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Abstract: This paper is the result of hydrogeological survey engineering.

[Objective] The geothermal resources of Jizhong Depression are rich. The distribution characteristics and risk assessment of
fluorine in geothermal waiter are of great significance to the development and utilization of geothermal resources. [Methods] This
study takes the geothermal water in Jizhong Depression as the research object. The distribution characteristics and enrichment
regularity of fluorine in geothermal fluid were studied by analyzing the hydrochemical data of geothermal fluid in sandstone and
carbonate reservoirs, and the quality of geothermal fluid was evaluated, and furthermore some suggestions on the development and
utilization of geothermal fluid were put forward. [Results] The results show that the geothermal fluids in the study area are mainly
Na—Cl and Na—CI-HCO; type water, basically alkaline water, with high fluorine content. In particular, the concentration trend of
fluorine ion content in the geothermal fluids of carbonate reservoir is 7.5—9.5 mg/L, and the highest is 13.9 mg/L. Weakly alkaline
environment, water temperature and water—rock interaction are the main factors affecting fluoride ion enrichment in the study area.
The F~ concentration in sandstone geothermal reservoir has a significant negative correlation with Ca’”and Mg’" concentrations,
while the correlation is not significant in carbonate geothermal reservoir. Fluorine enrichment is controlled by fluorite and other
fluorine—bearing minerals. Fluorite saturation index of the geothermal fluids in sandstone reservoirs is all less than 0, while fluorite
saturation index of the geothermal fluids in carbonate reservoirs with higher fluoride ion concentration is generally distributed
around 0. [Conclusions] The high fluorine geothermal fluid in the study area cannot be directly used for drinking water, farmland
irrigation and fisheries. It is of great importance to solve the problem of fluoride removal in geothermal tail water at the situation of

conducting gradient utilization of geothermal resources in the study area.

Key words: fluorine; groundwater; defluorination of geothermal tail water; carbonate reservoir; geothermal fluid quality evaluation;
hydrogeological survey engineering; Jizhong depression; Hebei Province

Highlights: This study systematically analyzed the distribution and enrichment of fluorine in geothermal fluids of different
reservoirs in Jizhong Depression, and the quality evaluation of geothermal fluids was carried out. Furthermore, suggestions on
geothermal fluid development and utilization were put forward.

About the first author: LI Man, female, born in 1985, assistant researcher, mainly engaged in the study of geothermal geology and
hydrogeology; E—mail: liman@mail.cgs.gov.cn.

About the corresponding author: WANG Guiling, male, born in 1964, researcher, mainly engaged in geothermal geology; E—mail:
guilingw@163.com.

Fund support: Supported by the project of China Geological Survey (No.DD20190555).

1 5 &
S A PEAR SR AR TG IR, A N T2 T
RKZ—o BHEAERLFTFHHEITCRZ —,
ST AR 1 DB 1 A K FE G B (R U bR
25| RARZ [ (AT AR A% ,1996) o Hh [ (A TR ik
FH/K BAFRAEY (GB 57492006 ) HHARAE 1 FRL MR BE A
HUET 1 mg/L, 5 T A 2040 (WHO) BLE K &
SR R PR R 1.5 mg/L,  F [ e I I /K b
#E) (GB 5084-2021) R 4 HIFE WK SiAb ) & 1
ANHER T2 mg/L(— B IX ) A1 3 mg/L (55 B HBIX ),
rh [ (ol K bR 7)) (GB 5084—89) H A AE Hinll
KK BT RACY) & EEARE R T 1 mg/L,

H ] AR T, A A A R R R
FRZ b %) b PR U it B, R Hb PR R R T R ) i

KATHEIX, URR 7 M A 2 2 o A AE DORR K HL
GRS LR B DUBUZ 3 X (IR A% 55, 2019 F 5735
FV#E SCHE,2020) o FE b b XA AR DL 2,
AR R T  BA T Sk K
KTy MIESEAR S, R T & A (R A8 845, 20135
T U FY R SCHR,2020) . BERIERIA, R HOK B
AU IE T R K R R K R SR TR
3~10 mg/L, R)ZHIK & it MBI R AR E | bl A 4
TKIE BRI ) 11 b o b BR 27 P85 25 1 22 Ak i
Beoh (B3R, 2007) o H [ MG IR FF & A B 7E H
W, E R A AT R A R LR A R AR
AP T R A B IX, EE T A — i SR VR — il == A
I FH — I 5 F K 0 8 9 R A = ( F 5 38 4%
2017a), T3 B i DX R PR AR Vi J 2k 22k
R RK, HER JS 7 AR Y SRR K T BB A e —

http://geochina.cgs.gov.cn H1[EHLET, 2023, 50(6)



%504 ol

25 A B PP O Ml DX FAOK SR AR R A S HEXURS A AT A T A 1859

R . VLS R oK & U B AT T
T (B2 3L, 1986 ; I MRS, 19965 11 4E#:55, 2010 BX
W42 .2019) ., Guo et al.(2007) FRHEFHZ5(2009) (Fh
210 A5 (2015 ) X 74 6 i X 3HL 750 1 0 P sy 3600w F
17 TWRSE, JT 48 T Ml 3% K HE TR A 1458 52 i [
B, TR AT AR (2021) X 3 7R b Hi DX I 3t X 3 7Y
R G R R B AT T RS R K AR
FH 55 580 5 A S PH B8 73 40 42 il e R
POKBFEZHNER . KHEIC X 5 BT K A58
B2, W I (1995) AT 4% 54 45 (1996) | fi] #3 4F
(2010) JHBHNHEEE (2012) 43 M7 T A2 1 JFE 2 AR
JZ20 LT K BB AR A AR ST Bl A
B | SR =1% W & i I P (E N = N1 DS B2 % i R
K AL B IT B M R 22 FRERR A5 (2019) $2 1
T AL ST T R i K AL By i, EAER %
(2019) 4 T AR RE HHOK T BRI
AR AFE AR R BOK R IFIE N 4 T
XoF b EATK TSt 3 A7 A 1) e S R 3 2ot A3 B
I8 B D A A R R 3k 7 A B K A 22 R AE | 48
TNESE XS T 1 43 AR FRIE AN B SRR , X TRIF ST
DX R KA T FE &R AT PR , 38 H 3 R 3
Hiu DX T AR T A A 1 v R K Ak By vk
L, IR 55 T3 v I s DX R R & A

2 WFSEDCHB TR

FEIFA PR T L, AR —k B—aXom
—28 , JL I BT K% X, B Al A gk . redb K
300 km, 4 74 9 80~130 km, [ X 28400 km?, £.45% 7]
LA RBRYG e eI A FREREK S A HIX 424
BT, DL R4 R R Tk X 4

SR 6 X A DU 0 M )2 7 55 X, Ak
HEAEF I AGER A F Sk R—Adt A e (— ke i
BATT) AR, A i BT s T A db fli B (e 4 )
Ko W& Iy b A AR %2 08— KA T L AR N 3 L
WL R S KARER A

S 32 R RN A A M TR IR X
AIHEAL R el 55 )2 )2 PR B R A 3 2 R
e AR G . 50U R R 100~640 m, 451454
PAT, FLBRBE R, S btk 22, AT R A9 DR e A1
MBS THERZ BT R 52, T
e AT VR EG )2 AR R AR R . PR

K B L Mg FNERES A 2 s TR M A
(] PRI T A% S S 22 R e 58, g T b R AR 1) R 3
WIE . IR E BAAR Az | 9 DY 2R i
JCEEHIW ., EEA 40 PGEZ B R WL
I Z BT R P2 FER R — R R
Pfitt )= Ao Tl SR )Z T IER R — R R
A Z RO T AR H B R F IR
it )2 AR IR h 5 A0 2 (PR EE A, 19885 BRI LA
2013; F 5t # %4, 2017b; Deng et al., 2022; Lin et al.,
2023 ; 7B HIAE,2023)

BT R AP A A BT R A B LS I AL AR
I IR P AL . PR IR 2 E X N 3412
3, WA B 1l )2 R — B 7E 600~800 m, 2
)2 bR LA B A TR 5 AR A, IR X
PR TR B /N T DX AV JRE R 5 A g 2 AR i TS Al
TR — M 1400~1600 m , H1)JZ 51 A 300~600 m,
Pk R A R AR D S R D
A

IRTREh A A4 - X R IR R A Pt U FE 2E ik R
— R R ALEZ R T AR . BRER—
TR W) 22 TR 25 A A A DX N R X, A AR
R M T A T I A RS 1 4
AR, FEAL 50 KA1l , HE TR AT 2K 2000~3000
m, PR R TET AR H)ZZ T AT T2
DL IR A=A KA IR K S F ool
T B — K I 2R 55 2 1 2 B AR b X AR i iy
LA Z 55 2R I I 2o A A AL T R
BT —a, #IR 800~2000 m, &L JE FE 300~
1000 m D) B, K0k 5 P fi 2 = 00 A T 2R BEAE )
[i) 455 1l JEE B 420~980 m, 5 M A K 6 1 2 fA R
FERR/ Y o

S BT AL AL A R AR b B &
JEE R G AR BT IS L, P 2 RGBSR S
I 2H %, 34 B D) Fl B O — 2 g o 5 T I i 2
B, 33 3 b 5 I B TR (%) < v Y T S TR B T TR
W25 LS E A KRRSG, H NI
EEIKRGE, P I a xR AR IR G (F R
FHE SCH,2020) o AT AERLOCR 525 2B i A
it 2 55 (PG ALTR L X L A HR R M 3, D) 4%
ZRAPEKREING | SR TIBUK A IR AL T 2
KAREK TR, W T A DX PR 2 5 DA s B 1)

http://geochina.cgs.gov.cn FE LT, 2023, 50(6)



1860 i [

b, Ji 2023 4F

TIKIK SCHB IR BE (R B, 1988) o HEA UK Z LU
KB AN B ESEAE R K, 767G 5 A pa L
PRI A BRER 1L X 42 4R SR 5 Ve PR I AR
KRG B A R w4, B R K,
] ) 48 7 25 7 5 1) R e (R 7 LA, 2013 Hy i
4 2020)

3 FEMCRESIIR L
2019—2021 AE7EWF T [X R 4 Hb PO (AL 2

102200 SRAE R MG T RSP B AR F il
AR S T 2 A BR R A e Vi = (181 1), A 475 R [

TR 5 B M1 DR TUTE L Be BE T (b T R
IR R TUTRG AR K MR R EE R =i PR
RSN AR AR AT R R
BRI S Hpaba A I ARE 28 41, kTR
R A A A TRAARE S 74 40

KA PERL 500 mL 3R 2@, BOREf5 , I pR 25
FEE OB BT, T 2 A sE i, KR
pHAE I , /KA 534 FR E SR BE IR M T 7K
W SR K B PR W) v S 56 2= EA T 5, 9T B
B RHH ICS—2100 W AH B+ (A3 4 74381, HCOs
FICOS SR FHRUFE 78 70 2 1 A TR A

b PSR A ,
— 1 Sampling point of sandstone thermal reservoir

TR h o #Af Z HURE 2

Sampling point of carbonate thermal reservoir
152
=4
Fracture

D TR Eh o TR IR

Roof burial depth of carbonate reservoir

P 1 BRI BRI o TOUCHE TR S A i R A 401 ]

Fig.1 Depth of carbonate rock roof and distribution map of sample collection in Jizhong Depression

http://geochina.cgs.gov.cn F1E M1 T, 2023, 50(6)



250 4 4 631

25 A B PP O Ml DX FAOK SR AR R A S HEXURS A AT A T A

1861

AR IKALZE B 50 B 2 A R 50 e 4 2k oy
ok fb2=257 | 32 F SPSS ., Aquachem (7K £k 2725 7l
43471 ) . PHREEQC (1f Fl48 #3154 ) Fil Excel 55 1 {4
AT KA 2B | 32 JH MapGIS #2122 I A TS
R R A A 6

AR YGRS B CH ARG R PPN Oy
2 KA AR ) (DZ/T 0331-2020) (9 4H B3R i
5o H AR 3 R K A B i A 36 TR 7K 1
AR E) (GB5749—-2006) , T FHAT SR 7K 7K 5 PFA 4K
I R AR 577K ) (GB8537-2008 ) , 4% HH 78 18% 1]
IKIK DA 1K Al A FE T 7K 5 B 7 ) (GB5084—
2005) , ¥l FH 7K K BT A 44 4 el K 5 b o)
(GB11607-89) ,

4 HPAGR AR TR S A AR
4.1 MR KL F4FE

FRJ /K R A pH AR 2R L B (1 2) o JKIR A
W0 A B TR X A Ky 45~68°C , H N {1 A 53°C ; Bk
1A Ak KR 4B P IX 8] A 60~80°C , H A (A
66.8°C , 1 21 4 48 v F B 4 MR X 0 . pHL (R 93
A b i B 3 Rl A 7.92~9.04, FE X JR] Ny 8.1~
8.5, HHV{E Hy 8.18, 43 i AHI X4 Hh 5 ik iR &k 5 #Afils
pH{E L 6.44~8.5, S X ]2y 7.4~8.3, i {E
H 778, S ATAHRT S, BT HEA AR 2 40 R
PEAK, HARAEAR T R i K o

FRPEET 51 K 43253, R H Aquachem K14
JITA AR 11 BF B 2 1485 31 Piper =R IR (K1 3) I,
FERRYE AT H SR I K Al 2 T 22 (8], AR 58 25 51

100

IR A AAE I K A4 2 2 24 Na—CI1-HCO:s ,
Na—HCO;—Cl,Na—HCO, il Na—Cl ! , H:H Na—Cl—
HCO, BUHEFIK (7 LEARXT S 155 (39% ) 5 kR R HAi
(9 7K Ak 27 25 U 32 % L Na—C1 Fil Na—Cl1-HCO; 4
F (O 46%F135% ) o BFFE X AR 2 2R s b AR I A
IR R 5 2+ b AR R 1 DL 34 BH 5 7 Na™, flL 3B
B A CIHIHCO,  Na' & i £ 5 .

s o H R K K A 2R AE FD AL 40 R A = A
B RHLE, IR L KABEAK AR A4 B AE
Mo a2 Gibbs Bl T /3 Ao (K1 4) , Bl i
TNRD A I AR £ A KRR R TR A A
HFNZE KW 4 Ve S el i, B9 IX i b o A i )2
FIRR PR R P At )2 MR 3l K, 7K A A S A
FEEHIFE ., N TS ZE LR AER 1)
SN, 3 33 Br A CL I AH I SE R EAT40 0T, Br 11 1
BRAVAAVE TR CLAHE , Br (976 201 5 SEFR AT CL
YA, 78RR rp, Br AT CU— AR D,
A SRR Z /) Br it ARNHALS W s T, $hoe
(¥ ik 25 30 CLU/Br LU Bl A5 S0k B i 385 i i
I H 228 & i B CU/Br FU (AN 204028, 1
FNER A IR F AN A 1k (A, 2015) o Bb 7 #ig A
BRTR £ 5 i v Br 1 C1 R AH SEPEAR 1 (18] 5b) , T
H CI'5 Br/Cl i LB G R B F (8] 52) B % CL
WRERIE AN, Br/CL A T R, Bl T 122, Horb ik
i b AR A I I, DR R P e v A B R
Aith |2 52 B 78 e v AV 2 WA, 1T nT B 2 44
fitt )22 il BE R o R 78 R W4 VE o TR AT A
N KA YRAIE 5T DX D 5 A B TR k25 A fi b A0

80 =

40

20 =

pH

9.00

8.00

(b)

6.00

W a #A i
Sandstone thermal reservior

R B

Carbonate thermal reservior

WAL

W E
1 Carbonate thermal reservior

Sandstone thermal reservior

P2 BEFE XKL (a) Rl pH ARZK K (b)

Fig.2 Temperature (a) and pH (b) box diagrams of water samples in Jizhong Depression
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Table 1 Description statistics of F~ concentration and pH in geothermal water
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Table 2 Correlation analysis between F~ and other ions
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Fig.7 Plots of F~ concentration versus sampling temperature (a) .Ca> (b) and Mg** (c)
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Fig.8 Relationship between F~ concentration and fluorite (a) or calcite(b) saturation index
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Table 3 Statistics of water quality of geothermal exploitation and utilization
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