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Abstract: The fracture zone in the southeast foothills of the Taihang Mountains is well developed and endowed
with abundant medium and low temperature geothermal resources. However, the hydrothermal genesis pattern of
deep geothermal water in this area remains unclear. Based on the hydrochemical composition characteristics of 55
geothermal water and 38 shallow groundwater, this study analyzed the source and migration law of ion
components, and the recharge source of geothermal water leveraging isotope characteristics. On this basis, the
water-rock equilibrium state, temperature, and depth of thermal cycle of deep thermal reservoirs were revealed.
The results show that the study area is a convective-conducting composite geothermal system, and the geothermal
waters as a whole are in an oxidizing environment, with the ionic fractions dominated by HCO; and Na’, which
are mainly controlled by the dissolution of minerals, such as salt rock and carbonate, as well as by the cation
exchange. Furthermore, the recharge elevation of the geothermal water ranges from 1 010 to 1 153 m, which
indicates that the recharge area of the geothermal water is located in the western part of the Taihang Mountains.
The depth of the circulation ranges from 1 125 to 4 468 m. The estimation of the mixing ratio method indicates
that the temperature of the deep thermal storage of the Tangyin Rift reaches 110 to 160 °C, while that of the
Neihuang Uplift is 80 to 110 °C. The difference in thermal reservoir temperature is caused by the good conditions
of heat and water conductivity of Tangdong and Tangxi deep faults on both sides of the Tangyin fault, and the
shallow buried depth of bedrock of the Neihuang Uplift with the thin overlying cap rock, which makes the heat
energy more easily dissipated. The study reveals the hydrogeochemical characteristics and hydrothermal genesis
model of the geothermal system at the southeastern foot of Taihang Mountain and provides a important basis for
the exploitation and utilization of geothermal resources in this area.

Keywords: hydrogeochemistry; geothermal genesis; reservoir temperature; hydrogen and oxygen isotopes;
the fracture zone in the southeastern foothills of Taihang Mountains
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Fig. 1 The location and geology of the study area
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Table 1 Water chemistry and isotopic values of the hydrothermal fluids

BT B/ (gL ) [l 37 28 P 42/ %0
S IRAkASER pH
K+Na~  Ca®  Mg" cr SO0y HCO;  HSiO, TDS oD 3"
DR-15 Cl-SO;—Na 806 92031 7076 2177 106120 637.50 22132 2506 2843
DR-16 C—Na 801 72783 5846 2356  808.86 367.00 30632 3037 2164
DR-21  HCO,*SO,—Na*Ca 829 8498 6420 3020 3258 17100 28246 2525 547
1 DR23 Cl-SO;—Na 839 61678 15441 565 67032 64144 3521 8047 2106
DR-43 Cl*SO;—Na 807 63834 3357 1490 64203 36075 33201 2506 1875
DR-47 CI*HCO;—Na 770 627.50 2655 945 699.11 23439 33701 2474 179
DR-48 Cl-SO;—Na 7.67 90978 4347 1320 96112 50672 35160  29.80 2634
DR-14 ~ HCO,*SO,—Na 870 28151 8.41 142 11989 17100 33689 2850 793
DR-17 C1+SO,—Na 7.88  1023.64 10880 2196 1191.80 66500 17244 2839 3120
DR-18 Cl-SO;—Na 778 112164 13216  31.82 127490 94845 12051 2616 3591
DR-19 C1°SO,—Na 778 102865 123.65 1423 117832 74532 12185 2815 3028
2 DR20 CI*HCO;—Na 826 51931 1748 538 46528 182.50 35892 3588 1307
DR-22 Cl-SO;—Na 750 102100 12000 2223 116400 83342 16201 5803 3289
DR-26 HCO;*Cl—Na 815 40137 1002 608 24071 20557 47413 1377
DR-27 C1+SO,—Na 760 97000 12224 1397 1087.96 81651  116.55 3184
DR-32 CHNa 715 112027 66.12 1504 136500 50560 25640 2600 3222 760  —10.00
DR-28 HCO;—Na 7.88 43429 1000 653 20480 14630  602.60 1404
3 DR-30 CHNa 711 1309.03 10250  29.07 162800 61210 317.50 2600 381 750  —10.00
DR-31 80,°CI—Na 728 85879 9256 1804  606.00 98040 24420 2540 2699
DR-12 HCO,*Cl—Na 839 29295 2109 928  187.18 10950 43776  29.17 862
DR-13 HCO;—Na 838 26594 635 161 12347 12500 35892 3047 725
4  DR-24 HCO,—Na 810 19425 1102 547 76.57 7253 35025 975
DR-25 HCO;—Na 790 20172 1242 7.53 87.21 8405  353.92 770
DR-29 CHNa 7.60 91550 10938 679 107220 18684 12942 2569 1293
DR-42  HCO;*SO;—Na 824 20891 1587 975 4722 16714 36929 2410 652
DR-44 C1°SO,—Na 756 26742 8361 1170 30505 260.08 160.79 6851 1061
DR-45 CHNa 761 116030 109.50 3230 151980 55628 23358 3049 3518
DR-46 Cl-SO;—Na 750 87202 14490 652 112320 59130 5864 5930 2773
> DR Cl*SO;—Na 795 937.00 11900 463 127460 46623 5626 4462 2864
DR-50 C1+SO,—Na 792 106970 10510 3.58 128820 66416 3667 8515 3216
DR-51 Cl-SO;—Na 786 79030 10290 1120  961.03  472.09  39.24 2360
DR-52 C1-SO,—Na 790 112604 9158 1610 132938 62871 21540 3510 3440
, DRs4  HCONaCa 632 88857 41142 109.47 3935 62775 2716 7475 4857  -748  -10.30
DR-55 ~ HCO;—NasCa 689 79320 48620 14740 58640 59850 2008  67.07 4699
DR-01 CHNa 754 115080 8656  3.17 167430 299.69 13748 2933 3306 7143  —9.67
DR-02 CHNa 772 95798 5377 161 130190 25974 13119 3136 2665  —71.97  -9.85
DR-03 CHNa 793 57881  20.18 161 68167 207.14 19807 2844 1612  -7338  -10.18
DR-04 HCO;—Na 744 33600 706  12.99 5832 157.50 69593  28.03 942 =777 ~10.56
DR-05 CHNa 836 160588 8953 398 215040 623.04 3875 1776 4507
7 DR-06 CHNa 742 176331 15859 530 281460 29765 7621 3016 5104
DR-07 C—Na 770 1819.60 24230 1070 263890 792.01 6834 3380 5608
DR-08 $0,*Cl—Na 790 97809 4770 474 83556 95964 11167 3250 2965
DR-09 CHNa 790 94322 5130 851 131945 27425 12448 2210 2741
DR-10 C—Na 820 54219 1403 243 613.64 24639 16658 3120 1612

DR-11 Cl-SO,—Na 7.93  1098.70 96.60 290 139540 609.50  100.10 3257
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B/ (mg L) [ 28 55 /%o
IrIX i KA pH
K'+Na* Ca® Mg* Ccr Nos HCO;  H,Si0; TDS 6D 0"0
DR-33  SO,*HCO;—Ca*Na  7.78 45.93 59.40 7.34 42.19  144.95 86.09
DR-34 HCO;*SO,—Ca 1122 11713 2275 19.78  118.39 314.56 462
DR-35 CI*HCO,—Na 996.50 11.26 3.17 95690  235.15 682.51 2556
DR-36 HCO;*SO,—Na 447.83 5.61 3.28 4492 266.47 706.25 1157
0 DR-37 HCO;*Cl—Na 904.00 5.01 820  726.16 50.38 874.29 2178
DR-38 HCO;*SO,—Na 335.00 58.10  47.33 55.59  494.85 636.32 1332
DR-39 HCO;*SO,—(Ca 1178 12022  21.79 19.64  123.63 317.85 465
DR-40 HCO;*SO,—Ca*Na  7.50 49.56 80.44  27.19 4761  134.10 234.26
DR-41 HCO;—Na 8.02  136.57 46.33  19.50 17.58 24.50 540.55
DR-53 HCO,—Ca*Na 630 24680  379.00  64.20 79.00  439.00 1310 47.00 2650
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Table 2 The characteristic coefficient of geothermal water and shallow groundwater in the study area
HPIK RIZHT K
FHIE AR AL - - - - - - - B - ; -
1X 21X 31X 4X 51X 6% 7IX 8IX. I'IX mix X
Tt 7 % 92 53 67 54 66 628 42 301 264 130 96
LR 8.18 9.77 4.55 3.27 24.94 0.26 30.05 0.57 0.15 0.29 0.30
HH 2% 2 Al RS XA 28 B8040 i v, ] i) e [ | 0r o sk
S K WX = N REHT K
e S RO T 5K TR 0 4 X 8 A T A 3F op L Rk
B, AE RS AT 1 E A P 1 R (15253, 54, Lol — AEAEALR

8—7, 1 X —INIX —IX) L6 7 H0% i 28 /1, BET Y
PR AT L e A A XF A 98 b S O A S AR R I
Horl 6 DX AL 2 50 SR 5 fE 628, I IROK 2 7
FITAE 1 26 T — YR B 2 A W R A, AR TSR 2L

(2) R R HK

R KRBT LA W K vk AR B, R OB R
U0 e 2 P

HHARH =y(C/[yHCO) +¥(COD] (D)

A y(HCOZ)— Kk H HCO; B 2 70 4 vk i/

(meq'L™);
Y(COT)— KB R COT I B T 2 o Y 5 ik J&/
(meq- L"),

6 X 5 8 X A1k R ECT- (A HE &5 T )2 M T K
328 /N T A 43 X TR 2 b ROk, 32 W5 R A IX R 45
SRAF G, KA AR TR, T A A3 XA RO R
TREEAR S, KGR o B 208, AR B v, MR R R
4.2 FEF R FRE
4.2.1  HbARGRARAN A R R

A RRE AL FR SR — Bl R A I R0, A A R
IR AT L W b 7K A B 3k R v ) b 25 o R R RN 25
. ASSCIEEUT Craigh” # 57 A A BR R Rk 2 05
# GMWL(6D=85""0+10) 5 Huang %" 3 T % [H T 5
ANIK SO (22 BH . Mk, REOK . FBE B /INEE TR ) B R K
I] 37 28 50908 A 37 9 22 BH 24 3t R SR UK 26 7 R LMWL
(6D=8.160"0+12.06) VE N HEHELL .

B 6 FTLLF Y, Toie S v 2 b T K d 2 )=
POk, DA R B HAE A T GMWL 1 LMWL [
I, UEBH AN A R R R KA K . R B Eics B AT B 1
CEHES B, B IOK R SRS R B OR TR E
R K, B E R ME T 60 W& B S A A
HE RS B T K R R
4.2.2  HIPOKHNA AR

KA 6D 60 (23 Wb IE w2 T2 (38 i 5

- = PR AL

—-12 -10 -8 —6 —4 -2 0
0'%0/%0

Ele6 HiT7kH 6°0 5 oD X%
Fig. 6 The relationship between 6"*0 and 6D in groundwater

fi%, X FPEE G PR 2 o0 = RN, e 3 R DN R B 2
TR 38, KRR # iR TR A, KRR K
o Y R RSB A, el DU B R
KB X R T S AR A D 2 = R, DA DU S b
25 I B AR B 0, S Tk RS I S
oD i,
56 —0p
- grad (D) +Hy
Xy -—4M 4 e /m;
So—HEFIK T 5D 1B /%05
Sp——RAREAK T 6D {E/%o0, BURE /K K 3034 2017
AR AR RARPEAKFE S 0D F-HI{H-43.5%0";
grad (D)—— KRS [k H oD FITEAEBEE/ (%0-hm ™),
4 [P 24 {E -3 %0/hm!7;
Hy—RFE S /m.

25 R R W, BESE XN AR AR 25 = A 1010 ~
1153 m, 5 KAT UREHAR T, 45 6 X 3K SCH 5 25 1F,
i U i PR KR R 25 2R R SR R VPG R OR AT L b XY R
K
4.3  TRHERIDE Aok 72
4.3.1 RIEHAEK S TR A

Na-K-Mg — £ &3 i3 6 s 3ok 43 R JE ok L 38

(3



- 50 - 7K SC L T o5 3 1

53 -1 7K RN 58 451 7K 3 Fp 2R A E b IOk 5 o A
40 L 1 P A o Y

H 1] 7 TN, AR5 IX 48 KR 43 b A K Sy 8 431 A
IKEAE BLBOK, A T o8 P i 4, U IE Y
XK EAE R EL, RTS8 R 8 B 58 2 P HPIR S . bk
IR AT Mg i e, F — 25 Ud B PR AR 3 i
PP RE S ERER KR A TIRA. AT 574 Pk
/b #H: DR-05, DR-06, DR-11 ¥JJ& T 7 X, fii T
A Y R i A - B S R A= Wt A
fifh )23 BR85S A B AT, KGR A A TP AR S

Na/1 000

Na-K4%i4k
—————— K-Mg&5ili £k
Mok

K/100 Mg
B 7 Hi#okA) Na-K-Mg =FE
Fig.7 Na-K-Mg ternary diagram of geothermal water

432 TEHERIE IR

(1) HBR Ak b I T

BRI I, 32 B F 0 00 127 B 2 438 W] LAAE Ry
PR . E R AY M ER L2 b R T S 5 B
B IR A A A R M TR

O — A IR

Si0, 7E 7K H RV A i 2 BE 0 pR B, LG BE AR
U R R4, — i T 180 °C IR Gi v, A1 e & 4 il
A T BE AR, ERER B, R TR AP BR
DR-54 il DR-55 47K i BT 100 °C, AUAA7E /D it 7%
TR, AR A4 30 1 2 100 °C B 2875 2 Tk
B 45 1, AR YR A JE 28 YRR 19 1 5 T s A 6 A L
LT/ W

TCAETRBUR A TR AR

1309

Tgo,= —————— —273.15 4
57 519 -1gp(Si0,)

TCARIRBUR 19 BRI AR :

_ 1032
597 4,69 -1gp(Si0,)
s Tgo,— (8 AL RE D IR 57 1 M A A IR
JE/°C;
p(Si0,)—KFEHTY Si0, MR E/ (mg-kg ™) .
@ BH B F T
Na-K i i 1125 b 40K 5 8 1 4 A =2 18] 1 BH B
TRV, A AR S B BRI ZE 500 B I B2 M 50N
X E Mgy IR He Bk, T K-Mg Hb iR
o LRI TR A 5 A O B s B s A
(R 8G F 2C 40 IV o FE7K 5 OB AR &, K-Mg 5 5T 35
P 5 Ry R S T A AR TR AR K T
Na-K #b i it

-273.15 5

1
Tk = 39{)0(Na+) ~273.15 (6)
1.75+1
& oK)
K-Mg Hi 7 it
4410
T = 27315 @)
14.0—1g 2 z
p(Mg”)

e T Na-K i 1 HE A R ARTEE °Cs
Tine— T K-Mg M 15 A bR AR o C
p(Na)y—KFfEH Na' (5 TR JE/(mg L)
p(K)y— K e K B 7R /(mg L)
pPMg>)y— KB Mg BB T /(mg- L) .

TR 3, 85 REW, A et R

TS5 5L B 0 F M A SE PR KK, AR IR 25 5%

® 3 MARAREGERERS MR E

Table 3 Partial thermal reservoir temperature estimated by

geothermometer
ik IR EE/°C
I ;

’ MRE~C Fi ER Na-K K-Mg
DR-01 54 78.48 133.03 69.16 65.96
DR-05 52 59.04 107.31 70.39 71.78
DR-09 50 67.24 118.11 79.44 56.67
DR-10 43 81.03 136.44 72.54 54.39
DR-22 70 108.89 174.17 132.36 74.03
DR-30 52 73.60 126.54 104.06 63.25
DR-42 40 70.60 122.56 95.85 33.29
DR-48 47 79.13 133.90 75.33 49.10
DR-49 63 96.57 157.38 122.53 86.47
DR-52 54 86.00 143.11 90.00 59.28
DR-53 46 98.95 160.60 281.44 74.76
DR-54 118 121.56 191.63 707.12 147.90
DR-55 103 116.03 183.99 683.23 138.04
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Fig. 8 Silicon-enthalpy diagram of some geothermal wells
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Table 4 The circulation depth of geothermal water
in the study area

R PR K AR B

AR T EEeC BEPC (Chm)  Wm
DR-43 1127 43.1 40 2.20 1268
! DR-48 1270 49.1 47 2.50 1354
DR-22 1300 74.0 70 4.24 1394
2 DR-32 1430 64.1 55 2.79 1756
DR-28 1200 523 49 2.82 1317
3 DR-30 1400 63.2 52 2.63 1826
DR-12 1 000 43.1 40 248 1125
4 DR-13 1400 55.1 52 2.63 1518
DR-45 1401 55.5 40 1.76 2282
> DR-52 1378 59.2 54 2.82 1562
DR-54 3276 121.5 118 3.14 3387
6 DR-55 3318 116.0 103 2.65 3809
DR-01 1 600 65.9 54 242 2091
’ DR-05 1504 71.7 52 245 2309
8 DR-37 1530 76.25 57 2.77 2234
DR-53 2302 74.76 46 1.33 4 468
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Fig.9 The conceptual model profile of geothermal water formation in the study area (The position of profile is shown in Fig. 1)
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