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Fig.1 Distribution of geothermal wells in the study area
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Fig.2 Geological section A —A’ of the study area
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Tab.1 Geothermal wells Information in the study area

Filig , . ]
A G Em BEDUR ngﬁf igg ﬂgﬁzcﬂa
BB/ m
AR RIME 660 609  609~660 Fi_;  28.3
DQl  RAME 1305 612 612~1305 F,_,  28.5
ZTDRL 48 1800 598 1200~1800 F,,  42.0

I DX i KK T3 AT 7 B DR 258 G T SR 1
7 Bty SR , BB g Kty 38 e e e
i, 8 T BRI PRI, S KR A
REME AR E,

IFTE X R LA S e i, AR H A 0 L 0 He
SRR (EZ) 2 °C/100 m, JCH i Y MR A 2 S
WX WXL T & R B LI, i T 5
TETHRVREEIS , KA (AR (48 ~50 mW/m”) , J2
AR A PR AR X

2 HAEKRIE

AU FE A T A R B 1) R A &R A
TR KA AT R AL A5 2 A KA B
INASERILZE 20 FERLAE A ARG IRER DY r 7= B U
S BRI s K v [ 1 4 4 B SR L AR R
A FEIINIR, {X4% 4 IRISIntrepid I 43 HL 4% T
TR S TU - 1810 XU KA T AFS -
820 JE7- L e G BT AFS - 8520 J -2 6y
JEEET ICE3500 Jii1- M 4 73t 6 B 31  XSeries2
U 45 4F B TR B0 X PHS - 3E IR T
UVT752N 480] W43 5656 B8 11 & TRISIntrepid I XSP
SR TR SR

[ 037 28 3 BT A i 2 20 PN A A e R A
HBFRIRARE D (2 ) LA K i A B O 6 T 3 T 7K A
(3 4N) AP HT IR A SR I 3. 6D 1670 [HfL %K
FEARTE B IR BT IR B KB 5 TR E S =
LS DUES I3 95 3 % ( Beta: Analytic Inc) 32,
HC RN TE B AR IR L T KT SR K B FREE i v
O S S DU 3 A S 0 2 0, A 121301 [H]
{3 2 53 A% Quantulus1220 8 I A Ji A N PR %

x2 PHREMHKEZKRUFAR

Tab.2 Main hydrochemical composition of geothermal water in the study area

p(B)/(mg - L")

> L1 SR AE N
HES  RRER KE/ST K* Na* Ca®* Mg * e S0%- HCO; F-
2015.5 25.1 32.08 1 612.00 565.10 94.74 2 340.90 1 768.23 98. 69 2.95
BRI 2016.5 28.3 25.46 1 592.00 524.00 95.70 2 361.57 1764.79 83.77 2.61
THME 26.7 28.77 1 602.00 544.55 95.22 2 351.24 1766.51 91.23 2.78
2018.9 41.0 28.30 1471.75 532.46 11.91 2 163.70 1 467.80 111.85 2.51
ZTDR1 2020.4 42.0 33.00 1 745.00 600.70 19.24 2 575.29 1 673.59 74.07 3.08
SEI(E 41.5 30. 65 1 608. 38 566.58 15.58 2 369.50 1570.70 92.96 2.80
. B)/(mg -« L~ MR/ TDS/ 22 Rn/
i REEAEA pH {1 Br- H25i05< : EIB?;Q : Li Sr (mg-L7") (mg-L7") (Bq-L™")
2015.5 7.42 6.00 29.09 20.00 1.22 13.45 1 801.37 6 495.15 253.23
Rt 2016.5 7.54 7.20 28.40 19.75 1.11 12.17 1 702. 68 6437.11 625.70
TFHIME 7.48 6.60 28.75 19.88 1.17 12.81 1752.02 6 466.13 439.47
2018.9 7.80 0.20 30.58 3.22 1.88 13.42 1 378.60 5 750.00 12.53
ZTDR1 2020.4 7.37 2.96 38.62 2.82 1.16 14.22 1 610. 65 6 656.00 11.98
SFHE 7.59 1.58 34.60 3.02 1.52 13.82 1 494.63 6 203.00 12.26
#3 MARRZFABMTKEACCEHARNIXER (8:3%)
Tab.3 Test results of isotopic composition of various B BKE KE/ Dyswow”  8%O0yswow/  MC F
types of groundwater in the study area e AR5 C %o %o AR/ ka
B akE K Dwewon/ 8 Oveon/  MC 250 K € -0, 15.8 -60 -8.4 1.9 20.17
o M5 C Yoo %o i/ a A e —00 157 -2 8.6 3.86:0.22
SR AT 283 ~74 ~10 15.81 £2.17 Jert
ZTDR1 AT, 42.0 -73.4 -9.7 7.01 ILE Q 16.5 -67 -9.3 3.46 +0.17
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TN 28 T E L ( Accelerator Mass Spectrometry , AMS)
K ke g [F i 2 e i %Y (Isotope Ratio Mass Spec-
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Fig.3 Piper diagram of geothermal water

samples in the study area
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Fig.4 Rose diagram of main ion components of geothermal water in the study area
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Fig.5 Relationship between 5D and 6O of various types

of groundwater samples in the study area
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I PR R KA 5 28 LA AR A R
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Fig.6 Gibbs diagram of geothermal water and normal temperature groundwater in the study area

SR XA LR G AR R A 2 L, 5
s KA B AINA SRR YN
Fo BT RTERE T K 32 B A Y
R P BA BB . WK Na®
5 Cl B /R EE L 101, WK Na ™ 5 C1™ 3R
JEFEA D . PP XK Na™ &5 C1™ 9 )28
IRURE H IR T LB 7 () ), RIIHEOK ) Na ™
5O FERE THE WM, & T K
p(Ca’" +Mg*" ) /p(SO;~ + HCO; ) =1, H] Ca’"
Mg BRI T RERR R AR IR L 1y i = o WF
FEIXHIFIK p(Ca®* + Mg™* ) /p(SO;~ + HCO; )
INFL(ET(b)) , A BOK b SO;™ A1 HCO; &
Il ), ek R AR VA AR AR D o S, X R

100
80
260
g [Na'|={CI]
At
&
S 40
Z
QU
20
o AR
A ZTDRI
0
0 20 40 60 80

p(CI/(mmol-L)

(a) CI" 5 Na™ FiEKA

Fok 2 R V5 it 2o A v AN A A 18 Na ™ [R] B AR BGOK ==
HCO; , £WHI UK H 1) Ca®* Il Mg® " E R IE T
RERRER 0 W i, 3% 5 AT ) 1y 32 R Ak
FRERE W& o (HZ, BT X b FROK b HCO, ¥k B
BN, X AT R AOK R G R TTTEAE T B 45 21
& Ca®" (HCO; Myt R /AKAEAR i A b i T g
VEFIR R T Ca®* il SOL™ (M BE , 7 [ B 250 il
PAIR L [FVE R 742 CaCO, TTHE , K DTTENE
R Ca®" 55 SO~ e JF AH 22 & ok, A B 79 #E
HCO; ' B inih F 7k s Ca®* + Mg®* fl HCO; %5
LKA AN A SRR ER T YV R
N Ca®* /7HCO; &(Ca** + Mg’ ")/ HCO; EE/R L I
F12, WX H ORI T 1:2 R REK BTy

50

45}

40 [Ca**+Mg*]=[HCO;+S0;} ]

351 [ ]

30 f

p(Ca*+Mg?")/(mmol-L")

251 o &Rk
A ZTDR1

20
20 25 30 35 40 45 50

p(HCO +SO} )/(mmol-L*)
(b) (HCO; +S037) H(Ca** + Mg ) S XA

7-1 HRRMHPKTETLEZEXR

Fig.7 -1 Relationship between main elements content of geothermal water in the study area
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Fig.7 -2 Relationship between main elements content of geothermal water in the study area
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Tab.4 Mineral saturation index of geothermal

water in the study area

TR (ST

Hai FE— ; . PR
MOH  EH O Ral 6E A% WO

SUR3E -0.42 0.20 -2.09 -0.21 0.62  2.06

ZTDRI -0.38 0.09 -1.77 -0.25 0.47  2.30

M 4 RIH, RHE A SR A B AL T i A
RZS(SU>0) , Al LA — Ak s POR bR 52 2
2, MEAG S S5 5 nT BRI BR B D o o A1 DR R 2
EAERAR AR SCHEA T

AP AR (TCZE VR R ) T AR

_ 1309
5.19 - Ig p(Si0,)

ERERAR AR

-273.15 , (2)

~ 1 302
T 4.69 - 1g p(Si0,)
K (2) MK (3) . p(8i0,) 2y Si0, %, mg/L; T
SRR, C .

I A8 A Ak AR s 358 7 % RO A
WS,

£5 AR EAEERERTERA AR

Tab.5 Calculation results of silica geothermometer

T

-273.15 . (3)

AfFEE/C
I ey
EHEIRAR AHIRAR
AR 46.2 77.7
ZTDRI 54.4 85.4

A EBEEAR TR RO X PGHIRLEE Jy 46.2 ~
54.4 °C Aol bR TS RIS IX AR Sy 77. 7 ~
85.4 °C, IR, R A Sl b 58 3 E B B s
TRERRR TR AL , 1 PR A o 1 M RO
EHEMRIRZ . ERERIAEBOEGE T 0, A1,
F I BB AR TS XA PR BB &

B A0 E AT X AR O 46.2 ~54.4 C,
4.1.3 - BAER

IR — 8 5 28 ]y % iR ORAE R P78 7K
TR A BN AT BE I FAERLEE Y o Ay B R W, B Y
XHHORLE b I R b 2 2 7R KRG, I,
M AL A - AR L E A5 M HOK S K TR A
oA B n] BE R AL B2 o SRR I AR Si0, iR
ORI R DR 5 K 2 3 8 1) 5% AR ml e o T TR R
SURACPE T AT e e BE T 3t 1 B
6, Y <100 C Iy, MK AR 5 itk B2 LU
HHAE o BUIFSE XV 7K 27K 15. 8 C (WS X8
TR AP E{ED 127K Hp Si0, [P 2 35 50 22. 49
mg/ LOWFFE X T T K15 ) o

R6 EEERETHARERERBSKIE

Tab.6 Quartz solubility and the enthalpy of liquid

water in selected temperature

i/ °C ¥/ (cal » g 1) Si0,/(mg -+ L°1)
50 50 13.5
75 75 26.6
100 100. 1 48
125 125.4 80
150 151 125
175 177 185
200 203.6 265
225 230.9 365
250 259.2 486
275 289 614
300 321 692

T BRI T OCHR 28]

MR — K 5 R 2 70 A7 A BF 5 X% A
IKRERIAS (S10, £ i 5 3R A9 R RO &R, AL AT Bl
VR KIRAB HEA, X RO 88 DA AR ol [
9 AL, RPN ERK B9 7 K TR A EL B 204 0. 88,
MBHIELRE 2 121 °C 5 P AR BOK VR KR AL
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Fig.9 Diagrams of cold water mixing proportions in Dasunzhuang(left) and Zhongtulou( right)
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Hydrogeochemical characteristics and genesis analysis of geothermal
water in Pingyin of Shandong Province

LU Zhaoqun, PENG Mingzhang, DONG Yan, QI Xiequan, ZHU Guangji, MENG Xiangxin
(Shandong Geological Prospecting Exploration Institute of China Chemical Geology and
Mine Bureau, Shandong Ji’ nan 250013, China)

Abstract: The 3 existing geothermal wells in Pingyin of Shandong Province are rich in physiotherapy mineral ele-
ments, with high physiotherapy value. Based on the hydrochemical and isotopic analysis data from previons
works, the authors in this paper dissected hydrochemical characteristics, recharge source, formation age and water
—rock interaction process of geothermal water, and estimated the temperature of heat storage, the proportion of
cold water mixing proportions and the depth of hot water circulation. The results show that the hydrochemical types
of geothermal water in the study area are all Cl -+ CO, — Na + Ca, and the source of water recharge is atmospheric
precipitation, with the supply elevation of 274 ~277 m. The apparent age of “C in geothermal water samples is
15.81 ~7.01 ka, indicating the mixed water is dominated by the ancient water. The occurrence of geothermal wa-
ter was in different concealed base fault zones, but the solute component of geothermal water mainly comes from
the dissolution of silicate minerals, meaning the similar hydrogeochemical process. The geothermal reservoir tem-
perature calculated by chalcedony temperature is 46.2 ~54.4 °C, while the geothermal reservoir temperature esti-
mated by Si — enthalpy model is about 121 ~ 122 °C , with cold water mixing proportion of about 0. 76 ~0.88. The
circulation depth of geothermal water is 1 428 ~5 139 m.

Keywords: geothermal water; hydrogeochemistry ; isotopes; geothermal reservoir temperature ; Si — enthalpy mod-
el; circulation depth
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