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Fig. 1

Geology and distribution of geothermal wells in the study area

1. Quaternary Baiyunhu Formation 2. Quaternary Dazhan Formation 3. Neogene Baluohe Formation 4. Triassic Sunjiagou Formation 5. Xiaofuhe Formation of

Permian Shihezi Group 6. Kuishan Formation of Permian Shihezi Group 7. Wanshan Formation of Permian Shihezi Group 8. medium-coarse monzonite 9. sillite

10. gabbroporphyrite 11. measured and extrapolated geological boundaries 12. extrapolated angular unconformity boundary 13. measured and extrapolated tension-

torsion fracture and its occurrence (The tooth trace shows the direction of the inclined falling disc.) 14. number and depth of geothermal wells/m 15. buried stratum
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Table 1 Information of geothermal wells in the study area
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Fig. 2 Temperature curve of geothermal wells in the study area
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Table 2 Results of terrestrial heat flow of Zhangxiu No.1 geothermal exploration well

ik HEEE/m  FEE/m IR CkmT O BMER/W-(m Q)T BHE/MW-mT SFIPGRE mWeom”
KA 975~1 170 195 21.03 2.99 62.9
MASE  1170~1200 30 16.67 3.29 54.8 455

A 1200~1 517 317 11.36 2.99 34.0
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Table 3 Main hydrochemical composition of geothermal water in the study area
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| 2.41 3.10 2766.27 6 602.05 28.74 1.90 1.53 15.93
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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



16 A

2024 4

10 000

\

_ 1000 4
=
&0
£
EEH | i ‘
o s s : |
L — —— —
- Ttk 1
R |
|
10 T T T T \
Mg Ca NatKk Cl SO, HCO;

5 WFRXHmI#IK Schoeller
Fig. 5 Schoeller diagram of geothermal water in the study area
IR [ M FAOK X BRI £ 5 14 VS U AN T, B b
POKAE [0 RFER TN Wipaz ¥ 1 A2 v, 540 1 ¥ i A
Vs ik ok AR AT T, DR T T i B s UK B B
TR Ca’ i aE, W) I B 9 5 CLA TDS
ol
22 WETERAS
WFFEIX 3 10 PO oK b 2 35 A s 3 B A AR

CF¥ &5 13.09~15.93 mg- L) . R CFH & & 2.01~
241 mg L"), #ECEH & 1.48~2.03 mg- L) | ffill
iR P38 B 1.21~1.90 mg L) Ko fiw ik 2 (7249
25.99~33.10 mg-L ) 4 fim on R 45y, i 8 T A E)7
(B B —fim A4 0 /K e B2, ELA A8 e O 38 7 AR (L

SRSk, BFFEIX 3 10 H K b B R T
F UL B P AT, (N w8 5 i 2 A X B
(B 6) o WF7E X #2251 I 2220 i s —
e, PR, 0 PR A2 21 5 BRI T K A
fiE Ve, HAEA AR A K SO BR b2 R

b IR R Bl T R 4 o A RO R —Fp
SR A IEVE R, 5 — R R TR R, Bk
PRI VR B 1) Na FT C1 Ut B LA b A e 0 i A B i,
AT ZE i Ul e e SR 2 B8 58 40 A Vi 1 1L v B
WITE, AU T & & 2 Fh i oo R 415 1 Hh Ak
WK 53— I, XN GRS 2 WA # AR A2,
RABT T g AN BB A
M3k S A B A Y FL Sty SO, Li & i n R,
o FKFER AR P A eh, th TR g, K
YERIZE 3, 00 R0 T 3R 32 P S i AR 1 4 | il
ZE LA R B 1 A AL 2 G 25 5 2 TR R M R

18 a Sr 4 b F 41 C Li
16 4
14 ]
o 124 o o
on on
£ 104 £,] £,
o g I g
QI 41 o
B8 6 & B
4
2 4
O ° v e =7 =7 e vy 0 - v e =7
=HE1T O mET1 ESH w1 T WL w1 T WS
) HBO, 40 - H,SiO,
d e
35
5 5
&n &p 30 4
E E
i) I8 55 |
P e 25
= 20 1
E E
15 4
0 - = e =y 10 - = SEL =7
A1 wT LSS 0 SR ol B |

6 MRXMHAKHMETEASSENLE

Fig. 6 Comparison of trace element contents of geothermal water in the study area
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Fig. 8 Relationship between main element contents of geothermal water in the study area
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Table 4 Main hydrochemical compositions of groundwater in recharge, runoff and discharge areas

. - KA 5 fmg L A
X RIS — + o 2 - KA
K Na Ca Mg Cl SOy~ HCO; TDS
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Fig. 9 Variation of main ion components in karst groundwater
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Table 5 Isotopic compositions of representative water samples in and around the study area

(A E R FE A 3D VSMOW/%o 30 VSMOW /%o AR 5350 % HCRMAF I /ka
w1 Hi#oK —75.00 -9.9 12.85+1.55 16.96+1.0.00
T HuFAIK ~74.58 9.8 51.10+0.80 5.55+0.08
w1 oK —74.00 -9.9 2.75+1.29 29.71+3.87

[E)ic s HR K —69.00 -9.1
i KAREK ~58.00 -8.1

TE: F BRI TS0k [16]. [27].

Note: Data marked with "*" in above table is derived from literatures of [16] and [27].
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Table 6 Hydrochemical characteristic coefficient of geothermal

water in the study area
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Table 8 Estimation results of geothermal water circulation depth in the study area
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Hydrogeochemical characteristics and genesis of geothermal water
in northern Zhangqiu

LU Zhaoqun, MENG Xiangxin, QI Xiequan, ZHU Guangji, LIU Kaili, YIN Xiuzhen
( Shandong Geological Prospecting Institute of China Chemical Geology and Mine Bureau, Jinan, Shandong 250013, China )

Abstract The northern part of Zhangqiu district in Jinnan City has developed a thick sedimentary formation from the
late Paleozoic to the Cenozoic. In this district, relatively well-developed fault structures and magmatic rocks provide
good geothermal conditions. Abundant geothermal resources have been discovered in the study area, with three
geothermal wells located near the fault zone. Therefore, establishing the genesis model of geothermal resources is
significant for their future sustainable development and utilization.

Based on hydrochemical and isotopic data of the study area, hydrochemical characteristics, water-rock interaction
process, recharge source and formation age of geothermal water have been analyzed in this study. Besides, the
elevation of the recharge area, thermal reservoir temperature, and depth of hot water circulation have also been
calculated. Research findings show that geothermal water in the study area is composed of CI-SO,-Na-Ca or SO,-ClI-
Ca-Na, whose hydrochemical components mainly come from water-rock dissolution in the similar hydrogeochemical
process. The source of water recharge is supplied by atmospheric precipitation, at an elevation from +563 m to +616
m. The '*C apparent age ranges from 5.55 ka to 29.71 ka. The geothermal water is mixed with modern water and
ancient water. The chalcedony temperature scale shows that the temperature of geothermal reservoir is at 41.9-52.4 °C,
with the circulation depth of geothermal water at 622—1,565 m. The study area is a small-opened karst hot reservoir
with deep circulation, during which geothermal water is heated up. Formation and enrichment of geothermal water are
significantly controlled by fault structures. The geothermal reservoir is of stratified and banded type, belonging to
geothermal resources at medium-low temperature.

Key words Zhanggqiu district, geothermal water, hydrogeochemistry, isotope, genesis model
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