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Table 1 Main ion concentration (mg/L) in Rongcheng geothermal field
B it S B (m) pH K+ Na* CaZt Mgt | HCO; ™~ Cl SO, %~ F TDS
R0O2 2300 7.24 48. 96 816. 1 63. 82 31. 46 734.5 1138 2.38 7.27 2918
RO3 2300 6. 88 50. 75 826. 3 51. 11 22.23 651. 6 1155 3.09 7.66 2862
RoO4 1600 6.99 53. 34 875 54. 82 24.76 681. 2 1169 2.96 7.4 2958
RO5 1350 8.19 3.23 478.9 8.78 2.25 459. 1 514.7 1. 95 1. 14 1497
RO6 1595 6.73 51.69 855.9 57.85 24.18 693. 1 1150 3. 47 6. 36 2924
RO8 1680 7.55 50. 68 825.3 52.59 26.49 680. 7 1146 9.66 7.39 2890
A RO9 2900 7.25 45. 84 817.2 61. 27 27.29 704.9 1111 55.63 6. 85 2898
R10 2000 7.7 44. 38 787.4 63. 4 32.82 714.8 1083 3.31 7.04 2804
I K
R11 2000 7.04 49. 16 821.8 58. 27 29 699. 3 1102 3.29 6. 96 2846
R12 1138 7.15 48. 41 826.9 67.27 35.23 755 1143 3.16 6.79 2952
R13 1800 7.45 49. 96 818.5 49. 93 21.91 599.1 1114 18.52 7.22 2784
R14 3500 7.35 42. 66 797. 3 56.19 29.8 691.2 1106 3.77 7.05 2818
R15 3000 7.4 43.17 782. 6 55.42 28.94 704. 3 1085 2.15 7.44 2787
R16 3000 7.67 43.16 801. 2 52 25. 65 663. 4 1068 2.65 7.41 2745
R17 2500 7.52 48.79 873.2 61.78 30.78 748. 1 1182 4.98 6.97 3042
s 1 Kk Bo1 — 7.72 0. 32 8.78 53. 14 20. 24 249. 4 5.63 8.42 0.29 376. 3
B02 7.82 0. 89 3.51 65. 24 34.63 300. 6 8.03 30. 79 0.21 467.5
G [ £ 1497 ~ 3012 me/L 2 . B FHOSK . F -
ﬁjﬁj"? 2781. 67 mg/Lo goldwater
2 MoK
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Fig. 2 Comparison of main ion concentration

in Rongcheng geothermal field
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(Yuan Jianfei, 2010), 7£45 b #4 W, HBO, 1) &
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Table 2 Correlation coefficient of trace elements in Rongcheng geothermal field
Na Li Sr Cl F H;Si0Os HBO, TDS
Na 1
Li 0.176 1
Sr 0. 399 0.101 1
Cl 0.872 0. 154 0.411 1
F —0. 251 0.592 —0.072 —0.103 1
H,SiO; 0.303 0.411 0.128 0. 300 0. 339 1
HBO. 0. 305 0.777 0.574 0. 367 0.578 0. 302 1
TDS 0. 824 —0.135 0. 318 0. 884 —0. 354 —0.079 0.092 1
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Fig. 4 Relationship between ion concentration and chlorine content in Rongcheng geothermal field
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K-Ca it o5 B, % 96 1+ 58 log (/Ca/Na) .+ B 40 log
(/Ca/Na) HIE.pHL4/3,% log(/Ca/Na) N, B
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Table 3 Calculation formula of geothermal temperature scale

R AR 2 RER/NEY
Na/K t=1217/(log(Na/K)+1. 483) —273. 15
K/Mg t=4410/(13. 95—log (K2?/Mg)) —273. 15
Na-K-Ca t=1647/(log(Na/K) +p(logt/Ca/Na) +2. 06) +-2. 47)
—273.158=4/3 (+<C100C) or g=1/3 (+>100C)

x4 FHHHBAMBRBRITELER
Table 4 Calculation results of geothermal temperature

scale in Rongcheng geothermal field

o) Um i ?U% F Tw/me Tak TNek-ca
(C) | HECO Q) (G (&)
RO2 60 160 92. 28 176.77 170. 93
RO3 81 166 97. 87 178. 48 174. 67
RO4 76 162 97.76 177.93 175. 84
RO5 46 138 58. 83 59.91 97. 54
RO6 70 172 97.23 177.25 172.96
RO8 73 170 95. 47 178. 46 174.03
RO9 80 156 92.42 171. 97 167. 83
R10 53 150 89. 16 172. 31 167. 15
R11 56 158 93. 46 176. 57 171. 69
R12 52 159 90. 50 175.01 169. 43
R13 91.6 154 97. 64 178.03 174. 49
R14 68 154 89. 39 168. 66 165. 74
R15 67 152 90. 08 170.79 167.09
R16 69 148 91. 65 169. 13 166. 82
R17 60 150 92. 47 171. 70 168. 69

Na/1000

ENBEY

K/100 .

= S 7 A i Rl g B R (A B e B
2 M # K, Na-K-Ca #b #4347 & & i& ( Zhao
Qingsheng, 1988) ., 7F 7¥ Wi i #4 M ofr, Ca™" ¥k & AH
XA AN iE T Na-K-Ca i 5. Na/K i t5id H
T 365 1l DX ) R R R K — R R F 150°C L
FOZH AL i #A K (Wang Jiyang et al. , 1993) ., ff
FEIX RO5 Hlh F #UK Ca®" L8 #E = H BVl I 3 4
ik Wb A& F Na/K b, K/Mg & 466 i
F18 75 b L 5 RO  ZEAR IR N H2 3 07 W U ST A7 AT
EIE T 3 #OKTE B 528 KRG WAL,
If H K/ Mg i br Al 505 B2 — e T b B 9 i K
TR BE S 5T X M #ROK A AE 5 28 R R T K/
Mg AR R G .
4.2 KETHEE

TR LE SR AT M PR AR TSR L 7 T AR
A e 1 o ST b FAOK R T ) Tk ) S T A
K43 B b O AR 1Y AT FE M (Zheng Xilai et al.,
1996) . i #OK IR T 2 Hh 2 i 3 fi b, vk
SHEARAE SRR IFRZER KRS .5
R FOK T GR AR P SE Le  Ab
AN RS o B G 56 R $AOK RN R 9 1 S
REZVLEN, Na-K-Mg = 1 & — it F ok 43 H1 K
EHYEOIRAS R T BT A B B R K OF
RS o el AT T S 25 308 B FH R 43 7K Ak F AR A
JK B 43 T R A K T I X 2 B K A B T
T ¥ K TR A BRK S R 1 Bt ) A X 45 s 3 R R

(2 %o
22

SQR(Mg)

7 AR T K Na-K-Mg = ffi
Fig. 7 Na-K-Mg trigonometry of ground water in Rongcheng geothermal field
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B PR A S 3R b PR PR TR T R 1Y A6 I RS FHMABAAMRKRETESER
Sl —SRE . BILE R . 20 Y5 Table 5 Calculation results of thermal storage depth in
it JHL B Sk M L B G T 2 St A A6 T R 1Y Rongcheng geothermal field
e ke R CC) PAETR B (m)

o R02 63. 44 1498. 71

4.3 AEREUTEHE R03 92. 28 2322, 48
T 22 3 DX AL AR b T i U0 R A 1 78 A RO4 97. 87 2482. 36
BEUR L bR oK BAE TR BT A TR . R0 97.76 2479. 17
RO6 58. 83 1366. 97

H="1 ; Ly ROS 97. 23 2464. 04

R09 57. 59 1331. 29

Horp H R HAEEE (m).ry, NRGEIRE(C) ., R R10 95. 47 2413.83
Wi A 2R CCO L T Ok IR B B (C/100m) 5 2 R11 92.42 2526. 43
I R12 89. 16 2233. 54
S (m) R13 93. 16 2356. 25
HE A T RE 7S, HE 22 0 XA AR R RO TR EE R R14 90. 50 2271.72
5’\/45m,ilzf>]ﬂ§l 26m,ﬁfﬂ7—ﬁj{ﬁ§§y 119C9i‘@4{ﬂ%‘1*ﬂ3 R15 97. 64 2475. 83
\ ) o = R16 89. 39 2240. 00
BF—# N 3.0~8.0C/100m, x HEL 3.5C/100m R17 90. 08 9950, 66

(Chen Moxiang, 1988; Lu Chang et al. , 2018),

TSR 50 MR TT 5 45 2R L BF 50 Xl B4k 4 e o
i DR BEAE 1331~2483m 22 [A] , 15 B 1l B4 I8 1K 7 TR0 o AR HIK AL

TR AT B 0 AR A Rk A KK 2 £ 0 B K B L% L
P B TR B ETE 57~98 C 2 [ S NI e e

@
YY Sl

KAT X

’g -1.5 1
< e ks A
& ? HCO.-CI-Na ____'::-____'_‘ﬂfﬁﬁ”‘%‘ 5
e 3 ——/’_,,——’ ——————
o~ —
-3.0
4.0

T K b R R KR 1) Iy % T
Terrestrial heat flow Ground water flow direction Fault
R | H i | Ak
Heat flow aggregation Chemical types of groundwater

P8 25 Ik A K FABE X
Fig. 8 Hydrothermal model of Rongcheng geothermal field
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R A A S8 22 R DX R 3t A T A O A A 2 AR AT 1999

Ao 0 1) A I 2 N B 2 Rl DX TR AR B R 2
1 B 1 3R K AR A B . EL U 2% 1 R e
i 380 Ao R T B A R A T A TR TR A A
Uo W R0 RG0S AR 3 G GE . — R 0 i e TR
i i 2 LK O 30 TR 1 3t B4 K G e % K B 2R
LK BT i R ORs B A2 28 2 M 35 O3 Ah — R
AR AL 5 14 0 03 5 4%l 3 )2 5 A0 R P AR
e A U SR b T R K R (] 8)

6 Z5ie

C AR 78 b A4 B 18 S Hl R ZKAE & 43 B 75 3]
Z5 I Hb A b B K K AE 2 2Rl HCO; » Cl-Na
AL R E I XK AL 25 A ) HCO,-Ca « Mg B, AR
P KA 3 A AR Wb A T LR T A B 5 Cl
FOAFEAE T EA O R L U R FZoR IR T 41
KW ITEE . AEWOHHE Na® YRR & B 2
39k i A FE 1 bR K AR IR K AR R R B K, HBO,
M AR 2 U0 L R BAOK AR RN I
B

(D FEPH A DO [F 4L F HATE KK
R A RMAES . AW LR RS
75 21 25 Ik Hb 25 HH v b B 9 D 45 R AR Sl 665, 17 ~
1165. 17m, 508 % 1l X I 41 AH T, = W] T 6050 X Hb
RO A 1L R 25 R RSB K

ORI FH 240 1~ 15 15 SR A5 0 90 DX 38 A £t i
JiEH 57 ~98'C , $UAE PR IR B 7E 1331 ~2483m Z [H],
B TERJZ R KA M 45 8 3 30 K B8 R ik 3
A JE TR REROK B P EOR A K

() FBAr KABE K IEAKRAT L G2 L BT 3
Ly ) 98 2 o 30 2o DB 4 2 AR A U2 L T2 AR i R
AR K S A T S R G R R A R R AL L
o 0 058 7 U ) BRI B T TR T e BAOK [ B AE
T FE P TR M R K . BRER b UK TR i
ot ft v iy F IR AR R B B U 2% . R BUK A
VE SR Z 738 B 25 ™ e DX 30O {8 e 1) sk 7R k7
2 P RS TE R B R IV 2 .
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Abstract

The hydrogeochemical characteristics and evolution of geothermal fluids can reveal the deep circulation
mechanism of geothermal water, which is of great significance for the development and utilization of
geothermal resources. Based on the geothermal geological conditions of the Rongcheng geothermal field,
this paper selects 16 deep geothermal well waters and 2 cold waters in the Baoding mountain area to analyze
their hydrochemical characteristics and isotopes, calculate the temperature of thermal reservoir and depth
of the thermal cycle. Finally, we undertake reverse hydrogeochemical path simulation to analyze the water
rock reaction and migration process of geothermal fluid in the deep. The results show that the
hydrochemical type of deep geothermal wells in the study area is of the HCO, ¢ Cl-Na type, and that of
Baoding mountain area is of the HCO;- Ca « Mg type. There is no significant positive correlation between
Cl and almost all ions in the Rongcheng geothermal field, indicating that trace elements mainly come from
the dissolution of related minerals. The high concentration of Na® in the Rongcheng geothermal field
indicates that the groundwater runoff is long and the depth of thermal cycle is large. The content of HBO,
is higher, which means that the runoff of geothermal water is smaller and the velocity is weaker. D and O
isotopes are basically near the atmospheric precipitation line, and the calculated recharge elevation of
geothermal wells is 665. 17 ~1165. 17 m, which is close to the altitude of the Baoding mountain area,
indicating that the geothermal water sources in the study area are mountain front recharge and atmospheric
precipitation. The deep thermal storage temperature is 57~98 C, and the depth of thermal cycle is 1331~
2483 m. During the progress of the groundwater from the Baoding mountain area to a plain geothermal
well, in addition to water rock action, a series of processes such as boiling, evaporation, mixing of cold
water and precipitation supplementation have taken place, which makes the ion content of groundwater

change greatly.

Key words: hydrochemistry type; isotopes; geothermal reservoir temperature; hydrogeochemistry



