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Abstract: This paper is the result of geothermal geological survey engineering.

s BHA:2021-05-29; BB HH# : 2021-09-23

EE£TH : BAEE S LTE (2018YFC0604302) FlH [ 1S iH 45 J5 15 H (DD20189114) B A %e Bl

TEBRAN IB— &, U, 1984 44 1 g T AR, 32 2S5 M I /K SCHL R SR SR ST 5 E—mail: xingyifei@cags.ac.cno
EER 24, 22,1988 4R, i, PR, S S Rk SCH AR DCRIFSE TAE ; E-mail: lijie_Im@163.com,

http://geochina.cgs.gov.cn H1[E 1T, 2022, 49(6)



1712 i 5] b J 2022 4F

[Objective] The hydrochemical formation and evolution of the geothermal water in the Xiong'an New Area have great significant
implications to understand the formation mechanism of geothermal resource. [Methods] Geothermal water and cold groundwater in
the Rongcheng uplift, Niutuozhen uplift, Baxian depression, Baoding depression, and Gaoyang low uplift were sampled for
hydrochemical analyses. [Results] There are two thermal reservoirs: Sandstone and karst thermal reservoirs. The main
hydrochemical types were Cl- HCO;—Na and Cl—Na. The TDS values of geothermal water increased with well depths. Mixing of the
geothermal water of the Wumishan Formation and the Guantao Formation was observed in the fault zone. The metamorphic
coefficients and desulfurization coefficients of geothermal water in the Wumishan Formation were low, indicating a relatively closed
thermal reservoir and reduced state, while the sealing of the reservoirs in the Guantao Formation and Minghuazhen Formation was
relatively poor. [Conclusions] The chemical field of geothermal water in the study area is controlled by the extent of water—rock
interaction, faults, the sealing of the reservoirs, and so on. Our result is of great significance for understanding the geothermal

resources in Xiong'an New Area and promoting clean heating in winter in northern China.

Key words: geothermal water; water chemistry; reservoir sealing property; geothermal geological survey engineering; Xiong'an
New Area

Highlights: Chemical field in the geothermal field of Xiong'an New Area was described with samples from nearly a hundred wells.
The extent of water—rock interaction and the sealing of the reservoirs were emphasized in affecting the chemical field of geothermal
water.
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Fig.1 Distribution map of sampling points
1—Quaternary cold water; 2— Geothermal water of Minghuazhen Formation (Nm); 3— Geothermal water of Guantao Formation (Ng); 4—Geothermal

water of Wumishan Formation (Jxw)
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Fig. 3 Distribution characteristics of TDS in geothermal water of different strata in the southern area (a) and northern area (b)
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Table 1 Hydrochemical characteristics of each unit (average value)

AT = R m Fi/C pH TDS/(mg/L) KA A
P E’jﬁm il 1924 53.1 8.30 2392 Cl-HCO:—Na 7%
P 1537 435 8.52 1632 Cl-HCO,—Na fil CI-Na
Zk A 1587 66.6 7.44 2582 Cl-HCO,—Na 7!
AT TR 1695 47.1 8.53 2573 Cl-HCO;—Na fll CI-Na %!
AL B AH 1350 52.0 8.63 1010 HCO;-Cl-Na 1 Cl- HCO,—Na %!
ZRRIIA 3350 97.0 7.84 2915 Cl-Na %!
FELIUIRE B Wi . 2445 61.8 8.53 1115 Cl-HCO,—Na %!
AL B 1970 55.8 8.94 564 HCO;-Cl-Na #1HCO,~Na %4
TRSE 116 TR 1838 60.6 8.16 5683 Cl- Na flTHCO;- Cl-Na !
e Zekilid 3480 78.0 8.26 1457 Cl-HCO,—Na %!
T e 2. 1934 66.9 8.45 1082 Cl-HCO,—Na fITHCO;- Cl-Na %

http://geochina.cgs.gov.cn H1EHLFT, 2022, 49(6)



494 o

TH— QA BT X PR A A~ S R S el DA 3R A

1717

4000

——1
3500
-1
3000
2500
8
5 2000
= 1500
e
1000
500
0 —n
Na~ Ca> I~ SO HCOs™ COs
4000
—3
3500
-3
3000 3
5, 2500
& 2000
=2
7 1500
[r=4
1000
500 k‘ &
0 ! n _-'/\3_
Na© K- Ca* Mg* CI° SO# HCOs COs~

B % 3 1l 4 Wumishan Formation (Jxw) @

Jii BRI / (mg/L)

Ji i 1/ (mg/L)

T [ 21 Guantao Formation(Ng)

4000

——2
—-—2
3000 r 2

3500

2500
2000

1500 |

NIWAVN

i L]
Na* K* Ca* Mg* CI° SO+ HCOs™ COs*

1000

500

4000

3500 5

3000 €5
2500
2000
1500 r
1000
500 f : : 2
0

Na® K* Ca* Mg* ClI° SO+ HCOs  COs*
A 1L 14 Minghuazhen Formation(Nm)

Pl 4 HBOK s vk
I =250 A s 2— AR SR ; 3— T B VTR s 4— DA M1 5 S— i PHAIG ke
Fig. 4 lon concentration of geothermal water
1—Rongcheng uplift; 2—Niutuozhen uplift; 3—Baxian depression; 4—Baoding depression; 5—Gaoyang low uplift

X (P 5a) , HoAE B 4 0K SO -2k BE 43310
14.9 mg/L 7.8 mg/L #118.3 mg/L, % 2 1L ZH # FHok
B 22 KB SOL> 7 1 it BRK G TG 0 BR 155 4
TRERZE o L 4 Mo #K B AL TR REh 7 4% , Rk
N KB R AR SR VR D o R B, AH X 38 Y A
5, B AT IR & AR, S80S0 & =R,
A4 5 1101 g A 1 ARG o e B K T SO B B AR X 4
i (EISb) o PR MR TR P 2 SO, SF- 34 Ji vk i ok
70.1 mg/L; /= FEARR ™Y & 1 B 4 b oK i SO P44 15T
HVREE 77 mg/L, AHXT A XA . 55 2k 11 4 b
POKFEA AL T 2(Ca>+Mg> ) =HCO; £k I J5 (Liu et
al., 2020), i —2L UL T AR RRAE 0O FETE . TEA
MURRIRUE S 54 ﬁﬁfm%m¢M&nﬁﬂﬁ
AR HLS , DT 35 A 55 28 1 40 b FRoK Fh HCOy &
T, IR —E & ALY
4.3 HFIRIKEHE R EL

T 7K AR RERE B VR BE LG R T MR KRR
B RKCEVER, 38 3k 3 AT B8 VR B L LAER ST A

i BRIK () SR VR PR I Bt R (2R HEAHE 4 2021)
ﬁﬁ%ﬁwwmxﬁu%%ﬁﬁﬁmﬁoﬁ@ﬁm
FNEARTTRUK R B FIE R 0.85, B dh b2 % ik
TKAEZ R 1(ZEE4E, 2015), BF9E X HbHK i, Na' Fll
ClF i3 5 e , 28 T R A KT 0.85, T HEBRAF
5% IX. 1l FR KU A DT AR KA H 5 R AL (T B 2#
2019), %%m&ﬁ%m$,,ﬁ§ﬁ@@

1.06~1.79, F-21H 7 1.19; 4 B 2H s FhoK v | A% %
BIEHE A T 0.84~7.34, F- 11y 2.24; WAL A 4H Hb,
POk AR BT R EG A T 1.22~14.77, F BE N
7.06, 55 VU R T K348 6.67, HI MK AR i 22 4L
PIRT 1, Ul BB FT DX M BK (8 #2500 5 5 RS R
KA (L PESE, 2018), TEZSIL 2R DE4H
Iy L B U R BEAIG RS, 55 2 L 2 M AR AR
JR R BCE YA 3 1.17 1,16 ,1.07 F11.43 , 1F K 21
H BROK AR 5T 2R BB 408 1.72.1.34.1.97 Fl
2.97, [A]—Ha 1 BT PN 55 2 L A EAOK ) A8 T 2R 5K
FEXHAIC PR B 2, U BH 25 2 LU 20 b 3K 7 A b 2 27

http://geochina.cgs.gov.cn FPEHLTT, 2022, 49(6)



1718 i 5] b Ji 2022 4F
500 @ S
(b)
400 400 [ o)
&
?%" 300 o sun |
NS B}
o E
S 200 = 200 F
- 2
L. | |
100 . 100 “ LN ]
.‘ ‘. ‘ ...
0 0 1 " .
0 1000 2000 3000 4000 0 1000 2000 3000 4000
3 /m F % /m

B % 2k (i 2 Wumishan Formation (Jxw) ® %% [ 41 Guantao Formation(Ng)

A B {4 #5244 Minghuazhen Formation(Nm)

5 WFFEIX R AR (a) AL R (b) SO H RN R
Fig.5 Relationship between SO, and well depths in the southern area (a) and northern area (b)

BEACT B . Al 6a i, S5k L2 Aok i yNa/
yCUELEAR/NTAE P2, H yNa'/yClBE Cl Ry ik i 1
TN

J A% 220 100xySO.> /yCL A LU i H R /K 84k
W JRIREE , BT R B0 /)N | B BT 7K A58 B A
(FKHAAE, 2014), Q& 6b fiom , iF 5% X 35k L ZH A
B 28 3 H K H 100x 9SO /yClL FU AR Bl CL e B 16 4
Tivs /N o BT X 55 2 1 20 b BROK G A 2R B0
PRERAG, 283t | A e R 0 a5 2L T3 55 2 1
i, fa G ST MK R R ECN T 0.01, BEH Hb
FRORAF 3530 SIS, v FEATR ™ e 25 1L A I 2R

8.00
(a)
7.00

6.00
5.00

4.00 g

=300 [a

at/yCl

N

2,00 |&
1.00 “

0.00

0 2000 4000 6000
Cl' /(mg/L)

M % 2% 1l 41 Wumishan Formation (Jxw)

8000 10000

100x7SO,2/4CI-

#I'\"SJ L =

BOV- A 1596, S W P PRI X 3 22 |, 456 i
SCKAR 2R HRAE A4, 022 2 b BAOK 55 3 5 H F 7K
KERSE

7 DX P 2H b B K, B 2 5 A3 LA T
0.00~134.07,, H: i 2538 ™ Al | 48 G 4 ke A g L]
AT M8 3 R 6.65.1.22 F15.82. 445 M1 T W
20, TDS {EAR = 5 3t Bk Xk 7 (4 JE A7 28 B3 1%, K
53/ INF 1, B Z A M K b —F A X P LA T
FOFREE . 1o BHAR R b P 2 SP- 3 (E A o 37,53, 3¢
FIVERS 2 . BB b oK b R R BGE B T
0.01~98.82, I Jy 37.03 3 55 U Z2 4l T 7K i R %4

160.00
140.00 -
120.00
100.00
80.00
60.00
40.00
20.00
0.00

4000 6000
Cl' /(mg/L)
i P9 4l Guantao Formation(Ng)

0 2000 8000 10000

6 HiPuKyNa/yCl (a) . 100xySO /yCl (b) 5 Cl K £
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Fig.7 Conceptual model of hydrochemical mechanism of Xiong'an geothermal system (modified from Cui et al., 2019)
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