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Abstract: This paper is result of geothermal geological survey engineering

[Objective] Geothermal resource in Huaiyang area belongs typical medium—low temperature geothermal resource of subsidence
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basin. Evaluation of geothermal resources in the Huaiyang area can provide insights into its exploitation and scientific
management. [Methods]In this paper, we analyzed the geochemical and isotopes characteristics of geothermal fluids to explore their
local geothermal field features and genesis. [Results] The results show that the deep thermal reservoirs are significantly affected by
basement structure and faults characteristics. The geothermal gradient is higher (e.g., 3.75°C/100m in the Suzhuang area) along the
boundary of faults than the other areas (e.g., 3.5°C/100m). The type of the geothermal fluids are dominated by Cl1- HCO; - SO,—Na,
Cl-SO,-HCO;—Na and Cl-SO,—Na. The main cation of the geothermal fluid is Na" while the anions variou in types. The geothermal
fluids were probably derived from the atmospheric "ancient water" of the Funiu Mountain in the western Henan province before
1952, with relatively weak rock—fluid reaction.[Conclusions] The major exploited geothermal reservoirs are placed at the Neogene
Minghuazhen and Guantao Formations. The geothermal resources are mainly used for heating feeding, etc., which has greatly

improved the local economy, Contribute to the realization of the "dual carbon" goal in the region.

Key words: geothermal fluid; hydrochemisty characteristics; geothermal field; cause analyzing; subsidence basin geothermal;
geothermal geological survey engineering; Huaiyang; Henan Province

Highlights: The relationship between geothermal gradient and geological structure in Huaiyang is analyzed; The sources of different
ions in Huaiyang geothermal fluid and the main sources of geothermal fluid are discussed.
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Fig.2 Horizontal geothermal geological section of Huaiyang County
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Table 1 Well temperature data
I %4 S R /m %/ C I %4 S R /m %/ C
H3 114.88 33.7561 1200 56 H43 115.0149 33.7398 1030 50.4
H4 114.8835 33.7618 1250 45.7 H45 115.0125 33.7792 1100 47.8
H5 114.8816 33.7664 1210 58 H47 114.872 33.7305 1200 46.7
H7 114.8555 33.8803 1120 41 H48 114.8844 33.7313 1360 49.1
H8 114.792 33.7976 1060 453 H49 114.8698 33.7125 1000 46
H9 114.7807 33.8296 1000 41 H51 114.9159 33.7279 1000 49.9
H11 114.724 33.7347 1300 58 H52 114.9137 33.7269 900 453
H12 114.7255 33.7327 1100 48 HS53 114.8584 33.7161 900 435
H13 114.7677 33.7234 1220 59 H56 114.8877 33.7497 1200 42.7
H14 114.7903 33.7397 1200 41 H57 114.8846 33.7578 1000 42
H15 114.8501 33.7227 1200 435 H58 114.8884 33.7756 1350 62
H17 114.8516 33.7291 1200 46 H60 114.8873 33.7583 1200 54
H18 114.8541 33.7181 1200 42.1 Ho61 114.8907 33.7502 1200 46
H24 114.8564 33.5389 1200 47 H62 114.8734 33.8024 1000 46.9
H26 114.9031 33.4562 1200 56 H63 1149178 33.8442 1200 52.1
H28 114.9494 33.4579 1100 41.6 Ho4 114.9601 33.8277 1000 45.6
H29 115.002 33.4233 1050 43 H65 114.9588 33.8286 860 43
H32 115.0378 33.501 1100 50.9 H66 115.0209 33.8298 1600 51.4
H34 115.0285 33.503 1100 40.2 H68 115.0217 33.8318 1360 46.4
H36 114.9438 33.5279 1000 47 H70 115.059 33.8936 820 43
H39 115.0328 33.517 1100 51.1 H73 115.0411 33.9107 1000 48.9
H40 115.0093 33.5625 1100 47.1 H75 115.0413 33.9067 1100 50.1
H41 114.9929 33.604 1000 433 H76 115.0428 33.9056 1200 52.9
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Table 2 Water chemical analysis results of hydrothermal fluids
. o spee o BT s/(mg/L) RN & & &

wE S AFRE PR Mg~ K CI' HCO, S0 oD/% 6"0/% T/(T.U)
Hl Na-CI-SO. 8 1096.7 33.39 547 1298 11243 330.97 494.74
H7  Na-CI-HCO;-SO., 8.11 525.1 10.51 3.23 335 316.5 466.38 3553 -78 -10.6
H8  Na-Cl-SO,-HCO; 8.11 611.39 11.34 3.89 3.16 45543 419.63 366.7
Hl1e6 Na-HCOs-SO, 839 34338 4.08 1.78 1.65 90.57 581.15 187.66 -78  -10.7
H28 Na-HCO:-Cl-SO, 8.34 459.41 4.47 132 1.88 276.05 504.03 219.35
H35 Na-HCOs-SO, 839 350.68 3.46 1.13 1.62 36.51 703.8 170.15

Nm  H42 Na-CI-HCO:-SO; 8.2 61825 10.31 2.52 294 532.78 41597 315
H43  Na-CI-HCO:-SO, 8.31 523.59 85 2.58 2.63 324.01 457.89 343.02
H52  Na-CI-HCO:-SO, 8.39 533.18 8.7 2.83 3.2 339.08 47431 327.19
H64 Na-Cl-SO,-HCO; 8.19 58423 1142 3.5 4.06 361.63 45423 41126 -78  -10.5 <1.0
H67 Na-Cl-SO,-HCO; 7.94 6663 2286 5.02 7.29 512 397.18 53898 -79  -10.6
H70 Na-SO,-HCO:-Cl 8.13 538.87 14.94 3.46 6.24 213.76 459.11 517.24
HS51 -79  -10.6
HS5 Na-Cl1-SO, 7.77 10255 37.02 82 9.67 1172.6 332.8 496.98
H11 Na-CI-SO. 8.17 721.35 15.51 538 4.13 698.19 379.54 39591 -78  -10.5
H13  Na-CI-HCO:-SO, 8.14 572.57 9.7 2.89 3.13 437.17 460.95 331.01
H24 Na-HCO;-SO,  8.37 36852 3.68 0.96 1.71 65.16 6534 213.7 -79 -10.7

Ng H47 Na-Cl-SO,-HCO; 8.2 63021 13.11 3.51 3.7 55426 382.6 381.13
H54 Na-Cl-SO,-HCO; 8.1 677.99 12.72 3.82 4.04 530.97 406.88 384.44
H56 Na-Cl-SO,-HCO; 8.12 629.07 13.84 4.49 433 496.97 414.14 427.34
HS58 Na-Cl1-SO, 796 1064 3929 8.1 11.82 1190.5 326.09 539.11 -78  -10.2
H60  Na-CI-SO,-HCO; 8.28 557.63 9.34 323 2.83 393.14 457.28 360.98 -79  -10.7 <1.0
H61  Na-CI-SO,-HCO; 8.2 590.39 12.13 3.94 336 46546 419.63 388.12 -79  -10.6
WL 74 -10.5
W2 71 -102
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4.3 TR E 5 R iIR
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[i] B FR B 2 T 2 CIUB i AR i HCO; ™, KAk 2F 2 Al
i1 C1- HCO; - SO,—Na [i] HCO; - SO,—Na #4745 . £ H:
M AR HLIX , HCO, & 53 K, Hirp H35 Al 3K 703.8 mgy/
L, Cl % i F b I i PG ( B R A, 1983) 6

AFE 2 AT N YEH B M PR B 25 LA Na "l &,
HH Ca™ Mg K'. FIE L Cl SO \HCOs
F,pHIE P4 8.2, HE5HH/K . Na' EZR T2
A T R A KR, R MBARRZ— &R
MM T (A, 2005) , iR 12 S AR
BT, BEE W UK RS R IR FH R A
T SO EELATREIR T AL i) (CUNeikn™ ) 7 =
R EAAETT  BEA AR (R LA, 2010558 A
FUAE,2011) o 24 pHAE N 5~8 B, i T 2L L HCO, Y
B, THEBH s DX b AR pH BT 324 8.2, HCO;-
AT RES YR 1 P 2 RN BH AL B DA P A /K A

AR Na FHXT T 7K 75 11 5¢ FR Rk S LAk — 5 A 4
HAEH , Davisson il i ifF 58 & B8 Ca™ #1 Na' B 1A it
TRURER A 1 ARG A DCHRRAIE , ;X P ¢ R
SR MR LR (BFL) I F 42 T F H Cltences—
Natgere U WURAR =5 A A0 EAE R B9 /7772 (Davisson,
1996 ; BERT , 20065 #X B 1E,2017) o THEER
Ca,....=[Ca,..~(Ca/CI)_*Cl,.]x2/40.08

Nay, =|(Na/Cl)_xCL,.~Na,.]/22.9

s Clonees 27 Ca> FXFIREIK & FE 0 22 70 2 i
W, meq/L 5 Naase 721 Na A XA K 7 41 19 2 50 24
HWRIE , meq/L; (Ca/Cl)w . (NalCl) o FR 17K HFAH R
BT EE EE ;R AR sw” Al “meas” 73 51| e B0 A1
TR BKAR R i B 1) B VR B2 (mg/L) o

HH 2% 3 FIIEl 6 AT A1, HURE SRR T BFL i 42

http://geochina.cgs.gov.cn FPEHLT, 2022, 49(3)



b J 2022 4

« HUFEAZE AU Sampling point ) L

W2 Fracture line % :
fffff HbIR B 258 4% Geothermal gradient /iy
% iy s
0 6 12 km

| —

Pl 4 9 FH L bR B A5 (2R K]

Fig.4 Geothermal gradient contour of Huaiyang County

T, Cloees 7 TE —0.05~0.67 meq/L, Nagee 75
fE-21~—12 meq/L, 45H B F=r ELE(&7),
Na'5 CI'fINa" 5 (CI+HCO, +S0.2 ) 2 vi 4 i 1t
{E A & R B =, 40 3R R=0.97 (1&] 7a) Fll R”=0.99
(& 7b) , P8 B 46 K3 43 Na™ 5 C1- . HCOs #il SO 3k
PEAR A, o R &R 43 Na™ 5 CUAH G (#6145, 2018) .
H T Na A X ), B SRR B Na™, 4545 Na' 5
HCO; 1 SO #H 3¢ R B3 Hl & R=0.7 (&l 7¢c) , R°=
0.59 (& 7d) , [t 4h 3k Na* 5 HCO, 1 SO #H 56
MK R A& HCO, BSOS, Bl & K 2 oA
NaHCO; Fll Na,SO. [ B 43 , $E 0 b DX 358 7] e A7 A
T ERAIPEAN o U RHROK A B 37 12 v B
WRsEI , B A A KA A EAE AT ABARXT LSS

HR A 2 7 HO A H A8 5 R 5 (pNa/yCDSEE N
3.36, B 2 B (ySO.*100/yC1) - 14 {5 K 96.99, H35
FE A BN AR BB s B 14.81, BB R B Ik
351.29, FRUIH M Z /K HiB ATK 52 ERGR , 12 AJK
TG Bl R B AR AF A5 22, b )2 B P A 22 (kAR
fit, 2011; 228 1%, 2016) . 32 KRR 5 1R /D
TRFR PR I [ 52, 158 BH 3 BROKCHE I A 42
RS RE . B Na—K—Mg P-4 & (& 8) Al &

W KRR SR T Mg Ak, BT R BB GT IX K= AR
FAABRXT A , A5 2P ARRAS i Ve A e AT
(Giggenbach, 1988 ; FIMZLTR,2015)
432 Bz E 547

(1) AMA AR

R4 SRR A 28 Bk, 45 5 v [ R AR K 2
(6D=7.75"0+17.5) Fl 4 Bk KB 7K £k (6D=86"0 +
7.1). HE 9T LoD 5 60 BUfH 5 2Bk KAk <
I, UL b PR AR T2 BRI R AR . (HEAT
TE— A, UL & A K — A E T (K — /R AR
XA, Horh 58 S A IR RS IR f oK o AR I H IR BdE
AT 585 A 62°C |,y T I - o5 e LR IR, iR
JER AR R R, — R, A
FE MR B A (2244155, 2010) o

(2)#MA R

KARFIKI 0D 5 60 BA m B , i e 2
MRS X AR SRR . TR AR

H=(8,-8,)/K+h

o h—FE N E R (m); de—FE A Y 0"0
(%o) 55— KA IEIK 6O H (%o) 5 K—KAFEKIN
50 B BE (%0/100m ) ; H—4MA B (m) .

R 11 191 (R 10 B ) Mt A B VR s A 2 4 (12
ke, 2014) , i 2 H A B K oD B R —9.2%0 , K E
TK ) 0"0 BB —0.32%0/100 m , i 14 38 1] 15
WFFE X AN T T2 M 349~497 m, FITP 5 111 [X. 785 5 AH
— 3, 2L UL AT X b ORI TR PR AR 4R 1L
X RAREK (B/NL,2017)

(3) IR GRARAE RS 3B

R IK IR B AN S 2 B AN R, HT A B
FRAG IR IKAER 52 B R 2R AR, PR,
JERF AR IR A BRI K A BEARR B2 70) . AT AR
Pt B0 VE 0 WL R K AR IS AT AR B, < 1 TU, R 1952
FERTABANA K5 > 2 TU, N 1952 4F 5 A B
HINE RSB 7 AR IR I ST DX 37K Sty R AT iR
R KO & 5L 7E 11 TU Z2 47 (R GE ik, 20185 5K A,
2019), SR 3 AT LI i, il & s <1 TU, BT X HbEA
TKA 1952 A AT AB R B 7K,

5 %45 &

(1) ¥ BH B 3= B A 3T 2R WA A 2 R P
ZHIGE ), H BB ZH TOAR MR TR 220~240 m, SR

http://geochina.cgs.gov.cn H1EHLFT, 2022, 49(3)



55498 234

A SO A% < ] g T P L AR A2 R S AP o A 963

0

o
o>
e

S0

o
>
N

&S
&

®

P15 e FH DX A AR A 2725 1 Piper 4]
Nm—#i15 R WAL ; Ng—Hrilt F 08 F 20
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K% /m JF5  pH Cleeer/(meq/L)  Naga/(meq/L)
800~1000 016  8.39 0.11 -12.75
800~1000 042 8.2 -0.05 -14.01
800~1000 052  8.39 0.07 -14.99
800~1000 064  8.19 0.19 -16.67
800~1000 070  8.13 0.52 -18.27
1000~1200 01 8 0.47 -20.51
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1000~1200 08 8.11 0.08 -15.58
1000~1200 028  8.34 -0.07 -13.31
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1000~1200 043 8.31 0.08 -14.94
1000~1200 067 7.94 0.60 -16.60
1200~1400 05 7.77 0.60 -16.24
1200~1400 011 8.17 0.03 -14.49
1200~1400 013 8.14 0.02 -14.33
1200~1400 024  8.37 0.11 -14.45
1200~1400 047 8.2 0.07 -14.01
1200~1400 054 8.1 0.07 -16.65
1200~1400 056  8.12 0.16 -15.34
1200~1400 058  7.96 0.70 -17.49
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Fig.6 Cacxes—Nageradiagram of deep geothermal fluid
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