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Geochemical characteristics of geothermal water in Beijing
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(1. School of Earth and Sp ace Sciences, Peking University, Beijing 100871, China;
2. Beijing I nstitute of H ydrogeology and Engineering Geology, Beijing 100195, China)
Abstract: Based on the chemical analysis on 80 geothermal water and groundwater samples, the geochemical types of the geo
thermal water vary from SO+ Na in the northern mountain area, HCOs Na in Beijing Depression, and to Ct Na in the southern
edge of Beijing Plain. The concentrations of F~, SiO3> , BO,™, and H,S in geothermal water are higher than those in cold
groundwater. Further analysis suggests that the geothermal water is formed by the temperature increasing of peripheral cold
water during the infiltration process. The results show that evaporation concentration and cold water dilution have insignificant
effects on the component ratios of Na/ K, Cl/ F, ClI/B, and C1/SiO,; how ever, the mixing degree betw een cold and hot water can
affect the ratios. M ost of the geothermal water is immature, and the w ater rock interaction has not reached ion balance. The cal
culated Kk M g geothermomet er temperature ranges from 38. 1 to 136.6 C, the calculated quartz temperature ranges from 57. 4
to 154. 2 C, and the well head temperature of geothermal w ater ranges from 22.0to 118.5 C. The comparison between the cat
culated and measured temperatures reflects the temperature which the bore can reach and the highest temperature of the geo
thermal water. The results can provide the hydrogeochemical evidence for geothermal water exploitation in Beijing.
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IR S3HTASE TR (3 1), AL st HUKIEE R 22.0 C~
118.5 °C,pH HyE 7. 18~ 9.2, L35 B Ik = mgi vk, Iowmedk
S E R — BN F 1 g/ Ly HodoKH B S T8 HCOs , &
BERHE T o0 Nat o AR 4 #oK B 257 70Uk 31— 281 (K 3)
Sy AL, U H G MoK SRR F o0 B2 K, Bk
L4 H BE J2 VA K N8 I R B AT ¢, b Ui A UK i SRR L
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Borehole diagram of a geothermal well

2

Fig.2 Location of sampling sites
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Tab.1 Geochemical analysis results of geothermal water samples
i 4 jl‘i‘: K+ ] Na* ] Ca2* ) Mg2+ ) HCO;‘_ Cl- ] 5042‘_ TDS ] T oH
%1% /(mge L") /(mge L") /(mg* L) /(mg* L) /(mg* L") /(mg* ') /(mg* L'T) /(mg* L) (C)
RSO1 6.18 115.00 37.90 10. 40 307. 50 17.20 83.30 603 33.7 7.97
JTN
RS02 2.85 141. 00 14. 00 2.40 61.00 44. 80 198. 00 524 36.0 8.34
y RS03 10. 20 76. 50 46. 50 15.20 305. 00 25.60 67.40 554 53.8 7.57
Al RS04 16. 20 81.20 45.10 13. 60 277.00 22.90 68. 80 544 48.0 8.24
e RS05 32.60 219.00 50. 10 16. 20 219.70 41. 10 396. 00 1 035 70.0 8. 12
RS 06 31. 60 308. 00 101. 00 26. 60 333.20 130. 00 586. 00 1 570 70.0 7.77
X RS07 8.57 56.90 49.10 13.40 262. 00 15.20 71. 80 488 72.0 7.59
Pk X
RS08 10. 70 62.70 42.50 8. 00 233.10 13. 80 57. 80 480 68.0 7.82
o RS09 13.40 516. 00 12.00 6.70 753.00 358.00 18.20 1 700 64.0 7.8
RS 10 17.50 434.00 17. 80 7.40 628. 50 331.00 2.00 1510 57.0 8.13
% RS11 15.10 161. 00 21.00 13.10 378. 00 51.70 51.30 703 42.5 7.98
RS12 5.45 119. 00 12. 60 4. 60 250. 00 36. 20 49.50 485 43.0 7.93
SR RS13 13.20 82.50 52.10 20.70 247.70 50.70 113.00 60 56.5 7.75
RS 14 7. 44 79.00 46. 10 18. 20 256.00 47.20 91.40 554 52.0 7.65
S RS15 7.23 149. 00 12. 00 6. 40 281.00 50. 60 14. 00 546 51.0 8.48
RS16 3.84 127. 00 13.00 6.70 268. 00 51.40 18. 80 507 42.0 8. 13
by RS 17 10. 30 63. 80 78.20 26. 10 293.00 47.70 133. 00 667 36.0 7.44
RS 18 9.37 70. 80 56. 10 22.50 255.00 29.90 123. 00 573 51.0 7.43
R E RS19 156.00 2 330. 00 57.50 15. 80 592.00 3380.00 51.40 6 700 100. 0 7.84
K RS20 1.36 23.70 53.50 22.50 254.00 14. 40 42. 80 439 15.8 7.59
pHAHZ N 7.7~ 9.2, BT BTk 20k P, AR P 0 A 2 4
0 23~ 0.67 g/ L; b 5T B 22 48 BRIMT B Hb #oK 8 1k F g T
HCOx Na BU7K; K26 i KT8 i i, 44k L8 F CtNa
TR, pH EZ 4 7. 2~ 7.8, 59 Tk, WAl 1 e 12 44 ik s 2
H 6.7~ 7.5 ¢ L, fEREAL 3 HCO;  CENa K, A
[Tt A P A K B T T Ak R 36 B T AN (), i b i A 7K
SCH T 4 A AN ), K AK R B I T O R A A, 4
Cl* HCOs NaZ! ., HCO; * CFNa %, HCO; * SO, * CFNa
.HCO; * SO; Na.HCO; * SO4 Na* Ca2J8 T HCOs Na
TR ALK, Rk i BB IR A AL, IR HUK pH 200
3 Piper 7.1~ 8.2, WRYE S EAZ 4 0.3~ 1.8 ¢/ L.

Fig. 3 Piper diagram of geothemal water and groundw ater in Beijing

Fig.4 Hydrochemical types of geothermal water
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3.2 HHas

Jb TP SR X b K A — S R A 40 G i R R i
R AL S S R W TR () MR K, ALK A i
AIE K G S A IR 1 Bk B PR T (B AR T, B IR El iy
WREE, B 2> M AT E T oK o 898 1 B BRI bR v, Ak
Bl iy 44 W FE, AN H v A B i 44 bR

HHATK IS N PR R 2 H H v bR MR B 2R
J7 10 2535 R A B8 BT, ~F 4. 62 mg/L ETHF
10. 47 mg/ L, ¥ Ak € 1 e 5 1) Sl PO 00 78 16 2R B 7 1 %
% MR v A R 7 B — RAS AR 20 mg/ L BA L, B ik
129 mg/ L; i HOK Pl IR & & — AL 2~ 9 mg/ L, &EF &
U B B P AL 3 B, At B T R A KT T R B
M, AR 24 [ #8 B3 04 3 52 mg/ L, A8 AW Bk 3] 72
mg/ Ly HHOK P RALE S B K 7L 0. 05~ 0. 54 mg/L Z ],
ZRBE I DX OO b A 843 A B ik 410~ 5.39 mg/ L,
ST 1R o AN T AR 82 0k B 8. 84 mg/ Lo 7% Hidh
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Tab.2 The special components in each geothermal

field of Beijing Plain mg/ L
HhHH £z AR i B 12 fii

FERHLB 5. 20~ 19.00 33.00~ 61.20 0.94~ 1.04 0.05~ 0.37

/NGy L BT 2. 60~ 11. 80 22. 90~ 59.79 0.08~ 1.00 0.05~ 0. 37

Javbu i 1. 45~ 6.00 21.70~ 68.704.60~ 14.000. 17~ 0.22

[LEE[#4E

3T 1.05~ 7.64 12.20~ 74.10 0.40~ 1.20 0. 05~ 0. 54

KA 1. 94~ 19.00 24. 30~ 68.60 1. 04~ 52.00 0. 05~ 1. 91

22 M 7. 60~ 11.60 25.20~ 31.70 0.52~ 4.60 0.05~ 0.09

AR X

3 1.40~ 11.8020. 00~ 129.000. 008~ 9.40 0. 05~ 4. 10

XU 4. 50~ 12,60 16. 40~ 39.90 0.49~ 5.00 0.11~ 5.39

K Z M  3.80~ 5.80 18.80~ 59.70 0.08~ 0.80 0.05~ 0.33

KU E HiAk 3. 50~ 8.40 24. 00~ 70. 00 2. 10~ 72.00 0. 05~ 8. 84

3.3 444t

558 U R4 /KA LE, H K 2153 L3R 52 3 25 R IR 4 8
Vo /KA RE I 2 M /S, B R e 7l BRI b BR A 22 i, b
HCH A T A F b A KA 2R PE 1 414 B R Na/K
Cl/F.CV B.CVSiO, PYFh( % 3) .

3
Tab.3 Thecomponent ratios in each geothermal field of Beijing Plain
A Na/ K CI/F CI/'B Cl/ Si0,

FERHEFVEH 1521~ 20.86 1.16~ 4.67 13.43~ 15.06 1L 17~ 3. 80

NG IV 8. 91~ 97.39 1.71~ 17.78 6.8~ 73.56 0.58 2. 09

JEVPIB BT 8. 19~ 16.02 258~ 11.95 2.91~9.53 129~ 6. &

vy JE3IX

AT 540~ 11.39 0.8~ 16.92 7.9~ 8.20 0.34~ 38.70

KA 826~ 73.48 1. 64~ 19.51 843~ 24.99 0.34~ 26. R

BB 1587~ 18.82 2.53~3.79 14. %4~ 38.09 3. 14~ 4.35

i HAH 7.26~ 40.46 1.9~ 41.77 3.8~ 61.34 0.22~ 11.77

XA 17. 24~ 54.86 0.50~ 6.31 1.2~ 32.45 1.23~ 506

HZHHE 9. 75~ 16.88 2 98~ 28.16 2292~ 261.10 1.32~ 6. 54

AT E AR H 21 34~ 23.43 4. 96~ 297.57 11. 39~ 68.88 5.98~ %. &0

() Na/K.

Na/ K (GG AE — M s il T /K M il 4 1F o bt 7 R
[X 5% Hb At b #ROK 16 Na/ K LGB 70% 247 49 20 BL T, 10%
A7 E 20~ 30 2 J8); Na/ K ARG 1) LU AR H D07 30 DX Hb 44
FH R RS- 57 1T 2R B 0, ARG 258 o 10 B {8 HE LA TR mh il
FAH o 2558 148 B 20 T 4 B AT 1 AV 3 IR VTR P AL DL
b A 1) FLAEL AR T HL HBAE, 1956 DL g 1 U] 8 b 4 B RO
KU Na/K A8 .

(2) CV ¥,

B KNS, #OKE CYF HIE R 2 BEAR,
LR TR T R U BN AR P N T A R S G &, AR
IR B T A R A U . KU SO B R TOK
J&T CHNa BP0k, R CV F EGE &, b5t 30 X st 4 iR R
AR CU/F LG A WA =, R 9 IR, Mgl 2% XL
M PG ABR X | 5 70 U 3 B A SR AR

(3) CV B,

T A [ Y R R (1 oK LA AR /B L. b
HT % HEA 6 CV B L E S AR, R 2 M s, 6L
IR /N s DRI DX BN B R38R IR Z , 2R IERIR
2 i A AR AR, S5V I A .

(4) CV Si0;

FiCV Si0, LA, St 7 P K 58 ARIR K kAR
Bro R E M B F ALK 28 A CENa B, R
Cl/Si0, I LU B B var, 4R $AHH B R 22 44 A g b 3k X
BRI AN, 228 MR IR 2, B 5 ik,
ANl A i b BT X 20 4L 70— 80 AEALEL K I
Si0, B PR, 12 55 A6 HU X AR H I TR SR8 0 T T A /K
AN B IR KGR
3.4 HAEEE

T A g L R T B fb 2 AR SR AR . Hh Bk Ak 2
FR AR S I LT ORI 5% Aoy R SR EE LT B b
IR, T b S D) T | b B B BT R AN
U AR ARG R 2, A B AT 4 K2 Si0, HiAk
bR BH B 1 b PR RR | [ A7 2 G BRI bR . BH
T AR AL HE Na K 3 b Na K- Ca ¥ bR K- Mg I b
N K- Ca Mg & P-4 B it 35 oF 2609 3 N K S FR Y
AT 150 CULEHiHUKI | Na K Ca da AR % 36 T & 65
HHK . RHAKKT T Nae K- Mg = AR K- Mg ihbr.
Si0, i A He il B FAAE IR

H Giggenbach 7F 1988 fE4ZHI ] Na K- Mg — ff K fif1!7)
FISRVEM Ak 25 PR A5 R IX 23 AN ) 2888 (MK B, B0 M58
A P T 43P RA RROK = AR A el 28 8

K Mg briGH TG R S M bR o i I ok
BRI, B K- Mg B bR vH 5 R — M i TRk IE
1 K B, ez JETT BRI T /K RS, BT DL K- Mg i BR ik
SR BE B R B R AT B, B Y A H KR B R A
N 2k 2 AR SRR AT 1] R B A .

Si0, HhAELFR R T HOK T Si0, B AR FE 5 iEE IO
FORAG B R BB E . N PR R BR AL 2 BR B
CR AR (0 A A A AT B AR I £, I SR 0 SiO,
140 188 R JEKS, (HUIX 5 43 UK TR FE T BB A 2 2
[ Si0, Tk P FIAT HA( 200IA B4R T Si0, RV AR SR A S
MOFIAT H), DR st B /K 48 e A 42 3688 200 S5 % 1 h
A0 o ] SiO AR TSR S — s T ORI R H KR R,
USRI i Hb A OKTE R RGP I A2 8 280k B 1R R

5 Nak Mg
Fig.5 NaK-Mg ternary diagram of water samples
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MBS Hn] DUE BT A B R R K G R 4
JET R BK, 7K TR AL B8 T F HRRAS, A R MG
U A D EOL AN K BE IR T oy B OK . R 4\ R
F N BB NT 80 CL B4 £E 100 'C~ 120 C;
K Mg ibnit SR K257 55 C~ 65 °C, L I
JERZ5 C~ 10 C, SEIT IR b 0o o Ll 2 [l 1 3085 1 5
825 C, LI PR & 12 °Cr b Uk X b B B 1) A s A%
SIRERECH 60.5 C~ 107. 8 C, LS R F =L 10 T~
20°C , fHAEIE TR oL L 2 [ R R 4 BT e A
JEA T4 S 300 101, 8 'CHI 112.6 °C, e ab N i% AL
S X b A FH ) B e TR

4
Tab.4 The geothermometer and measured temperature

in each geothermal field of Beijing Plain

Hb# P AR AT b S I
IE PR b gk 1 55.0~ 92.4  90.3~ 111.5  46.0~ 71.0
NG 38,13~ 102.0  68.6~ 108.6  30.5~ 70.0
Ji5 v U H A 42.9~ 92.2  66.5~ 117.2  32.5~ 85.0
I X A 59.2~ 81.2  63.4~ 121.1  35.2~ 76.0
KA bk 48.3~ 114.0  70.9~ 117.2  42.5~ 75.0
25 3% Hh A 46.3~ 74.3  72.4~ 81.7  22.0~ 55.0
R A 43,1~ 107.8  60.5~ 119.1  30.6~ 88.0
RUF b4 40.2~ 65.1  57.4~91.5  28.0~ 58.0
K 2 i3 52.5~62.9 61.1~ 110.3  31.5~ 72.0
RIS A 66.9~ 136.6  70.5~ 154.2  46.0~ 118.5

e JCAVAIURI Si0n WA tH AR = 1309/ (5.19- 1gea )- 273.15
(2) BPEPRAR T AR 1= 4410/ (13, 95— 1g(e22/c3) )- 273.15
ot o FORBUKTRIEIRIY) Ha Si0s BRI Si02 B85 ¢ FRam/Kh i f3k
T ez KR EEIIRE .

4

(1) b vy R A 22 2T B LS X ) P 1 SR AK IR
A%k SO Na I  HCO+ Na BRI CE Na %, K 2 H i #
KR g AR T PR A5 AT BT I (A IR R R A

(2) bt oK SRUR T A0 Bz K, TR 5 4b i ke )=
AR NBAMNE I FR P IGIRAA ¢, IR oK L, HhF#oK
' No/ K CV F.CV B.CV Si0, 4143t 52 F# & il 4 5 47K
FR B B S M A0, R TR) i AT b K 2050 BEAS ), B e iy
A POKIBATEE AR .

(3) Akt iy 45 Hh Fh B A bk K 20 KR 43 1 R UK,
oK ke 2 )R R B B TR, ORE AL v
Hb A D HO LA KR S T3 40 BRK

(4) bt T Rl Bl SR A G 28R R 1Y) S0, i A
Ak Mg i@brit5, 37 4 57.4 C~ 154.2 CHI38.1 C~
136.6 C, 4 A S e T b HhoK FEHL R SRAA IR 1 FE vp 3 22948 3
T IR AN B R T B R, S AL T B UR O R R )
PR 7K 3T HL R AL 27 3R
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