKERFREIT , ERH 3 AN SR K A RN A TR R %
K, G FBIEH, #Ha TR S G W
TR,

(2) T ORISR 8" Ceo; 1H N - 6.915%0 ~
-4.162%0 (¥JMH H - 5.044%0) , TH JF I R 1Y
8" Cyeo; TN — 6.318%0 ~ — 4.510% (I{H K
=5.024%0) , SRIEWIRAIS" Cyyeo; THH - 4. 086%0 ~
~1.055%0 (¥IH -2.960%0) ; CO, A H 5 Hr2
B, TG, IR R R CO, T AL
PR, A 8 A PR ) sk, A s s PR A ke

(3) 2017 53 MS. 1 HFERT, 3 MR
HCO; WePE 58" Cpe; 75 R #BFT M T IEAH G R,
AT REE 7N b R A XN ) i AR b, (B A AR YRR
A I] BEAS X 3 9 A & A i 1 R R M5, 1 3R,
ZIX CO, B MR B ¢ RE T dE— 2D 5%

SE K.

WA R EUERR AR . 1994, T Rl — S X R KRR i bR 1k
SFRHE BB AR LR A )] T E B L, 24 (4)
426 —433.

/NG ASPUT B L S L 2020, 13 Al I A4 ORI H- Hb T K R 1k 2
FRAE[ ], HEREBESY ,43(4) :630 - 637.

BHM, 7, BT, %2019, ZRIE TR AT T A KENR
SRR IR CO, BERCRAEAE AL [ )], MBS ,42(3) .
320 -329.

AR . 2009. = FE A T MR R AL TR R AVRHE B H A58 [ D]
Jemt s EHBTR 16 - 17.

EE AR, RIS AT . 1993, Hp [ — Sk X IR R R ARAIE

Pk B 2409 Co, B B R [T ], IR HRE,9(2) .
146 - 153.

REARSE . 1987, TR S5 4 X SRR IR 40 2K Hh R BR AL 2 AR AT
[J]. Hi7%,6(6) :25 - 34.

LN, RS BT 2007, H [ PSR HLIX CO, BRI Y He TR
By A AN I — P By R R B [T ). b R A A, 81 (4)
475 - 487.

K BT BRINERS . 2004, £L00 Wi 4A1 K BT e AL W2 3 5 1F
AR AR AR [ 1], MR MR 26 (4) :597 - 610.

RS, 2= AR, 2= Ui . 1997. EL 7 M RE TR S 56 3 (X IR SR Hh R 1k 2
SWiANEE R [T]. KM 5 M2 21(2) 129 - 136.

L. 2015, 253 24 T TR B v R IR AR 7K P GG A f R B R s B
AT D). B Z e kA% 21 - 23.

ki . 2010. TR IR S b BTRE SR RBSE A AT [ D] BB . R 3
TR

WY, B A, S B L 2002, TEPY BB A Y Nd St Pb [F) R
FHIE e HBF R EWME R [J]. a0 P&, 21(3):
231 -241.

KI5 B . 2001, = g K FLME X IELR CO, RS MR WUIRFSE ()] s
EWFT,24(3) :238 —244.

JRGER, PhRE , PR . 2016, B0)1 M(8. 0 MR %44 CO, .CH4 \Rn
A Hg BB [J]. A a72E4R,33 (1) 2291 -303.

Chiodini G,Frondini F,Kerrick D M, et al. 1999. Quantification of deep
CO, fluxes from Central Italy ; Examples of carbon balance for region-
al aquifers and of soil diffuse degassing[ J]. Chemical Geology,159
205 -222.

Girault F, Adhikari L B, France — Lanord C, et al. 2018. Persistent CO, e-
missions and hydrothermal unrest following the 2015 earthquake in
Nepal[ J]. Nat Commun,9(1):1 -10.

Irwin W P, Barnes 1. 1980. Tectonic relations of carbon dioxide discharges
and earthquakes [ J ]. Journal of Geophysical Research, 85 (6):
3115 -3121.

Lewicki J L,Hilley G E, Dobeck L, et al. 2013. Geologic CO, input into
groundwater and the atmosphere ,Soda Springs, 1D, USA[ J]. Chemi-
cal Geology,339:61 —70.

Miller S A, Collettini C, Chiaraluce L, et al. 2004. Aftershocks driven by a
high — pressure CO, source at depth [ J]. Nature, 427 (19 ).
724 -727.

Miller S A. 2013. The role of fluids in tectonic and earthquake processes
[J]. Advances in Geophysics,54:1 —46.

Weinlich F H. 2014. Carbon dioxide controlled earthquake distribution
pattern in the NW Bohemian swarm earthquake region, western Eger
Rift, Czech Republic — gas migration in the crystalline basement[ J].
Geofluids, 14 ; 143 - 159.



552 1) 5K OAE TP OCER M DR MBI R CO, Mk Rl 3R 4SRRI 52 191

Characteristics of the Carbon Isotope of the Dissolved CO, in Hot Springs
in Dali Region, West Yunnan Province

ZHANG Xiang, FU Hong, LUO Ruijie, LI Bo, ZI Chengzhu
( Yunnan Earthquake Agency, Kunming 650224, Yunnan, China)

Abstract

Finding the source of the dissolved CO, in hot springs in the study area will facilitate judging and assessing the
anomalous information about the dissolved CO,. From October 2016 to July 2017, 10 repeated sampling
observations were made on hydrochemical ions and 813CHCO§ in three hot springs: Xiaguan, Eryuan and Midu in
Dali region, West Yunnan Province. The results showed that the three hot springs’ water belonged to HCO, - SO, -
Na type. The analysis of Hydrogen-oxygen isotope indicated that the groundwater recharge of the three hot springs
was derived from atmospheric precipitation. The analysis of carbon isotope showed that the CO, in the three hot
springs was mainly derived from the deep mantle and metamorphism. Before the Yangbi 5. 1-magnitude earthquake
in 2007, which was located within 100 km from these three hot springs, the positive correlation between the
background values of 813CHCO§ and HCO; in the three hot springs were observed broken, which indicated that the
813CHCO§ value had a certain correlation with the Yangbi earthquake.

Keywords: hot spring; hydrochemical ions; CO, and carbon isotope; earthquake; Dali region



