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Yuan X F, Yang M S, Wang X C, Liu L Y, Zhong Z N, Li F Z. Study on the hydrochemistry, genesis and development potential
of Huleitang geothermal water in Weihai City, Shandong Province. Geological Bulletin of China, 2024, 43(1): 143—152

Abstract: Abundant medium and low temperature geothermal resources are stored in Shandong Province. Huleitang spring, located in
Weihai of Shandong province, is a unique artesian spring in this area. Due to some unidentified genesis of Huleitang spring, the
effective utilization of the geothermal resources cannot implement to a certain extent. In order to find out the genetic model of the
Huleitang spring, this study comprehensively uses ground investigation, geophysical prospecting and sample analysis to analyze and
study. The results show that the formation of the Hulaitang spring is controlled by Rongcheng fault in the region, and by Qinglonghe
fault and Tangxi fault in the local area. Its source recharges from atmospheric precipitation, and its heat source is geothermal heating.
The estimated recharge elevation is 436~559 m, the calculated geothermal reservoir temperature is 109~118°C, and the calculated
circulation depth is 2159~2368 m. In summary, the genetic model of the Hulaitang spring is as follows: recharges from precipitation of
Weide mountain area, infiltrates down along the Rongcheng fault and participates in the groundwater circulation system. In the process
of runoff, the water type of SO,*Cl—Na was formed with the temperature of 110°C about 2 km underground by absorbing the heat of
surrounding rock, dissolving and filtering, and water-rock interaction. Due to the increase of temperature and pressure, the hot water

flows to the surface along the structural fractures. In the upwelling process, it mixes with some cold water, and the temperature
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decreases. However, it emerges as a free-flow spring at the intersection of Qinglonghe fault and Tangxi fault where is distributed with

the minimum hydrostatic pressure. According to the evaluation and analysis of geothermal water development and utilization potential,

geothermal water of Hulaitang spring area can be used for physiotherapy, bathing and heating, which can provide 1840 beds for

physiotherapy, 460,000 people for bathing and 9.08 million m? for heating each year.

Key words: Huleitang; hydrochemical characteristics; genetic model; development potential; Shandong
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Table 1 Chemical analyses of Huleitang hot spring mg/L

STIE 20024FEH UK 20054E UK 20094E UK 20154 UK 20184FE B UK 20204E UK 20204F K 20204 KK

pH 8.2 8.0 8.4 8.04
K" 15.09 14.61 13.25 12.93
Na® 285.4 254.5 290.0 255.90
Ca® 38.8 32.03 38.16 34.31
Mg™ 0.98 0.49 <0.30 0.57
HCO, 79.33 78.23 76.57 63.86
cr 169.7 154.56 167.72 163.2
SO,* 350 350 371.18 3513
F / / 10.00 7.38
AJYASIO, 100 98 110 113.4
RERR 130 127.40 143 147.42
Li / / 0.31 0.29
Sr / / 2.62 222
TDS 1065.94 948.97 1077.48 982.91

8.36 8.16 7.31 733
13.56 11.6 242 3.13
262.10 281.4 36.62 31.81
34.33 38.01 66.86 67.17
0.53 0.68 25.61 22.97
58.05 76.8 115.8 176.2
172.78 163.9 58.12 70.03
357.67 352 70.52 72.16
5.89 8.72 0.33 0.29
108.53 100 30.33 18.51
141.09 130 39.43 24.06
0.3 0.434 <0.005 <0.005
2.2 2.458 0.548 0.606
985.25 1039 528.6 503.1

TE: 202048 A SR, Mk B Jit ] - FEURAR T /KA SRk BRI W e, LA i S e
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Table 2 Data of 3D and 5'30 in water samples
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Table 3 Estimated recharge altitude of Huleitang

Hha i /m

IRSRAFR BURE S FE/m §D/%0 5'°0/%o
23 (4)(8D) 23K (4)(8%0)

7] 15.48 -64 -8.8 436 559

(2) # 5

HT, O AR IRALRE A 35 Sh AR i . Hb il
W R R A A (PRI WIAE, 2018) . XN
WAE S E 2/ T 105~225 Ma Z Ja] (5K 145,
2007), T Hi oK B TE BLRHR] 28 5~10 a, DECH
30~40 a(5K ¥, 2011) . G, MHIKIE B4 % s
HIE BRI E, PR R 5 K0 Sh B AR AR T RE R
Ko A, BTt 8, X Aok o 15
A Ra. Rn. U S o2, ULBH IR SR 00T 55 0
PEITCEA I, ARIEAHDC A, BT R w5
SHOBUEA O, BMESEREAE K, SRIFHREN
AR/IN, AR A SZHE IR SR 0T 1, PRt 50 o 1 o A
P AT REME AR KR (TE %, 1993; 256 0%,
2002) . KL, 456 X P HBEERIK P 18 0 1l BT 4544, 1A
R 1 T B 1) T2 B AR R b AR L, RIS )
A B LE D i P DRSS, 38 R FH BRI B ok
FR,

A TR E — PR B 5 FIRARTE A SiO, IR bRi%
KA . PHES IR ) 5 HUE AR P58 ) Jo 1 Y- 1y
TR AR, PRI o33 i R s v
-7k 2% (Rybach et al., 1986; F2£45,2007)
P85 ¥ 7 0 A K X s, Sk oA Bk (1] 7)), 33t
A b ROK A B B MRR A . R IL, A8 B BH T
TRAREITA

Si0, AR B B Si0, W4 i 76 #b Hok
HIV R — DU AT PEE (TR EEA 55, 1993), — BRI,
MEEE R S10, MU 7 i, I EE IR Si0, B 7 Dl

Na/1000

SE 4T K

K/100 SQR (Mg)
K7 Na—K-Mg =K
Fig. 7 Na—K-Mg diagram



FHa3EH 1Y

A IR B T R A2 | R 5T & v 149

T MHPUKIEEE/NT 300°C B, TR EhEA R R
X} Si0, R AR/ N, I, SiO, ARk gt
FHRAG ST IR o IKIEAL IS S5 2 Si0,
Mk vl LI, WS 1A T A T BEVE A i S B (&1 8),
ULEH Si0, B W i AE HOK P iR A A7 R
Ml PRI, “ER FH B BV A i e A B P, A
~ 1032
4.69—10gSiO,

3 H: Si0, 2 Si0, WS, B mg/L; T oh FAfi il
FE, B °Co AR R A AR 109~118°C,
R b ORGP T TR EE IR 109~118°C,
3.12 ks

3 o R B P 2D A S AR B, B
T HBFROK FRGE Y R R B, S A M UK AR HE 5%
P EE S AR . — Mok, KRB A 1S m
SRR R IE LR R, BTG IE 5 19 Mo a6
PRI AT AR B e T R A% A1 A s BRI A TR
BE (ZR2AR 55, 1997b; #RABANA, 2015), A3

Z=G (t,-1,) +Z (6)

e G IR, B °C/m, B 4.4°C/100
m(FHEEAREE, 2012) ;5 ¢, IAEIREE, 507 °C; ¢, FIER
TRETH AR, B °C, B 15°C; Z, M i
B, 307 m, B 20 m(FEEEARAE, 2012) o THRAEIRR
FE 2159~2368 m(3 4), 52405 (1997a) i 4%
WAL, AT UL, PR i SR R 2 DI ] G R

180
160
140

—273.15 (5)

0 20 40 60 80 100 120 140 160
JKFE Si0, &t/ (mg L)

K8 SiO, ik £k ]
Fig. 8 Solubility curve of SiO,

#4 FEANERRE
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Table 5 Comparison of characteristic values of geothermal water chemical composition

EZARME(GB11615—2010) #1iF

TSR

Pk E A (mg L)

A BTN ERREE WIKHeE AW U E
£ 1 2 2 5.89~10.00 K
gy 10 10 10 22~2.62 NT
1 1 1 5 0.29~0.434 NT
Ediv 25 25 50 98~113.4 ik
ZU(Bq-L™ 37 47.14 129.5 2.45 NT
EE/C =34 — — 66 AHESFNE
WLEE <1000 — — 948.97~1077.48 RIK—URIK
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