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Fig. 1 Regional tectonic units
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Table 1 Hydeochemical composition list of geothermal water

gAY b it R

K'/mgL" 10.80~19.95 31.10~41.50
Na'/mgL’ 1540.00~2 036.25  1541.00~1 896.25
Ca’’/mg'L" 6.01~131.90 230.46~720.00
Mg*/mg'L" 12.15~39.80 35.84~144.00

CI'/mg-L" 1896.58~2 746.69 3 008.82~3 163.91
SO /mg-L” 566.75~999.02 315.80~1 198.00
HCO; /mg'L" 79.33~299.00 146.45~275.00
Wik L 4.19~5.96 591~11.10

pH 7.35~9.43 6.50~7.29

TR A Cl-Na Cl-Na

b 25 At b PR I 5 I At b R K ) B BH 5 7
¥ILL CURI Na™h 3, Horr, CIU& 543 51 0 1 896.58~
2 746.69 mg-L™" il 3 008.82~3 163.91 mg-L™', Na & &
43504 1 540.00~2 036.25 mg-L™" H1 1 541.00~1 896.25
mg'L ' TEMRELSAE T O LR A pH (H: fb 4
it H B K B4k A 4.19~596 gL, pH N 7.35~
9.43, v ME—55 BB K 5 S i P R OR A
5.91~11.1 g'L™", pH N 6.50~7.29, 4% R 58 J& 4325
7K (6.5~8.0)

R T MR KR R 43 R AE DGk, JE T SPSS
S HTARTRL B B A AH O R B (3R 2), YA R 5L =1
Ik 58 4 IE A G, r=—1 B S 58 2 B G, |l 1,
FRFEHA MR B I, @ L SPSS [ AH M4 #T,
FE A5 AT BT 10 32Rh 2 - 0 SR IR, AT B 407 Ml 156 Y i B4
VGBS

M2 2 1, TERD A g b oK ) AT SO; Al
HCO;, pH 5 CI A AH & % 55 41-0.667, 2 Wl R 7K
PR B A7 BRI Y, M HOK T TR S
Na', Mg”', ClI'. HCO; #fl & e 3, Ca™', SO; IR Z,
KWW X 27 T iR Z A IR AR, S Bub i 2
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A oK, 5 E # R KA EE B3 . Na Fil CI
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Table 2 Correlation analysis of ions based on SPSS
Pfie Ay BFARSCE K’ Na' Ca® Mg™ cr Nora HCO;  wfbfiF pH
K’ 1.000  0.666  —0.232 0.571 0.501  —0.155 0.696 0.495 0.311
Na' 1.000 0.455 0.932 0.872  0.549 0.969 0970  —0.376
Ca™ 1.000 0.660 0.725 0.506 0.436 0.657  —0.966
Mg” 1.000 0.980  0.393 0.936 0.966  —0.593
et RN ,
g Cl 1.000  0.333 0.878 0932  —0.667
Ak
SO?{ 1.000 0.508 0.611 —0.481
HCO; 1.000 0.964  —0.356
WALEE 1.000  —0.590
pH 1.000
K’ 1.000 0738  —0.731 —0.737 —0.476  —0521 -0.887  —0.560 0.663
Na' 1.000 -0.677 —0.891  —0.187 —0.958 —0.868  —0.306 0.947
Ca™ 1.000 0.929 0.849  0.608 0.932 0.907 —0.829
U Mg™ 1.000 0.596  0.857 0.964 0.688  —0.976
LR R cr 1.000  0.112 0.629 0.992 0.419
Eplae i : : : : ‘
S0 1.000 0.759 0.225  —0.948
HCO;3 1.000 0.720 -0.910
AR 1.000  —0.521
pH 1.000

HCO; AH & PR /N [RIRE I T 3 A [l B, Rk B2
e KA RN 13 R 7K b Ca® 5HCO; A 61
N R . Ca’ 5 SO HH 56 R HR 0.506, W b 2
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FHE REFI T 0.9, B U6 5 %) & & R
TRIR AR

2t WA AR, MG R S R IR SR | BRR R A
W, b SORE R0 5 R 8 A il A K R T 1) 4 DB
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Table 3  Principal component analysis of geothermal water based on SPSS

[ 2L A S HIUA b H
T b A oK AiE ok

1 2 3 1 2 3
K' 0.461 0.881 -0.107 -0.815 0.000 0.579
Na' 0.945 0.281 0.165 -0.863 0.501 0.059
Ca” 0.716 -0.664 -0.216 0.955 0.285 0.082
Mg™ 0.980 0.116 -0.164 0.989 -0.088 0.119
Cl 0.961 0.033 -0.276 0.657 0.747 0.103
Noys 0.569 -0.385 0.726 0.790 -0.574 0.213
HCO; 0.940 0314 0.130 0.991 -0.010 -0.137
LR 0.995 0.053 0.090 0.745 0.663 0.080
pH -0.652 0.722 0.231 —0.940 0.291 -0.178
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Fig. 2 Piper diagram of hydrochemistry of sandstone and karst geothermal water
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Fig. 3 Na-K-Mg equilibrium diagram of sandstone and karst geothermal water
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Table 4 Reverse hydrogeochemical simulation based on

A28 C AR, i BUK A AR R IR,
iR o B 8> WG ) & S X B: W R o S
B, nT LA E AN R TR

R DX P b BAK  SRURM 28 TR AT (3 5), b
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Table 5 Hydrogen and oxygen isotope data of geothermal water

in sandstone and karst reservoirs

PHREEQC

AL i&Tﬁkiﬁﬁ%ﬁé ‘

WaiviE A

747 CaCO, 3.878x107* —2.966x107

H 2 £1CaMg(CO,), 1.129x10°  6.739x107
HEhNaCl 2.389x10°  —1.243

18 CaS0,2H,0 2.297x10°  4.543x10"

K ATKAISI,Of 8.452x10

FFITK .65 { AL[ Al 5Si; 350,0](OH), } 3.796x10

Fr =) BURES, M e S/m SD-"H/%  6'°0/%o
ToAs 5.0 -73.0 -9.2
‘ ) b 22.0 ~70.0 -85
HEARRH KB 22.3 -67.0 -9.2
wakgs - ‘ '
T 17.0 -73.0 -8.7
Kz 10.0 -71.0 -8.5
P 19.0 -77.3 -10.6
o THE 20.0 ~75.0 9.5
RRRER T 17.0 75.0 9.7
AR N : ‘ ‘
KRR 19.0 -80.3 -9.9
T 22.0 -80.6 -9.6
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R, AR TR AN K o
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SR 3 1 3 AR, R O T BT W, L
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~273.15 )

xR 6 MFUKKEBERAERE

Table 6 Geothermal water temperature and thermal reservoir

temperature
P2 HOKR/ ¢ AR/ C
BT 2R P 2 b i 50~58 66
FER R WL 2 A A A 65~70 72

A K-Mg Hi IR AR 530 A% R B L8 A 33 b A
IKBIPEERRRE (3R 7)), iHE AR R

t=t0+mr (3)

P R IE, Cs 0 R IR, °C;r i
WBERE, C-hm ' b AR AT B, my B R HAOK
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R7 HPGER MRS E R MPKIEINRE
Table 7 Geothermal gradient and depth of geothermal water

circulation of geothermal reservoir

PR IR BLEE/°C-hm ' EFRIEEE /m
L 22 0E P LD A i 3.70 1420
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B H596.57% m AS1.50% miHS1.20%
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Table 8 N,-Ar-He ratio in geothermal gas
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Table 10 Composition and characteristics of CO, isotopes in geothermal gas
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Comparative analysis of the genesis models of different geothermal reservoirs in
Chengning uplift area in northwest Shandong based
on hydrochemical isotope technology

CUI Rui"’, WANG Xuepeng™*’, FENG Bo'?, LIU Xiyao"”, FENG Shoutao™*’, LIU Shuai**’

( 1. Key Laboratory of Groundwater Resources and Environment, Ministry of Education, Jilin University, Changchun, Jilin 130021, China;
2. Engineering Center of Geothermal Resources Development Technology and Equipment, Ministry of Education, Jilin University, Changchun,
Jilin 130021, China; 3. The Second Team of Hydrogeology and Engineering Geology, Shandong Provincial Bureau of Geology & Mineral
Resources (Shandong Provincial Lubei Geo-engineering Exploration Institute), Dezhou, Shandong 253072, China; 4. Shandong Engineering
Technology Research Center for Geothermal Clean Energy Exploration and Reinjection, Dezhou, Shandong 253072, China;
5. Dezhou Key Laboratory of Deep Geological Energy Saving and Carbon Reduction, Dezhou, Shandong 253072, China )

Abstract The Chengning Uplift Area is one of the important areas rich in extremely abundant geothermal resource
in China. At present, geothermal resources in the study area are mostly used in the fields such as bathing, medical
treatment, and heating. According to the existing geothermal geological data and analysis results, the total geothermal
resources in this area are 1.70x10” J, equivalent to 57.86x10° t of standard coal. Therefore, elucidating the genesis
model of geothermal fields in this area is of great significance for the sustainable development and utilization of
geothermal resources. This study uses hydrochemical isotope technology to compare and analyze the genesis of the
sandstone thermal reservoir of Guantao Formation and the Cambrian-Ordovician karst thermal reservoir in the
Chengning Uplift Area.

The research results indicate that the cations in the geothermal water from sandstone and karst thermal reservoirs
in this area are mainly Na', and the anions are mainly CI". The mineralization degree of geothermal water in sandstone
thermal reservoir is 4.19-5.96 g-L "', with a pH value of 7.35-9.43, indicating neutral to weakly alkaline water. The
mineralization degree of geothermal water in karst thermal reservoir is 5.91 —11.10 g-L"', and the pH value is
6.50-7.29; therefore, it is classified as neutral water according to its acidity and alkalinity. The geothermal water from
sandstone thermal reservoir in this area is a product of atmospheric precipitation infiltration and replenishment during
geological history, supplying water by lateral runoff. However, the geothermal water in karst thermal reservoir does
not directly come from the nearest infiltration recharge of atmospheric precipitation, but through a longer distance
runoff process, which has an obvious phenomenon of hydrogen and oxygen drift. The two sets of elevation of
geothermal water supply, temperature of thermal reservior and depth of hot water circulation are respectively 459 m
and 557 m, 66 °C and 72 °C, and 1,420 m and 1,795 m. From this, it can be seen that geothermal water in the study

area is in a well-sealed geological environment, without shallow water mixing, and is deep circulating geothermal
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Taking the groundwater in Laoshan district, Qingdao City as the research object, we mainly focused on the issues of
groundwater chemical characteristics, groundwater chemical processes, the degree of seawater intrusion and its impact
on groundwater. In addition, under the theoretical guidance of hydrogeology, we analyzed the characteristics of
seawater intrusion and evolution of groundwater hydrochemistry in the study area by means of data collection,
theoretical analysis, field investigation and sample collection and testing. The research findings can provide a scientific
basis for the rational development and utilization of groundwater in the area.

The results show that the groundwater in the study area has Na’, Ca™, CI, and SO?[ as the main dominant ions,
and most of the groundwater chemistry types are Cl-SO,-Na and SO,-Cl-Ca-Mg types. The Cl concentration in the
groundwater varied considerably and its mean value exceeded the cut-off value for the presence or absence of seawater
intrusion (250 mg-L™"), indicating that some degree of seawater intrusion may have occurred in groundwater.
Groundwater in the Laoshan district of Qingdao City is neutral to weakly alkaline (mean pH=7.0-8.0), which is an
effect of long-term hydrogeochemical processes in the coastal area. The results obtained by the PCA model show that
changes in groundwater chemistry are mainly controlled by natural factors (rock-water interaction) or anthropogenic
factors (agricultural and domestic activities). The five chemical characteristics of CI, mineralization, SO,
yCl'/YHCO; and SAR were selected as evaluation factors. Based on the inverse distance weighting (IDW) method and
geographic information systems (GIS), we achieved the spatial mapping of seawater intrusion locations, showing that
the seawater intrusion, in Laoshan district was mainly distributed in the intrusion sections such as the east of Jiangjia
Tuzhai—the north of Puli community, the area of Wanggezhuang-Gangxi-Gangdong, Yangkou bay and the area of
Danying village-Quanzhou island. The study results are of great significance for the use of groundwater resources and
the prevention and control of seawater intrusion in Laoshan district. In addition, the research ideas and methods

provide a reference for the study of groundwater genesis in other coastal areas in the world.

Key words groundwater quality, coastal aquifer, hydrochemistry, chemical evolution of groundwater, seawater

intrusion, Laoshan district
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water.

In addition, the research results also reveal that the supply area of geothermal water of Chengning Uplift is
located in the Mount Tai area, and the heat source of its geothermal system is the heat flow conducted from the deep
crust and a small part from the upper mantle. The deep fault in the study area generated a certain amount of frictional
heat during its active period, and also served as a good channel for underground heat flow, connecting and conducting
upwards the heat generated by magma in the deep crust and upper mantle. In addition, the area is a sedimentary basin
with deep depression, which generates gravity compression heat under the pressure of the thick Meso-Cenozoic
sedimentary layer. The heat generated by these sources is stored in the pores and cracks of the thermal reservoir under
the thermal insulation effect of the cover layer with strong thermal resistance and poor thermal conductivity, and is the

main heat source for the formation of hot water in the area.

Key words the Chengning Uplift Area, hydrochemistry, isotope technique, genesis model of thermal reservoir,

geothermal reservoir
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