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Fig. 2 The map showing geology and tectonic of bedrock and distribution of hot spring in Jiaodong Peninsula

TR AR () Bof . 422 32 358 43 ¥ 7K Rb 25 ) 20 pHL {H AR
ARAE 7. 3~8. 63 Z [H] B A S B 5 R 4 A3 P BH B
F Na™ &itdpem, ook Ca*"  REBIEF R CL
H K HCO, 5 SO,° , HoKfb 2 £ 20 Cl-
Na,Cl-Na « Ca # k., HCO, + SO,-Na, SO, -
HCO,-Na #I7K (] 3),

JIE 2t B AR [ B 5 = B R 23 B 1
WIOCE M4 s o F &4t 1.52~10. 95 mg/ L, i
REMR & & 71 ~ 141 mg/L, Ba®" & & 0.05~0.41
mg/L,Li" & 0.04~1.82 mg/L,Sr*" & 0.4~
32. 5mg/ L, fl it JOER B R A AR T SR b B I A
B FEEFFEZ —

3 IR I SIEK

HT T AN [ SR 9 7 2 bl A T ) 2 T o 3K 4
8 PR IHe AT R T 3t B K R <4 AL 3R ) 2 O F
FEHB A PR B OR T AR K AR SR KRR L 0D AN

8" OBHs s 7E 0D-0" O & R AL &, w] DL A iy
Hi R Bk % 3k P (Zhang Hongping et al. , 1991),
AR IR 0D il 6" O K 5 2 I8 1E KA IK LR
SR | RIS B O O o NG ) Y | S o
— e KR IR TR ARE K E & A oD 6T O Bl
RO S R AR K B I Ol X AT e 2 R & AR T TR
A7 Z A AE FT A S A (R 5558, 2010),

AR YRI5 AR HURE B UACBE 1 il A I A A L T o
RoMrai R I 2.

B 4 AF LA B B 50 DX SR O A 1 oD
UG OR /iy e S Nl T S A e i
i DX R AR TR 2 B 30 o R IR B S A AR S L X T
i A A ) b AR R R 32 R BT RN i A
b BR NS 0 9 AR K B T B AR SRR

A AR IR 1 RS RS RAR R RS
A B TS DU R IR IE Y piper = £k & (K]
5). IS AT UL i A A T K Ak A 2 A B A [



A SRR A L AR AP 8 r AR TR T G TR BT R K Ak 2 R AE 43 A 141
1 BREXRARBR BEHRETNRKHAFKRSH— R (meg/L)
Table 1 Groundwater temperature, pH, and concentrations of major ions, H,SiO;, Sr, and TDS in Jiaodong Peninsula(mg/L)
HORE S | HURE - 2R B iR B (C pH Na™ CaZt | Mg?* Cl~ | SO,2” [HCO;~| F~ |H:SiOs Ba Li Sr TDS
KRG R 67 7.63 [1553.00[439. 20| 41. 46 [2906. 25/ 355. 15[208. 99| 2.39 | 88.00 | 0.13 | 1.47 | 20.40 |5555.74
EWG | BHEI; 14 7.16 | 77.07 |122.10| 40. 84 | 146. 88| 98.23 [336.70| 0.33 | 41.30 0 0.02 | 0.54 |805.32
B2 B =in 14 7.32 | 67.74 |134.20] 42.80 |126.25[108.31[351.21| 0.22 | 45.80 0 0.03 | 0.52 | 776.62
N8 NEESiR 58 7.48 [314.00| 50.48 | 4.65 |386.07[138.53(214.79| 3.80 [111.20| 0.07 | 0.97 | 2.00 |[1113.86
HRY | SRt 16 7.23 | 23.06 | 36.61 | 12.06 | 41.77 | 45.34 | 69.96 | 0.28 | 22.10 0 [<C0.02| 0.24 |240.14
AR B S=in 14 7.49 | 29.71 | 42.34 | 13.07 | 37.34 | 20.15 [133.52| 0.28 | 28.50 0 [<C0.02| 0.23 | 274.67
ok | IR 74 7.30 [184.00] 25.46 | 2.35 | 56.96 |141.05]296.06| 5.23 |136.50| 0.09 | 0.59 | 1.50 | 681.79
KR | Rt 15 6.78 | 27.74 [100.70| 27.74 | 37.34 [110.83|153. 84| 0.41 | 35.00 0 0.02 | 0.58 | 554.14
ok | EEIE 14 6.97 |29.79 | 55.51 | 10.53 | 39.87 | 25.19 [119.01| 0.39 | 33.80 0 0.03 | 0.90 | 319.74
LB NEEEiR 66 8.46 [170.80| 22.43 | 1.35 | 46.20 [178.83[197.38| 8.92 [136.50| 0.06 | 0.31 1.6 | 641.95
W | BRIt 16 7.50 [206.50| 17.19 | 3.66 | 52.53 [105.79[354.12| 7.61 | 44.40 0 0.16 | 0.62 | 609.42
+tH B Pin 15 8.94 | 68.53 | 72.35 | 18.96 |126.58]| 65.49 [130.62| 0.44 | 31.20 0 0.02 | 0.71 |513.58
5% T 60 8.36 [262.10] 34.33 | 0.53 |172.78]357.67| 58.05 | 5.89 |141.10(<C0.05| 0.30 | 2.20 | 985.25
'-35 500 & I 15 6.76 | 73.31 | 64.20 | 26.81 |109.49| 78.08 |150.93| 0.54 | 30.20 0 <C0.02| 0.53 | 556.31
% B i 14 6.70 | 36.13 | 55.57 | 13.19 | 56.96 | 40.30 | 75.47 | 0.21 | 39.40 0 [<C0.02| 0.41 | 369.68
SRR TR 51 7.58 [1355.00[695.90| 2.83 [3227.79/299.73| 34.83 | 1.52 | 71.30 | 0.12 | 1.53 | 32.5 |5724.11
witE | R 16 7.06 | 29.51 | 31.81 | 21.00 | 35.44 | 68.01 [127.71| 0.39 | 18.60 0 0.02 | 0.37 | 315.65
k% s It 14 7.66 | 30.34 | 62.21 | 15.93 | 60.76 | 52.89 [136.42| 0.44 | 34.10 0 0.02 | 0.59 | 349.85
K NEESiR 62 7.97 [393.40[197.50| 0.35 |810.11]241.80| 40.64 | 2.51 | 76.40 | 0.09 | 0.47 | 11.3 |1739.74
Ky | Rt 14 7.49 [229.80|144.50| 4.09 |468.35[181.35| 78.37 | 1.96 | 44.90 0 0.30 | 7.91 |1114.37
K 5 14 7.16 | 24.06 | 21.61 | 4.53 | 21.61 | 20.15 | 49.34 | 0.30 | 43.70 0 [<C0.02| 0.14 | 186.65
ANG | EREHE 56 7.57 [633.50(244.30] 2.74 [1291.12/198.98|52.25 | 1.90 | 78.80 | 0.11 | 1.53 21 |2483.06
A/NG | BRI 15 7.28 | 73.04 [102.00| 20. 28 |259. 49 45.34 | 87.08 | 0.21 | 48.90 0 0.04 | 1.57 | 595.28
ANg | HEEH+ 14 6.66 | 20.28|29.92 | 12.12 | 22.78 | 40.30 | 29.03 | 0.19 | 27.90 0 [<C0.02| 0.37 | 242.49
TR LRI 59 8.63 [131.50| 11.60 | 1.21 | 44.50 | 86.66 [194.47| 8.91 | 76.70 | 0.12 | 0.08 | 1.70 | 444.41
TRy | BRIt 15 6.52 | 24.80 | 61.90 | 23.90 | 31.00 [110.08| 78.37 | 0.22 | 38.50 0 0.02 | 0.45 | 447.42
T 8% B Pin 14 6.72 | 26.00 | 29.50 | 12.72 | 29.60 | 49.18 | 72.56 | 0.20 | 29.70 0 0.01 | 0.23 | 260.24
TR iR 57 8.54 [106.70| 10.80 | 1.16 | 41.10 | 65.58 |130.62| 8.55 | 90.40 | 0.01 | 0.28 0.4 |379.48
Fx% | HMURH 14 8.04 | 28.20 | 13.30 | 10.34 | 26.30 | 25.76 | 81.27 | 0.20 | 1.50 0 0 0.14 | 149.02
TE s I 14 7.03 | 31.40 | 46.90 | 16.85 | 34.40 | 67.97 [133.52| 0.46 | 20.40 0 0.01 | 0.34 | 308.32
FLl A R 28 8.63 [163.10] 5.80 | 0.26 | 78.20 |163.94| 66.67 | 10.95 | 82.90 | 0.01 | 0.04 | 1.20 | 523.38
ERIIPYS TR - AU ES 14 7.96 |162.50| 7.60 | 1.04 | 76.10 |168.63| 89.98 | 11.40 | 82.70 0 0.04 | 1.10 | 540.19
A s 14 7.98 [134.60| 10.40 | 2.51 | 64.70 [124.13[104.49| 9.68 | 45.60 0 0.03 | 1.58 | 434.66
BB ARET BRIt 62 7.70 [1943.00[790. 70| 6.37 |4413.70/269.33| 52.25 | 2.91 |107.10| 0.41 | 1.82 | 32.00 |7660. 23
LY =77 I AU s 16 7.48 |544.80|470.00| 24.01 [1314.00620. 64| 55.15 | 3.84 | 13.10 0 0.68 | 9.88 [3056.78
MR m AEEIt 14 7.19 | 53.30 | 86.80 | 21.30 | 77.50 | 98.37 | 89.98 | 0.42 | 23.60 0 0.02 | 0.52 |547.70
g NEESiR 52 7.99 [204.40| 11.50 | 0.81 | 70.10 |124.13[298.97| 9.29 | 92.00 | 0.05 | 0.18 | 0.90 | 646.65
iz | FWURI 15 6.83 | 58.20 [175.00| 43.71 | 52. 60 |224.83[217.69| 0.37 | 27.00 0 0.04 | 0.70 |1006.05
Wilig I 14 7.08 | 41.20 | 99.10 | 28.13 | 51.90 [107.73[179.96| 0.23 | 24.00 0 0.02 | 0.58 |577.97
N NEERSiR 54 7.39 [342.30| 40.40 | 3.77 | 92.30 |266.99(571.81| 5.85 [128.30| 0.04 | 0.52 | 3.20 |1149.56
WO | BRIt 14 6.89 | 64.20 |121.60] 30.12 | 80.20 [107.73[101.59| 0.40 | 30.10 0 0.03 | 1.00 |791.73
A% S eris 14 7.23 | 51.60 |103. 80| 20.97 | 80.20 | 72.60 [116.10| 0.31 | 41.20 0 0.03 | 0.76 | 640.29
WEARY | BRI 81 7.75 [1052.00/109. 30| 7.70 [1701.50/131.15|136.42| 4.14 |116.50| 0.29 | 1.41 | 19.30 |3243.99
FIEAW | $HEI;t 14 7.00 | 53.10 |134.60] 33.65 | 96.40 [131.15[206.08| 0.17 | 23.20 0 0.03 | 0.70 | 760.07
WKy | Hait 14 7.41 | 68.20 [113.90| 38.29 |132.10[112.42|354. 12| 0.70 | 22.50 0 0.03 | 4.50 | 684.96
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M8 AL RE o DL AR AR £ A 2 T 3t £RE A 1R 2 R U
F AN 2 ik S O 4 65 DU 2R K B e s UK Y B
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Fig. 3 Piper diagram of hot springs hydrochemical types in Jiaodong
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Fig. 5 Piper diagram of hot springs and bedrock deep wells, Quaternary shallow wells in Jiaodong Peninsula
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Table 2 Results of isotope §'® O and §D in geothermal fluids and groundwater waters in Jiaodong Peninsula

IR b 1 KEERR | 810 (%) | oD (%) KEERR | 510 (%) | oD (%) TKEEE A 818 (%) 6D (%)
S R —9.17 —67.4 —6.58 —47.97 —7.9 —60
S IR SR —7.98 —52.63 —8.89 —66. 37 —8.3 —59

SO K K —6. 36 —47.7 —8.57 —57.3 —8.8 —63
B —5.18 —38.9 —5.93 —43.1 —8.6 —62
SCRNEER —6.47 —48.3 —7.31 —53.2 —6.3 —146
LHREY —6.62 —51.2 —7.49 —52.8 —8.5 —61
isé‘%i:ﬁ% g —5.36 —42 s —8.37 —58.7 A —7.9 —57

A —7.47 —49.2 —7.4 —52.2 —9.2 —67
LA BHAK —6.39 —46.7 Tk —7.42 —49. 8 i ik —9.8 —72
BERIRG —7.55 —54.3 —7.58 —53.7 —9.6 —70
BT R —7.18 —53 —7.98 —56. 6 —9.6 —69
WA —7.01 —53.1 —7.9 —57.3 —9.5 —67
W& 31 —7.46 —55.4 —8.97 —61.8 —7.9 —58
BT S —2.56 —31.9 —6.49 —49.2 —8.9 —63
P28 AR AR —7.5 —53.4 —7.18 —43.5 —9 —65

TP SR T R I B AR TR R A AR 1) BRI A L K T 4R I Az 3 A S i FE A i S W i LU R AR A e . (R

37 o [ M R R 2 15 K S R B B R T
1522
5.75 —1gS
A Sk H SIO, IR L 80 R mg/L.
Fie SIO, AR T L K AR TR S A0 T 32 3 [T AE
106. 32~136. 60 C Z Al (W% 3).
R AR AU AT AR A B e {13, 45 65 3K

T(K) =

TSI H K IRLEE ¢ (3 ) K SiO, il bn 5153 45 i 2R 4K
fiff LB AEL ¢ (3R 3) AUAE 6 AT LU o AR Ml IX 3
POK G IR TR E Z4E 1. 5~ 10km 2 [] . %640 16 R0
PRORBER T 10km, J5 AR R K T S 3 i 08 20 % 5 T8
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Table 3 Reservoir temperature of hot springs in

Jiaodong Peninsula

iR SiO, |3 fif i SiO, | #hfiff I B
o PRt o
4R (mg/L) C) (mg/L) C)

BIEERE | 67.69 | 115.16 | 2EREF | 59.00 | 109. 34
B R | 85.54 | 125.50 | RFFFKiFm | 69.54 | 116.33
SCBBEIK K| 105.00 | 135.02 | FLIX%A 7 | 63.77 | 112.61

XHLEE | 105.00 | 135.02 | BPSB R E | 82.38 | 123.80
CEPEE | 108.54 | 136.60 | MiEEX 1L | 70.77 | 117.09

B | 54.85 | 106.32 | EKIRA | 98.69 | 132.09
K | 58.77 | 109.18 | LA | 89.62 | 127.63
LN 60.62 | 110.47

5 kAot

5.1 KEER

Na-K-Mg =1 K52 A1 F X 70 Hu B4 0K O 58 42
Mg 7K R V-8 7K AR IR B — R B R Tk B R
i X 53 4 FROK K AR R AL PEAN $A0K - 5 =22 8] 1) ~F i
IWE M EIR S ¥ (Wang Hao et al. , 2009;
Juliarka et al. , 2016.), ARWF5T1E FHiZ 7 Bk 0
Wi 8 2R b FROK PR RAS

H A ARG A A7 SN

D NaAlSi; Os +K" =KAISi; Qs +Na", @ 2.8

KAISi,O; +1. 6H, O+ Mg =0.8 zFH:+0.2 58
A +5. 4810, + 2K, MO MO 2 [ ik ) 56 4 F i
B, Na ™ F1 K AR REAR 0 5 29 b $ROK T 0 28 st 2 1
T AR S A R S 4T Bk, Na® A K Ak S
AR s 763K 20T 19 7 B, Na ™ Fn K b 138 43 °F- 1t

B WF 5T X M OK 19 Na K Mg &2 4L P51k
JE R F Na—K—Mg = K,

L7 BT LLFE AR M X ROk RE K 2 67 T
R 5 R S A XX, E R TR B K A
X LS AR 1l X Hb AR BE7E Na—K—Mg = £k & 1)
18 &, Cl-Na(Ca) B K 43 A Ho 8 43 B, KE 4 4f
TRy BB X AN TR A X HCO; » SO,-Na
EIKEL SO, « HCO, - Na K HeA A7 T J5) 3 -
55 X A3 AL BT i 1) TP X R £
F AT O e 2 b X b B K 5 TR A 38 R Bk B 5
A KA AR AR AR X F B TR
7 Hi DX ) b A FE 2 T O R I 2R A e AR
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yCLySO, /yCl DA B i@ it He 8 Mo #8K 516 K B F R 8
1825 5 X 1l B AR I 8 PR 2R 47 43 (W Yanjun et
al. , 2018;Xing Liting et al. » 2015) , 4% Hh $4 H #h 4
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Fig. 7 Na-K-Mg equilibrium diagram of geothermal
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Table 4 Flow rates M’ and geothermal fluid wellhead temperature ¢, of hot spring in Jiaodong Peninsula
L B KR A W= . H R I p— RAR E U (E ’ uﬂﬁ'&/ﬁr‘i
M’ (L/s) M’ (m?/d) ING D! M’ (L/s) M’ (m?*/d) 1. (C)
LY 78S 2.8 241. 92 62.0 XEL Y 11.5 993. 60 65.0
BIERY 2.78 240. 20 81.0 SCBNEE 0.56 48. 38 60. 1
&% 31 2.6 224. 64 52.0 JB T LR 2.5 216. 00 46. 5
YRR A7 2.7 233. 28 54. 0 R ] 11.0 950. 40 49.0
BYFRG 3.4 293.76 59.3 BB K 2.0 172. 80 73.0
BV e R 5. 04 435. 46 59.0 FLi/h g 0. 68 24.19 56.0
XHEHNG 6.83 590. 11 51 LA 6.50 561. 60 30
H ARG 1.79 154. 66 62
RS RESHREMAKP yNa/yClySO,/7Cl 7 1 y
o Cl-NaZ!
= # S
BFLGRER 6 . ® }fj /K (sea water)
Table 5 Scale ratio of YNa/yCl and ySO, /yCl HCO;-SO,-Na%i!
in geothermal fluid in Jiaodong Peninsula 5
. yNa/ | ySO«/ | W fbBE KAk 4.
KFF . . , @)
vCl vCl (mg/L) H Y =
<
BRI | 0.824 | 0.090 | 2837.79 Cl-Na Z3
BRI | 1.254 | 0.265 | 1363.86 Cl-Na
WK% | 4.981 | 1.828 | 689.15 HCO; + SO4-Na 21
XEEHEY | 5.701 | 2.857 | 425.24 SO, « HCOs-Na (] y=0.85
LR | 2.339 | 1.528 | 481.96 SO, » Cl-Na s * % W
SCBHAS | 0.647 | 0.068 | 684. 32 Cl-Na * Ca 0 . i i i i i i ‘
KB | 0.749 | 0.220 | 6373.86 Cl-Na » Ca 0 5000 10000 15000 20000 25000 30000 35000 40000
FLi/hg | 0.757 | 0.114 | 639.83 Cl-Na + Ca WAL JiE (mg/L)
AT IR | 4.669 | 1.473 | 862.03 HCO; + SO,-Na
5 7 1L SR b B 2 4 ) |
£FFRG | 4.004 | 1.178 | 1795.66 | HCO; » SO,-Na B8 BARERA R A AFERES
FLILSH | 3.501 | 1.547 | 2551.25 SO + Cl-Na YNa/yCH B R A
IR ARS | 0.679 | 0.045 562.41 Cl-Na « Ca Fig. 8 Relationship between geochemistry type and
MRS | 4.497 | 1.307 | 10047. 74 HCOs + SO4-Na YNa/yCl-TDS of hot springs in Jiaodong Peninsula
WA | 5.720 | 2.136 | 939.26 HCO; + SO,-Na
BIEA B 0.953 | 0.057 | 5450.01 Cl-Na 5.2.2 vSO,/yCl
IHE A | 2.192 | 0.833 691.13 Cl + SO, « HCO;3-Na ﬂj‘ﬁ@ﬁ%%ﬂl(yS()q/yCl)?‘éﬁ?iﬂ?ﬂ( E/J/fhﬂilf_‘)ﬁ
K 0.85 | 0.10 | 34800.00 Cl-Na N, " ‘
R85 0 IA N BB AR B (vSO, /yCD /s J i
5.2.1 9yNa/yCl T KA df AR R A S =2 s A R 2

8 JT K (yNa/yCD Al LISz e T oK e 46 742 it
E J3E AR B T2 7K St BR AL 2 BRI 3 8N O 8 o R
B (yNa/yCD /), 3 K 5 P B LB ok 46 . 72 o
BT B2 S b RO DR KR BR BT L B R BT R 4
(yNa/yCD/INF 0. 85, Wb T 7K — & BUARK » Fe
WM A b T b A 45 R A T AR Ji AR 8 (yNa/
YCD B, W R /K75 gl 21

MIE 8 AT L i, K2z R0 Cl-Na, Cl-Na
» Ca BB HLARIK (9 yNa/yCLAE % i 123 s & /N T
g 7K1 yNa/yCL{E 0. 85, Wy M oK AL T HE B 45
RN o - 9 RIS KPR S S R R A (S ]
A 5 oAb s B B yNa/yCLE S 38 K T 2. 35 K
TR yNa/yCLAH 0. 85, S By it A i 7
5if » 3t BAOK I Bl 5 Z1 L n] RERTRE ) Bk

T AL AR R ySO, /yClL AT LR BE (& 9) L 7Kk
225 3y Cl-Na, Cl-Na « Ca %I i 1 4K 1y vSO, /
yCU{A % 38 422 305 5 K 19 vSO, /yCLAA 0. 10, ) By
b RIK S P M A o A DT G 2 D R TR A b A K
5K IR AR 5 LR 05 oAt b A H g SO, /yCl
fH3% 35 K F 1.00, g i K F 8 K 19 yNa/yCl {4
0. 10, [ WAy 3 K 7K Bl g 50 855 B AT 44 2 ] B g
JIH R,

M AR Z B (yNa/yCh | B B £ %k (vSO, /
YyCDO A L) % 31, Cl-Na, Cl-Na « Ca B3 K 7k 55 5
INBE B PR AT b T KA F A RPIR A . B b
JE 5 25 & s HCO, + SO,-Na, SO, « HCO,-Na %
Hb AR 7K Bh ) 08 5 P M 2 L R K E Sham gl
WAk B A A
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Fig. 9 Relationship between geochemistry type and
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vSO, /yCI-TDS of hot springs in Jiaodong Peninsula
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Schematic map of geothermal fluid replenishment row and deep cycle process in Jiaodong Peninsula
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Abstract

Jiaodong Peninsula is one of the regions with the most abundant low-medium temperature convective
geothermal resources in the eastern coastal areas of China. This paper discussed hydrochemical and
recharge characteristic, heat reservior temperature, geothermal circulation depth and renewable capacity
using hydrochemistry analysis of geothermal fluids in Jiaodong Peninsula. Geothermal fluid samples from
15 natural hot spring and nearby bedrocks, as well as Quaternary water systems were analyzed using
routine water quality and deuterium-oxygen isotope analysis. yNa/yCl and ySO,/yCl ratios of geothermal
fluid, along with pipeline model and fault zone model, indicate that geochemical types of geothermal fluids
in Jiaodong Peninsula are dominated by Cl-Na or CI-Na * Ca type and HCO;  SO,-Na, SO, « HCO;-Na
type, with salinity of 0.45~7.68g/L and pH 7.3. ~8.63. The geothermal fluid is mainly derived from
atmospheric rainfall, and no connection with the shallow groundwater around the geothermal field. The
circulation depth ranges from 1.5 km to 10 km, suggesting that geothermal fluid belongs to deep-
circulating geothermal fluid. The geothermal fluids in the study area have not reached the water-rock
equilibrium. For geothermal fields with geothermal fluids with high ratios of yNa/yCl and ySO, /yCl, their
corresponding geothermal circulation depth is relatively shallow, indicaitng that the geothermal fluid
hydrodynamic environment has poor sealing performance and strong renewability and geothermal fluid is in
the continuous recharge-runoff-discharge process. Some geothermal fields with ratios of yNa/yCl and
vSO, /vCl close to seawater result from the deep and long circulation of geothermal fluids and the
decarbonation of geothermal fluids. The analysis of hydrochemistry characteristics of low-medium
temperature convective geothermal fluids in the Jiaodong area will help to enhance people’s understanding

of the formation mechanism of this type of geothermal resources.

Key words: Jiaodong Peninsula; geothermal fluid; hydrochemistry; water-rock equilibrium



