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Abstract: Based on hydrochemical characteristics and existing environments of low to medium temperature
geothermal fields, the authors revealed an obvious difference of the mixing lines from Quaternary groundwater to
Wumishanian geothermal water between Niutuozhen and Tianjin geothermal fields. The water-rock interaction
between high temperature geothermal fluid and carbonate rock from the Ordovician and Wumishanian Formation
(OAWF) geothermal reservoir may cause 6'°O shift. The geothermal water from the Minghuazhen and Guantao
Formation is formed by mixing with Quaternary groundwater and geothermal water from the OAWF in
Niutuozhen. CI" and HCO; of the geothermal water from the OAWF in Niutuozhen increase with decreasing
SO; (0.20~1.30 mg/L), which is obviously lower than SO;” (273~394 mg/L) in the geothermal water from the
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OAWEF in Tianjin, indicating that the sulfate reduction has occurred in the geothermal water from the OAWF in

Niutuozhen. The process of sulfate reduction could enrich the 5*H of the geothermal fluid from the OAWF in

Niutuozhen by releasing H,S. The hydrochemical and 6°H-6'%0 characteristics prove the relatively reducing

environments and weak hydraulic connection with Quaternary groundwater for geothermal water from the OAWF

in Niutuozhen. The geothermal water from the OAWF in Niutuozhen has also been mainly recharged by lateral

infiltration of precipitation, whereas the geothermal water from the OAWF in Tianjin has strong hydraulic

connection with Quaternary groundwater and has been recharged by vertical and lateral infiltration of

precipitation. The geothermal water development in Xiongan New Area and Tianjin has great potential. However,

researchers must adhere to the principle of paying equal attention to resources and environment in the

development of geothermal water and ensure the sustainable development and utilization of geothermal resources.

Key words: Niutuozhen geothermal field; Tianjin geothermal field; hydrochemical differences; hydrogen and

oxygen stable isotope; environmental significance
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B 2R BOK BT AL R 1.01~2.00 g/L, Cl ¥ &
106~482 mg/L, /KJEIEFLL Cl - HCO;-Na HIN F;
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HCOs-Na Y %y 3 W fk 5 20 b 38 K & 4k B 2R
0.56~1.43 g/L, CI ¥ J¥ 20~573 mg/L, Kik2¥2EmILA
HCO; - CI-Na #l Cl - HCO;-Na %Iy ;B 2 3k
KA R 2.21 g/L, CUEE R 968 mg/L, /Kik2#
ZAIA Cl - HCO5-Na BY; 253K [ 20 i oK B4k B R
2.82~3.00 g/L, CI ¥ & 1 110~1 400 mg/L, KAk2a2k
RIS Cl-Na, Cl - HCO;-Na i}y 32,
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PRI S 2 6 B M A HH 25 28 1 20 2R OK 4k i 3 AR [F TR A 2R (] 3). BRILZ A8, ANEJZ DL
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TR ACBEFEASAE Y, BT LB R T PRI A 1l R 7K Ak B b PRARTR S W S8 (181 3) o P AR o —
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POKF Y SOT FEE/N, v F 0.20~1.30 mg/L, B
/N T R b P 25 2K 1L 2H K B B 2R Bk R
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Table 1 Hydrochemical data and isotopic composition of the Groundwater and Geothermal water from diffetent aquifers

G sk K Na* ca®  Mg* CI'  SO¥ HCO, M Sio, TDS Lk e g0
Y K/(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) K /%o /%o
T35 Q  1.00 22500 1423 880  77.00 67.50 42560  13.34 792.0 2140 H-Na -75.12 -10.11
T34 110 246.00 923  6.89 123.00 68.93 384.00  25.23 885.0 22.50 H-Cl-Na -77.65 -9.91

Q
T48 Q 0.90  317.30 10.50 830 205.60 186.50 360.00 14.50 909.1 24.00 H-Cl-Na -71.50 -9.19
T4 Q 3.62  255.50 19.20 834 21355 94.80 343.10 24.70 766.5 23.50 H - Cl-Na -74.80 -10.39
T26 Nm 1020 427.90 12.20 1.65 256.20 209.30 514.60 66.00 1572.0 79.00 H-Cl-Na -71.34 -9.40
T25 Nm 1220 454.80 14.80 1.85 299.50 24320 498.70 66.90 1593.0 79.80 H-Cl-Na -72.12 -9.21
T33 Ng 1920 457.80 21.93 5.52 311.50 22250 619.50 27.80 1469.0 64.00 H-Cl-Na -72.98 -9.32
T23 O 7730  425.60 30.60 9.20  369.50 334.60 421.30 75.40 17350 98.00 Cl-S-Na —-73.00 -8.94
T24 O 79.20  444.50 33.50 8.78  324.50 297.70 406.70 79.50 1722.0 96.00 Cl-H-Na -74.00 -9.00
T22  Jw 72.00 486.00 36.10 14.60 417.30 338.60 390.50 66.50 1871.8 80.50 Cl-S-Na -66.10 -8.60
T43 Jw 70.00 545.00 46.10  12.20  517.60 374.60 372.20 56.50 19942 89.00 CI-S-Na —67.40 -8.63
T32 Jw 7750  483.00 32.10 13.40 437.80 350.60 396.60 64.00 1855.0 85.00 CI-S-Na —68.40 -9.12
T27 Jw 78.00  380.40 35.00 9.30  352.70 273.90 408.80 74.00 1612.0 87.00 Cl-H-Na —66.70 -8.61
T29 Jw 88.00 423.50 35.10 9.60 35250 293.90 392.50 69.90 1678.0 96.50 CI-H-Na -68.10 -8.84
T28 Jw 73.00 561.30 41.10  14.60  534.20 396.80 377.30 55.50 2049.0 83.60 CI-H-Na —68.50 -9.21

T Q-EB U Nm- i R WIMLIHAL; Ng-#r i R IH M 4L, O- BRI & Jw-Bi 2L R SE Rk 1L 41
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Tl L s A P ik s I A S TRk FHK (B R 2 46,
2007) o A Ay H Pk ) AR B A R R T b P R R A
P& ML T 7K SiO, &i/hF 30 mg/L., H#UK Sio,
FEAFNT 30~90 mg/L(K 4).

ME 4 FTLLEH, UK Sio, &5 S5EE A
A WA EADCHE:, BEER RIS, Si0, & &
WA, Bk 111 4 R SR R R s EAOK IR BE R SO, it
PR S T RO, AL Si0, & & H e NI E e brds
ANHHUKIEE . MWIE S ATIE 1, sk g Sio, &
SRR I ARG, R T IR R IR
W 2H e IR AR AR B OK b SiO, 7 5 32 T EE 52 i A,
[ 4232 B ZZ 2k 1 ZH T SiO, &t H UK IR A KI5
W, &5 HSEZR AR s s IR AR . (R
O, MoK LR &, XA Si0, & f AR EE
WA
2.3 SERTERMEAMFFIE

WEEAAL 2= T oK sE, BRSNS 2 U
iR Z W58 7l (Wang et al., 2013; Minissale et al.,
2017), AR AL R4 AE UK . R K A
FENTHNR A KR A2 7E B LR 0 X5, YR M
POK 5 HERE DU R T KR AETR A, MR KA
o W7 2 4 a2 2 Hb oK 52w, R 2R B
THEMIRARE. B 6 Rl T Bk R AREKL
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Fig. 5 The relationship between salinity and SiO; of the
groundwater and geothermal water from different aquifers

GMWL(Craig, 1961). 2~5¢% i 78 Hh X 1) KR IK
£k LMWL(N)(Wang et al., 2013)F1KHE 24 1 19 RS
FE7k 28 LMWL(T)(Pang, 2000).

mE 6 Bk, FIpdE I H Y R . L
HROK B8R 55 DU ZR b 7K AR R, 28 500 A R 4
TEAE T BRI GMWL [T, WA A #
fith )2 B b K RN 3R K 3 2 KRR AL, 51
MEAT PO, FEEZE] T R o0 EHHUKIR
GAEREm . IOk H %5k LA Hh #RoK kAR T B
B 6"0 Bk, O°H HUMBEE K, R T RAEK
SRR S S KA IR Kk A T K -5 28 HAE A (Yildinm
and Ozgiir, 2017), K04 GeFH b3 HH 25 o 1) 41 22
NHZ=H, A= & M0 HFHH
20.43%o(Vasconcelos et al., 2005), 7K-7# 38 HAER
FEOff 0"80 (3K, R FH AR [ 2 Aok
BIFEAE 60 BB MBLG:, TRERES VU Z R K T B2
FZE RN KA 60 BURE, Z5u 1114 I e R 1Y)
HuBROK [RIRE R SRR R A & KA TR K -H A8 BAR &
AT 00 R, T KL RIA AL R 2 UK 52 3 55 ok
tr . BB 28 ORI A A T &2 60 3RS .

i CLHE 5 00 M R EBLU(E 7), WiERE
TFHBE MK, 00 (HBFZ K, R &R
AR AR oK B B TR Al R . A AN R

5"0/%o
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Fig. 6 The relationship between 6'0 and 6°H of the
groundwater and geothermal water from different aquifers
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Fig. 7 The relationship between CI” and 6'%0 of the
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R 5007 T o AR AIONE PRS2 TR, 2 A L A P A 5
PUZHL R K . R I4ibHuK 60 (/N K HH
PO PR DU R R K . Fakihgisiok 60 fH,
AT B502F B DR M A FH YR B 65 DU 2R Ml 7K R
RS HBOKAAEARRIIR G LB 7), R4
L BRI R T A FE 389 D2 RS R K A S A A TR,
It H 32 BT b b PR K A A5 RIS % S5 AN )
2.4 SOi . HCO; & EB T KB EFIRE

CUTEMJZ 0y & 5 F A K, (H KSR 1Y i
FER, HILPARS & KA BN, BT AITE# T
KHAT K R . Gl IE O T BEAE 0L 3
Clr &t bz, HibHoKh FEAEF. N
CI'5 SOy KFRF LA H(E 8), MU ZR T /K2
Fk I oK, R H & RAE2 P REE Cl
e, SOT bz i, KRB AFIZNIK
WIRAVEFBRRIE, SR INAU R R SO A
T 273~394 mg/L., WIMLEHA A5 5 BUBkER, FIRE
2 R R b 7K Ty B R BOR B VA A ik LY o AR B
i & g R RS CL o, SO A fis
L B R Y R #, RER 3 5 2k LI ZH AR SOL %
/T 1 mg/L, SO &R R IRIET, 4= SEfrih ik
H oK H HCO, & b3 = (K1 9) . DA E IR T
A B B A B P 3R R 55 ok 1 2 b ROK A 7 B A
JEH RS b, BRI B 0T 4 SO B H,S,
Hu K SOT I AR 2R, 45 R T2 HCO; H i,
KA T B B AR R VE H(SOL +2C+2H,0 — HoS T
+2 HCO;)(F R4li4%, 1986).

JIS AL PR A FH S 7= A= 1) H, S SR A oK
2 S HMHUK 5°H {1 K (Kong et al., 2017), R
ik, 45 A B 25k I A s oK B O°H (H
(—86.9%0 ~ —76.8%0)/H{I% T L F1 HH 25 2 11 21 Hh
HUK 0’H {H(—68.0%0 ~ —66.0%0), i A 3= 2 W > i
PR 25 2K 1 21 b FROK R 25 D4R AN [R) (] 6) . AT BF
FERM, KL H FH 55 2K 114 M HAOK 1) 32 BEAM R X
TEFE LG HR &) B 1L [X (Yang et al., 2013), K5
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Fig. 8 The relationship between CI” and SO; of the
groundwater and geothermal water from different aquifers

X IRIER N 350~500 mo AR [ 57 22 v AR A0 AR
SE B AR H 25 2k I 4L oK O°H (EAFAE, 4D
FAHH 55 24 11 2 b PROK B 25 DR FA W 322 b R e b A H
T A 11 RROK RN 25 DCHE AR R, 45 G 2 SR AE AR HH T
A0 B AT R, A A B0 b A 250K 1L 2 Hb ROK
G IX AT B FEAEPGALER L X, KA T LRG3
KT 500 m (1R85, 2R BEEa A B 25 0k 111 4 oK
CI % (1 110~1 400 mg/L)FI# {7 (2.82~ 3.00 g/L)
BOR, B HART ISR

ORI R | SFak Aok R AT
3 A R R AE T, 35 /18 b 3ROK A7 25 0] M 3 #4) 3
P s, e R, JE H#ok C Filk R
KF 20 ka, 7EFRGE 5 ) b 55 o 1 21 b HROK AR % 2
U 8 691 (Wang et al., 2013), DL FASAEHE R
AT A P HH VR AE U R b K SIRER R R | &
L2 Hb HOK K I RS, LM ) AR b 25
HFE. REHIAHEE R SR . iHF L W
FEFRL 2 b PR B BAT R 1 SOL & i, I H Wb
AN SOF Frat . TR BE R TIH B 41 e $hok
SOI ik, JUHIE AW 2R M oK i K A2 3
WES R UC ER W Sk, HBELT W
B 1R TR I RE DA RO T TR 3K 1) R AL S 1 R AIE
(BT REE, 2007), #E7R 1 ERARES U & 4T K5 T ER
M FR . 25K I M HOK K I R EGER, [RI B AR AE
N0 1) #2728 A2

3 HuRABE BT RO 53 A

HELHTIX A BE 8 . BHRZS IR 3 A~ o H 25
A E AP IR, M E ALY 1580 km?, JF
PR30 K F 60°C, J&E T 488 i Hr AR Tl Hh 4
K GEIR AR 8 (RS RSE, 2013), KT —
FHCHLAR, Jefa B 1 10 b, 2000 K
TR PRI AT, P AL 2 328 km?,
oA K M BT R G S B 8 446.17 4 m’, dmR
AR A 85.41 /¢ m’(FHYEHESE, 2008).
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Wt e S b AR GRS K R R A R SRR 7 3R R A B PR 45 78 77

S R AT 5 L OK R IR . HAE
o R B T I FH L R AT AR AR AR Z2 ), B Ak R
ZH P SR AE T X R DU X B 1 KA R T <), 7
T DT 1 A T 1 g 2 A At 2 B R — T <)
O, Z kA2 FE T XTGBT 48K i K A7 B
Tk UZRSE, 2012), KFRHR AL R P 21 4%
JEHAE TR R 45 2 k5, 2014), Kt
R MR GEIR TG BL N, KL R4 R B L B B A i
JE 7R A A R4, 51 b TR (TR S R 4 8
1998; Ak 4 2006; 25404, 2016), #HAhiE,
2005 AT HHROK BF 5 R 5 | ) T R 2
5~6 mm/a( KFAE, 2008), ITELAE R HT R T BEE
50, HARTGEIEAE N — RIS TR, R B WY
i, 5B R DX 3 b IO R B R A, R
TRAOTJZ PR I 25 R iR (AR 2148, 2016), T JLAE H A
KR TR 51 7 A b 1T A £ 22K B 9 mm/as

BRItz Ah, R A T % 5 A5 b s A7 A BT
FEAR, il R IERCR A B AE M8, T DATE i
Lo X R, MR T R IR AR R S A
BRI E A JEIN), 762 0 B A5 R R0 9 U Y S I
A S A2 TR A 7, AREILE TR, #E%s5]k
YR A B85 b SO () R, ) st i [l 8 6 AR A A 9
B i AK G U A RS T &R

4 G

(1) 7K Ak 2 4R ) A, 28R AIE 48 7 2 e B RN R
HHLHH R G857 JE PR R B s Ok R 58, A Y
F MR KB R POKAFTES HIIR A % 5%
A L2 R B ) 2R iR M HROK S R R KA B &R
HK-AAEAE R, SEMmBUK LA 650 BIBIA,
B PR AR fRAE AL oK R 2B 1 6100 B, R
5 55 2k L 20 BB 2R b ORI A AR A S2

(2)SOi 55 CI'. HCO; K R TR Bed b A H 2
W) 22 AN 55 2k LI b ROK A T W R iR . 7R
ARV E R R HoS SRR A MUK, T
SRS 5k 0L B R UK O°H {EHE K

QYW R AE FH 48 75 1 4 56 55 b B4 38 B %
Z5 A 111 20 b FROK A TE A B PR v, b T AG) 3 R A
AP, RS DU R R KK B R 85, LA 1)
FEUANG SRy, iR T A FH 2 D SR K AR T B2
AR 22 R 25 3 1L ZH b FROK 5 AR ER O JR T KK
I0C R 505, () A A i) AR o] A28 3 I 25

(4) 25 B S R0 K b A 34 DR 1Y) B 0 U
TR TT, ABTETF R R o R R DA I A 8
B JEEIN, YIS BT R, 51 R IR AR PR b o [
[Fi) 22 o i [0 8 R R RIS, B e A 1) - 2
FEEFIH .
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