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Abstract: The Lianhua Mountain area in Yingjiang county, Yunnan province, is one of the several w regions

in Yunnan that contains medium—high temperature geothermal resources. Previous geothermal research was
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more focused on meeting the actual production needs, lack of the in—depth exploration in aspects such as the
sources of geothermal water chemical components, water-rock interactions, multi-method evaluations of
reservoir temperatures, and the genetic mechanisms of geothermal systems. Based on hydro—geochemical
methods, this paper aims to identify the circulation process of geothermal water and clarify the formation
mechanism of the geothermal system. Through mathematical statistics and correlation analysis of
hydrochemical indicators, Piper diagrams, Schoeller diagrams, diagrams of the relationships between
anions and cations, hydrogen and oxygen isotope analysis, SiO, geothermal temperature scale, and the
multi-mineral equilibrium method, a systematic study was carried out on the geothermal water chemical
types, sources of major ionic components, recharge sources of geothermal water, reservoir temperatures,
and circulation depths in the Yingjiang basin. Subsequently, the origin of geothermal water was inferred. The
results show that the hydrochemical type of the geothermal fields in the Yingjiang basin is HCO,—Na type. The
major ionic components in the geothermal water originate from the dissolution of halide minerals, feldspars,
fluorides, gypsum, and other minerals, and are influenced by cation—exchange reactions. The geothermal
water is mainly recharged by mountainous atmospheric precipitation at an altitude between 1 348-1 571 m.
The deep reservoir temperature is 168.2 °C. During the upwelling process, the geothermal water undergoes
water—rock interactions and cation—exchange reactions with the surrounding rocks, resulting in the changes of
its hydrochemical components. The heat source of the reservoir mainly comes from the magma chamber in the
deep crust. Part of the heat is transferred upward in the form of heat convection through the connection of the

Sudian—type fault zone, and the other part is transferred upward through rocks in the form of heat conduction.

Atmospheric precipitation infiltrates and circulates along the water—conducting structure, absorbs the heat

transferred upward by the magma chamber, and heated. Eventually, a convective—conductive composite

hydrothermal system dominated by HCO,—Na type water formed near the fault zone.

Keywords: Lianhuashan in Yingjiang county; geothermal anomalous area; geothermal characteristics;

hydrochemistry; genetic mechanism
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Table 1 Table of main ion concentrations of geothermal water samples in the study area

FE it 4 5 HYO!1 HY02 HY03 ZK01 ZK02 7K03 MJo1 MJ02

H A TR TR i IR I AT Hi ATt R R

BURERLEE/°C 54.3 53.8 72.3 94.2 124 94.8 62.7 47.0

Pt/ (m’-d™) 104.5 127.0 178.0 268.7 345.6 172.8 31.1 11.8

FH B 0T £ e B/ Na* 104.11 123.92 120.04 124.75 178.47 164.78 147.93 117.24

(mg- 1) K* 10.74 10.27 10.51 9.62 13.14 13.17 6.48 9.72

Ca”* 14.52 23.39 9.68 4.03 10.48 6.45 11.29 7.26

Mg>* 0.49 0.23 0.31 0.44 0.39 0.40 0.12 0.25

(53 85 - o v B/ cr 27.83 35.32 35.72 36.87 50.97 53.62 36.15 33.89

(mg-L™) S0, 37.97 52.58 21.60 25.01 52.58 20.25 75.99 33.22

HCO, 220.01 272.67 247.93 189.04 322.18 297.47 235.53 219.95

€o,” 0.00 0.00 0.00 21.33 12.19 18.28 12.19 0.00

F 9.09 10.72 11.18 12.00 17.29 18.92 12.05 12.44

Si0,/ (mg-L™") 126.47 180.30 176.60 185.35 221.82 194.54 168.66 176.60

pH 8.0 7.7 8.9 9.2 9.1 8.3 8.5 8.0

TDS/ (mg-L™") 532.09 683.36 597.90 580.50 847.63 764.78 679.76 576.23
KA SR HCO,-Na HCO,-Na HCO,~Na HCO,~Na HCO,-Na HCO,-Na HCO,-Na HCO,-Na
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Fig. 3 Schoeller diagram of geothermal water samples in the study area and elemental composition of water bodies
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Fig. 4 Piper trilinear diagram of geothermal water samples in the study area
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Cl' | 036 | 0.81 | 0.88 | 0.92 | 0.65 | -0.33 | 0.15 | cI * Folok *
SO [-0.16 | -0.14 | 031 | 026 | -0.52 | 049 | -0.63 | -0.12 | SO
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coX | 059 | 071 | 042 | 061 | 0.12 | -0.60 | 0.24 | 0.62 |-0.067|0.083 | CO,"
F' | 030 | 075 | 0.83 | 089 | 063 | -0.42 | 0.15 | 0.98 | -0.14 | 0.72 | 0.61 F *
Si0, | 0.50 | 0.76 | 0.80 | 0.79 | 0.45 | -0.27 [-0.077 | 0.82 0.64 | 049 | 0.77 | SiO,
pH @ TDS Na- K Ca¥  Mg" ¢ 805 HCO, €O/ F sio,

*p<=0.03
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Fig. 5 Correlation diagram among various hydrogeochemical compositions
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Table 2 Results table of hydrogen and oxygen isotopes in water samples and recharge elevation in the study area
% JBORE 25 2 /m 8D/%o 8"%0/%o Hh 45 e /m
HYO1 842 -66.79 -8.97 1410
HYO02 839 -66.75 -9.16 1 405
HYO03 852 -64.88 -8.84 1 348
ZK01 853 -68.55 -8.84 1489
7K02 848 -70.79 -9.63 1571
7K03 852 -67.43 -8.32 1 445
MJO1 845 -66.77 -8.85 1413
MJ02 859 -67.64 -9.36 1 460
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I I T K- R
32 HiEmokiAEE
AR 2(3) T K R
Og - 0p

p + h (3)

H =

(3 H—#M o R B, ms S— Hb #A K B v 8D
1B, %o 5 8,— K FEIK 8D {HL , %o 5 k— KK
8D 1Y 7 AR T, %0/100 m, k HUFR [ 7 R X
SD 1) 5 T B 2.6 %0/100 m' s h— HUAE 15 55
B, mo ASUAEBEFE XN BUR SRR RE 14, il
K 45 B 8D K -52.14 %o , 850 1l } -8.51 %o .
T G5 R 0L 2 2, 0 53 IX 3t POk #h 45 B R A F
1348~1571 mZ i), EEALH X R ARFILX .
3.3 MEREMITERAG
3.3.1 JK-AHEAE R

T 2 22 i B 5T X b ROK Na—K-Mg'” = I &
(T 9) S XoF AFF 55 X Hiu A K 1) 1 Al 2 i (56 4 - Aty
IR A3 K AN AR KO HEAT IR B B
T 5 DX (14 7K R 25 359 9 2 A LK X, e B AR 5% IX.
Hi AR K = SR R, Ry R B A A1, PR R
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Fig. 9 Na-K-Mg'" ternary diagram of water samples in the study area

3.3.2 BUEEEITHA
A BF 9T X M 4K Na—K-Mg'" = 5t [&] 1
S3 BT & BRI 5T X H 3K AR 38 B K -5 S8 bR
A 76 TT 5 R B A R B iR 5 R BH S
b 7 A T AR R B IS EOR A 0
PO AR A UL K 2 1 W1 0k B R T
D) A AR >

TCAER IR
1309
t= y - 273.15 (4)
5.19 - 1g(Si0,)
e RZRRHR .
1522
- 273.15 (5)

t:
5.75 - 1g(Si0,)
2) B b PR R

RIABEBEETEHSABERARESERE

B 1032
'T 469 - Ig (Si0,)
HR A = A Rk b PR AR TSR A R (R 3)
W 5 DX B A7 0 T A (TE 78 VR A R ) T B3 B
T 150.8~187.1 ‘CZ ], ¥J{H 172.0 °C, A %=
AR (le RZZRBR ) IF IR E N T 1441~
174.0 ‘CZJa] , Y918 161.6 °C, E B b5 i
M F125.6~167.1 ‘CZ 1], #{H 149.7 'C. K
Ry RIORL AR /N B A e AR R, 5 38 38 A A L B
TR 0 AR L 57K A9 B A H A T B
A, R IR T O A A S IR A R S
PAG IR B IF H 256 05T X O A7 M Al £L %
BEFEAT 23 07, N R 2% R R 78 VA R 1 D i
P B 422 30 S B A L

- 273.15 (6)

Table 3 Results table of geothermal reservoir temperature calculation and thermal circulation depth

i Si0,/ IR, AYORAR (RZAERBIK) 1 ARREAREKZER KRR 2007 firk/
9= (mg-L™") C C it 2k )/°C C C

HYO1 126.47 54.3 150.8 144.1 125.6

HY02 180.30 53.8 173.0 162.5 150.8

HYO03 176.60 72.3 171.6 161.3 1493

ZKO01 185.35 94.2 174.8 164.0 152.9 154
ZK02 221.80 124.0 187.1 174.0 167.1 148
ZK03 194.50 94.8 178.1 166.6 156.7 151
MJo1 168.66 62.7 168.6 158.9 145.9

MJ02 176.60 47.0 171.6 161.3 149.3
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Fig. 10 SI-T diagram of various minerals in hot water in the study area
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Fig. 11 Conceptual model diagram of hydrothermal system in Lianhua mountain geothermal anomaly area
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