Fo1H H5H A NN
2021 4 9 H i& E e 1:|:

Vol. 67 No. 5
Sept. ,2021

GEOLOGICAL REVIEW

R E M X R FFE AR
=L == \\\

- =

5 AE B H 3 #5

%zﬂ ﬁ% y g&ﬁ% y {Eji ﬁk y %L ﬁ% g , —I% @J geojourrgr;.‘z.n/georev

EEHT AT BE, AR B2 MR BE E R S0 g &, dE AT, 100012

MBRE : 0 JC T M XA B R FVA A Th MR Bk A= 4 4 PH B0 CHL M C R 222 Y B
I8, IR T DX PN AR R B K B R A A TG PR RRAE A0 M TR 40 A5 SRR AE . AT 9T X PN T L 3R 200 P b BAOK 1 H K R B
GYATAE 35~91 CIEE M, Ah25 AW b 5T AT YL b ES L X RS TP A RN 1510 m, #AGf i oK AR
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YINEA A, SHEAH 72, 8% ~98. 9% , Hok hy 73
FHEAT, B8N 1% ~20% (FLFEZE, 2019) , #jE R
5k LA 2 AE & XN B o A, )2 1 S8 2L TR
JE2) 2230 m (LI T HL LA 7 R, 1982) . AT 4N
LB b s ZR AL s R T (I ) P it 2 1 L 5
TR R 500 ~ 800 m; HH K243k ke (T, ) P9 #Afifk
2 BRI BE B iR 474 m, 5 K2 2500 m; T 4R e
TR B B (T ) P A )2 09 SR /DN HE B TR B 24
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FE &AL AR, Bk BT, © 52 Ak 29 AR A
KA FAERDLERER N (1) o X H Fi A
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Fig. 1 Distribution map of the sampling sites for hydrochemical and isotopic characteristic

study of geothermal fluids in Tongzhou District, Beijing
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Fig. 2 Geological profiles in Tongzhou District, Beijing

JE RN, TDS 434 7E 309 ~ 1409 mg/L [ 1, #4914
4 536 mg/L, UK KL= Z A& HCO,”—Na™ &,
SPURM T K TDS 434 #E 310 ~447 mg/L JuH N,
BIE R 364 mg/L, % BREF R 51 4026 KA 272 A
£33 HCO, —Na* BIHI HCO, —Ca® - Na' %!, HiK
(9 TDS 43 A 7E 19~ 73 mg/L 365 B P, %843 B 7K B i
H SO, Fr iR, T RE R AR A BE A 1Y SO, 1 BT
Mk ( Aas et al., 2007; Xu Zhifang and Han Guilin,
2009) , V7K TDS 434 7E 351 ~646 mg/L JuE P,
ClUfATE—E M a4, 3R T 728 Rk KAk 2

W5 KA KA Y 80 6D i TR 4,
N DX DU ZR b T 7K R B 3R AR 34 0 95 7E 2 R
SREIKER (L Jie et al. , 2018) A0, JLF 52 47,
AR R ) B 42 A b 5T 37K ( Deng Wenping et al. ,
2013) LA K ZE K Z5 Hidth F 7K (Li Jie et al. , 2018) H
W B, G AR R R R R A R
Y2 2 L AE R R AR A, [ R K
[R5 2 2 B A 25 > 1l R SR 7K 4 (Allison et al.
1984) .

S0 R R K 60, g0 FXARTE —11. 7%0 ~

—6. 4% N, 555 VU R bR 7K 1Y [R5 2= 2H A
Fb, HbERIK Y 8" O _gyow ALAK LA, 4341 3 [ R
—11. 4%0~=9. 1%0 , 1 7 -10. 5%0, 245G KA
BURRIE (B 4) BT — A B R R ILAR . 55 1Y &R
TKELE "0, quow(>=9. 0%0) I, H: Ca™ )2 JBE /R
O3B R - 2 BE IR R B B P g 1 22 B R MR
RSB E S ) B ($1H 2 30% ) , Na" ¥R EEAIR (35
{029 47%) , Hu T K fL2A 28 HCO,—Ca™ + Na'
YT 5 DY FR MR K R F 2 (8" 0y _gyow <
=9. 0%o) 5 Hb FRIK AR B, 55 DU R Hb R 7K Ca® Mk
JEYIE TR 17% , 10 Na' W (A1 30T 72% ,
TFRALF ALYy HCO,—Na" #1, 3XAN AR fE A4 L
VL X IR K A A ) & AERE R TR R B AR T
FAESF ] 1y im A s B8 A P A I s, K Ak 27 S AL
HCO,”—Ca’ [7] HCO,"—Ca® + Na*, Ff[a] HCO, —
Na™ 78 (RS ,2002) T RIET 23R <
KoK BB AN, R R T T 24 KX
WK BIE TGP AR, IR R FEAIR . 1T 4 oK
Na " 268 %t 55 5 FUAH X & 2 3G N R W 2 77 1 v
FEEE (I IEVE T, 5 8 B 5 MK Ak 2% R A S i A
o1, HLA% A 2 AR S 80— 5 O R ARV, 3R
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i 7K milligram equivalent percent
B rain water
\‘D 7
.
river water

B I 258 DU &R e R KA ] RE
R L DX A ) A AR 25
SEA K SCH T 2 1 3 X AR
RIS R 58 0 26 DU R A FRCFL B
B K2 53 0 R I — g s
TA]— A TR] T R B K
LRGBS AY SRt 0N E o1 E2 S | e R )
AR VR AT RE A bR & 7 L
B L DX R ) AR 4N 25 (b
ST H S ) A R R A
AU 5T T 7K SCHb TR Hb K
BA ,2008) .
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Fig. 4 Relationship between §'®0,_gyoy and 8Dy oy of water samples in Tongzhou
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PIE-10.5 %0;6"0, g 243 KK 20 A%, B
=7.5 %o h Ay 25 b - X b TH] i R IBGE M X724 b
I = A2 10 msgrad O, IR REK 80 B & AR
ARG BEAE, BU=0. 2 %0/100 m( Liu Jianrong et al. ,
2009) , AIHIANAEAE N 1510 m, 454 XK SO
JoT 25 A4, AT 0 E N DX B IK A R 25 R U8 S A 5 T
TR S PEALTER E AR A 1510 m ZEA B ILIX

3.2 HMITKERSEFER

3.2.1 REMfIRFR

ASSCRI T H AN C R R B A & oK i 4F
1% 25 R i HOK P H S IR TR BR , e
w/NF 5.08 pMC,,

GO ) A 2 N 5 25 E R S BB P A
(“C) ML, WA F H KT C AR I A
TN 7K A AT T 2 0 2 1T 7K Hp 3 i JC ALk 174 4
1% B N K B A B R R e, e — B
ALK RS, HC A A7, C BT IR
e A IR T SR 0k, b T 7K A T AR P R AR R

= g7 (2)
A A "

Ao MR K RMAEE (a) ;4 =12. 1x10™/a,
NUC AR ERG A, BT MR EE (pMC) |
B 100 pMC( Clark and Fritz, 1997) ;A, A C #Y
R BE (pMC)

Aok A 3 co, MUC FER s b — AR
FEAEH T Kb A B B IR 2] LU (2) okE
A (EE M X FAOR A2 B R B A 1 2 BRI R A
W) 22 S 5 g s ISR WG, G GO — R O
pMC , TEZK AR ISR | 5 7K A0 5 ) Bl R 6 1 )
i e AR K 23 ffi R K R CoMk EE ) BT I
“ERBERNL™ o AT PR IE ik R R 5 FAAi )2 Xo) b AR
KMC BRI, AR SO T Pearson (1965) [Rl iz
R OUCIRABAT MR F ¢, I T IR
Be kA T BRRRER s fig i Bt b C U DIC A
PAS Bt e et R G 5 R R A C R RE

813CD]C _513Cmrd
= 5a aa (3)

07C;1=67Cq
K. 8%Cp R AKEC A8 8°C, A
CO, Y 8" CGHE M IEIT-23 %0) ;8" C.,, WL AR
JIATH 8V C R EHEIL 0 %o) .

Lo M BERCE 1 K E AR A TR N
1 q Ao_ q A,

t=—In = 8267 In
A A A

L t

q

(4)

t t

WFFE X P b 0K C R IERE RLAR IS L3 2, X
WL HOK R IE AR RS 73 A AR 8.4~ 27 ka JEHIN, &
B X oK 8 T2 KA R e 122 . HONF1i
B M HOK AR A7 AE PG G 0] AR B 4G n A ks, 7Y
JEHE R4 FHFARRH Y2 H AR 539710 18 ka F
27 ka,fE A—A’ {1 [ R4 I3 Y2 Hza) g H &
PAEZ NI POK Y IZ B E 2 1.5 m/a, FIER,
BT H T 55 3 L PN b A I AR R 0 3 BT AR
2409 X-1 H i R KA 8. 4 ka,

2 EM XAk C RIEMEB F S
Table 2 "“C corrected model age of geothermal

water in Tongzhou

- B | Pearson FR 7Y - B | Pearson FR %Y

e RBIR  RBIR

4 S | BROEARRY || R Y | RIEFR
= (m) = (m)

(ka) (ka) (ka) (ka)

R4 | 2501 | 29 18 J2 12800 | 35 27
R5|2679 | 31 22 J4 | 2801 | 32 21

R7 | 2203 | 28 17 X1 | 3589 | 28 8.4
R12| 2405 | 31 23 D1 | 2109 | 31 18
R18| 3203 | 32 24 Y2 | 2502 | 37 26

J1| 2507 | 25 15

3.2.2 HHKRRGEPHBRNMNE

ARG Y Se™ ok B 3 H ARAIR, b T 7K
(R Se”* Wk B L T B K A BT Y Se & i FK—3%7
A EAEFHFEE (Shand, 2009; BLAFE%E, 2011), #F
FE XK S [ F- 2 B v R 0. 008 mg/
L, H AR AR 26 DU 2R b T 7K 8 Se® IO o VR R 43
S AR AE 0.040 ~0.590 mg/L H1 0.195 ~0.551
mg/L Z 8], Y8 43 31 4 0. 230 mg/L il 0. 339 mg/
L,

H ARG Sr AN RELUR Y S, EEAAAE
WA NEFR S, S E TR MR FE—1
FG HALE AR, Se 8 H DL BOIR S TS 80T
Yrrb, e R ER B FANA IR A%, T
Sr Al Ca WyHbIRAL2E 26 G M, 2 R AL AR 52 v
INAE AT B — 2 HBR k2% 47 4 (Shand et
al., 2009) , A X H T 7K HPSe?* v BE ) 78 I A2 /)N
F Ca™ A S 5 Ca™ WiH RAR F 2 IEA R (K
5) , RWAREKHEA KA BLG K Se Fl Ca Z2075
T REBAHAR K SCHEIR A AR . 555 I FR 4R K
FHLG, AR i ) Se™* ARl Ca™ 38 i kg {5
S N R K,

Ho K H n (YSr) /n(*Sr) 8 43 A 7E 0. 7087 ~
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Fig. 5 Sr** versus Ca®" in water samples in Tongzhou

0.7153 5 Bl N, 5 ZH b, WF 58 X N KA RE K
(0.7107~0. 7115) Jaf 7K (0. 7100) F1%F DU £ # T 7K
(0.7092~0.7097) Bn (¥ Sr) /n( *Sr) {H i 25 i HR
/N, AT RE R R S LA KR R Y Sr Je 2ok IR — 3k
HHBOKZED] T AR BK—AMEAER, =50
BB (n(YSr)/n(™Sr) 2 0.7111) J2 463 K%
K 8 ) B R JR ( Xu Zhifang and Han Guilin,
2009) , HiT 7K A A BEOR R T2 A EE KU DT

TR RERRER Bk R R SR R h A T 1 KL R
O™ W RN oK A BT, Bk R R R R R VR AR Y
n(YSr)/n(*Sr) {H 2 Ky 0. 7080, KE B2 £h 2k U 48 1

n(¥Sr)/n(*Sr) (H— N 0. 7160 ~ 0. 7200 ( Gaillar
et al. , 1999; Philippe, 2006; Min Maozhong et al. ,
2007) , I X PR H T K Hn(¥Sr)/n(*Sr) {5
SRRIRER E WAL IR n (Y Sr) /n (P Sr) HE AR,
HR 7K G ST B R TR T A R £ BT R i
fift . HIFRIK i (7 Sr) /n (Y Sr) (EIELERRFREh 4 FIAE
FRER A Wk U5 i BRI 7 AL =z B), H 2 Se™ &
B R I BRI AN, 28 4 ol 42 3 e PR A M R R AR Y
n(¥Sr)/n(*Sc)MH (K 6a) , EHFITIX 6 H R % %
IR A A & Em, b a Ay ffa
(FLFEAE, 2019) , W& 7K)ZA BT 2 o0 AT , ik iR 46
o VR A I A X b AR R Y R TR

St /Ca* Vs¥Sr/*Sr R R ETERE T E/RN T Hi
KRR R E AL (K 6b) . bk Sr**/
Ca® HofH /M (0.01 ~0.02) B, n(¥Sr)/n(*Sr) B
(0. 7087 ~ 0. 7107 ) 42 35 i iR 45 55 R VR I n (V' Sr) /
n(*Sr){H (0.7080) ., i Sr**/Ca® {H% = (>0.02)
i, n(YSe) /n(*Se) {E B E (0. 7118 ~0. 7153) ,
ELPE ) oA R0 — 5 1) 38 22 001] , i A i 3
AL T M X PG AL, 15 7 38 53 A 76 38 I DX 2R /e
S5 G RIR IX I T K A3 , HE W s A FT BE H AR Y
I TRIFRASONY, 380, T AR . FAR S Sr i) 4 4>
R LR F (P Sr .Y Sr *Sr MSr) |, HATY Sr J& iU
P, T ERYRb 2853 B AR T oK, B %5 Rb (9542
TE Rb B4 A B, ¥ Se 175 12t ] A A 5[] o
BOESEHE N, 2RI B ] SERARARON

R X NSRS EEEoH T S & &AM
n(YSr)/n(*Se) WAV A E (K 7)), P 2
— PGB AR EE G AR A S (] 7a b)) 1T IX
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Fig. 6 n(¥Sr)/ n(%Sr) versus p(Sr**) (a) and n(*'Sr)/ n(*Sr) vs.p(Sr* )p(Ca™ ) (b) in water samples in Tongzhou
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Fig. 7 Distribution contour map of n(*Sr)/n(*Sr) (a), p(Sr’™*) (b), “C corrected model age (¢)

and thermal storage temperature (d) in water samples in Tongzhou
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S CORAR IS 2 B A ) ) o0 A B (T Te)
S H AR A A B 7N T AR e ) AR A T AR
7T TR KGR T ), K —5 SN R B R
SR A S SRR IN D3 Ah Bl T K
BA ISF ] A E B ) 2R OBR 0N T B0 AR IR
n(¥Sr)/n(*Sr) {EH,
3.3 Bt SRMEIEE

IR R FH T $A0K ) S s A4 4 4y
() B R 2 (E SR 1 56 R, B AN R
PARIREE . B A 0 e T 2 B T R
11,810, HiR T AR IR R IR X pY ok
2, W 504 ANTE (Fournier, 1997) o 7 3 F 2 )
FHBHES - HuUR A1 Si0, R 3 AF ST X N i
WAL, TFEE R BN AR T % Na™ /K" Hil
Na'—K*"—Ca™ PHE T iR T B Al S 45 R 5w e, &
TR0 A S AR AR (2 2) o J38b, 3@ XK
T MR KR BE BHIR T 100 °C, 728752
B Si0, Ml AN IE BT IEM MR E . K'Y/ Mg™
PH 5 M I 1 R JC 78 R R 19 Si0, M iR I i
TPEH I8 P b DX A2 PR BE (R 2) . ARSI

K*/Mg™ BHE FHu iR TR JC 72873 028 19 Sio, skt
IR NS % BHAF- B E R PR BT IX
PG B 43 A5 76 34 ~ 112 °C {5 [l N, B8 50
C.

PAEIRE I 100 °C 1 PHR I 07 F R 24k
B I, ) FOORT B ke (L ) 73 S e —— 5 F i ¢
o AR R TR Sk R (1, ) I, HERR
— AR (D) PG TR A S AR T KR
JEE 5 IR IR S B AR A3 A 7E 57. 4 ~89. 6°C
IR R 68.3°C, K%aERER (TIT,) Y, Hela
AR AT R B0 B i 2 S A R B 44
I REE (R 8) , R4k pEd (1) PE LR 7
PR PRE K (2534 ~2983 m) , PAVGE IR FE BN AR (57. 4
~66.6°C) , HJ1H K 59.9°C (& 8), KN4k
(II,) 75 R AR A AR AR 76 ( 2145 ~ 2260 m) , #fif
FEHIFF 5 (61.2~86.5 C) , HMEH 72.4 C, EH
SRR 3K AR a5 2 ) T A TR R - T A3 A R (I
7d) UL M R B T AR IR B AV b 1) AR e S
Rk 3 X — G B AT REJR R JE: | IRl — %2 Y,
A= N B 2 L2 R N A T B

R 3 EMNX EHAFHRGERE

Table 3 Results of reservoir temperature in Tongzhou by different geothermometer

|k LA R PAEREM R (C)
i | o | | e P A S0, ML o
(O (m) [(C)| NaK | Na/K | Na/K | Na—K—Ca | K/Mg | Tl | 200 G | Ko st
R3 | 1827 | 42 | 1800 | 43 | 161.7 | 180.3 | 131 99.4 57.7 | 32.6 70 64.6 | 61.2
R4 | 2501 | 58 | 2417 | 63 | 159.4 | 178.1 | 128.4 9.9 6.8 |39.7 76 7.4 | 66.6
RS | 2679 | 43 |2679 | 57 | 133.6 | 153.4 | 99.8 86. 4 55.4 | 33.1 70.5 65.1 | 60.3
R6 | 2213 | 51 |2210| 53 | 152 171 | 120.1 95.4 58.6 | 28.3 66.3 60.5 |59.6
R7 | 2203 | 49 |2200| 54 | 154 173 | 122.4 94 57.5 1305 68.2 62.6 | 60.1
RS | 2699 | 53 | 2670 | 57 | 224.3 | 230.1 | 203.7 193.6 78.6 | 45.8 81.2 77.2 779
RI0 | 2500 | 48 |2460 | 53 | 133.3 | 153.1 | 99.5 70.5 4.7 |37.6 74.3 69.4 |58.6
RIT | 2480 | 45 | 2450 | 56 | 122.8 | 142.9 88 7 4.1 |37.1 73.8 68.9 |58.5
R12 | 2405 | 41 | 2350 | 45 | 220.2 | 243.7 | 209.7 184.4 72.5 | 30 67.8 62.1 | 67.3
RI3 | 2401 | 48 |2400 | 52 | 204.2 | 220.4 | 179.9 185.7 9.7 |33.1 70.5 65.1 | 77.9
R17 | 2468 | 35 |2460 | 58 | 214 | 2295 | 191.4 195. 4 94.1 |47.5 82.6 78.9 |86.5
RIS | 3203 | 55 |3200| 84 | 155.9 | 174.7 | 124.5 152.6 84.5 | 94.6 120. 5 122.7  103.6
RIO (2370 | 43 | / | / 124 | 1441 | 89.3 80.2 53.4 | 311 68.7 63.2 | 58.3
72507 | 41 |2500 | 55 | 121.9 | 142.1 87 79.7 53.4 | 29.2 67.1 6.4 | 57.4
12 2800 | 54 | 2800 | 64 | 185.9 | 203.2 | 158.5 185.7 100.4 | 47.4 82.5 78.8 | 89.6
133000 | 52 |3000| 63 | 253.4 | 266 | 239.1 215.3 84.8 | 40.3 76.6 7 78.4
14 | 2801 | 46 |2800 | 54 | 248.9 | 261.8 | 233.6 196 74.6 | 43.2 79 74.8 | 74.7
15 | 2806 | 51 |2800| 57 | 242.1 | 255.6 | 225.2 197.3 75.9 | 41 77.1 72.6 | 74.3
16 3002 54 |3000| 59 | 264.4 | 276 | 252.8 | 2151 85.4 | 4.2 45.2 37 61.2
X1 [3580| o1 |3425| 90 | 220.5 | 235.6 | 199.2 | 208.2 117.3 | 77.2 106. 8 106.8 |112.1
DI | 2109 | 38 |2100| 41 | 101.2 | 122 | 64.8 84.5 49.2 |-14.4)  28.3 18.4 |33.8
Y1 |2106| 38 |2100| 46 | 162.9 | 181.4 | 132.3 157.9 79.3 |21.5 60. 4 53.9 | 66.6
Y2 2502 | 45 |2500 | 51 | 177.5 | 195.2 | 148.9 161.2 73.5 |37.3 74 6.2 | 71.4
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of geothermal in Tongzhou District
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(3) Sr** &t Sr [Al43 2] A R0 Bl N DX ]
S ZR A v b AROK 1 38 3 B AR R K —25 A AR
. IR, BEA M AR AR (35 I, A2 A I
HHOK Y S SIS, n(YSe) /n(*Sr) ERE N,

HuFROK R )7 28 0] A A o R 1 S . ) B R
WRIRER A TP AR IR R 5 Y Rb (5208, J5 % 2 B
8 AR B[] SRR

(4) K'/Mg™ FHE T ol oF Fn G 28 V3 48 2 1)
Si0, MR AT A FRAG A AR B . BFSE IX R, K
MLAKRER () PR Hrrba (1) 38 A5 44 b 24
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Hydrochemical and isotopic characteristics of geothermal fluids in

Tongzhou District, Beijing, and their geothermal significance

YUAN Lijuan, ZHANG Jinping, HE Yuncheng, KONG Xiangjun, GAO Jian
Beijing Geothermal Research Institute, Key Laboratory of Shallow Geothermal Energy, Ministry of Natural Resources, Beijing, 100012

Objectives : Tongzhou, as a sub-center of Beijing city, is rich in geothermal resources and has a huge demand

for clean energy for regional construction. This paper aims to grasp the hydrochemical isotopic characteristics of

geothermal fluids in the area, understand the recharge, circulation, and thermal storage temperature distribution of

the Jixian karst geothermal system, and provide scientific support for the development and protection of geothermal

resources in the city.

Methods: Based on a full understanding of the tectonic and geological conditions in the study area, this paper

uses water chemistry and H, 0, "H, "C, and n(*’Sr)/n(*°Sr) isotopic tracers to carry out the work.

Results: In the western part of Tongzhou district, within the Daxingdian uplift tectonic unit, the water age

increases from northwest (18 ka) to southeast (27 ka) with a transport rate of about 1.5 m/a, and the reservoir
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temperature increases from 57. 4 °C to 86.5 C. The Xiadian fault in the southeast is a hydraulic and thermal
conductivity fault on which the geothermal water age decreases to 8. 4 ka, while the reservoir temperature increases
to 107. 8 “C. Both strontium content and strontium isotope values in geothermal water increase along the direction of
groundwater runoff, revealing the superimposed effects of two processes: dissolution of strontium in Jixian system
carbonates and decay of ¥ Rb, the latter showing a significant time-accumulation effect, which is more evident in
the southeastern part of the study area.

Conclusions: The recharge source is atmospheric precipitation in the northwestern or northern mountainous
areas of Beijing, with an average recharge elevation of 1510 m. The age and temperature of geothermal water in the
thermal reservoir show obvious tectonic control characteristics. Regionally, changes in strontium content and
strontium isotope values can effectively trace the transport of geothermal fluids and the degree of water—rock
interaction.

Keywords: Tongzhou, Beijing; geothermal fluid; hydrochemistry; strontium isotope; reservoir temperature
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