$39% HE12 4 Mo G R Vol.39, No.12
2020 4F 12 A GEOLOGICAL BULLETIN OF CHINA Dec., 2020

LI 2R & A L X 3 20 Jo 45 AE e 2 7K R
AT A KB K.EF B EHE BRE,R B K-, DT

LIU Yuanqing, ZHOU Le, LU Lin, LI Wei, WANG Xinfeng, DENG Qjijun, SONG Mian,
ZHENG Yidi, MA Xuemei

P E R & Ry K S RS A & P s T A ARE 071051
Center for Hydrogeology and Environmental Geology Survey, CGS, Baoding 071051, Hebei, China

WE.CPLURAEGMELTELURG AT OARBHH LGRS HARRFTR, FFREN, RE S E RRITIR Hbh
A B R B A R EAAE] ARG P K &My ik 8T SR IR AR, oK B L pl R R RAR KA S A 5| Bl A & A e AT
2R AL R AR KR R AR R EAR AT A B, SRAY, RAKEAKN S L R AKANE R R R A #AKK
LA H SO, ~Na » Ca B & SO, - R—Na + Ca B (R # Cl 3 HCO,) ; B HE AR 4K WA KFMEF 8%0 #= 3D A A 1L
AR ; & HAR I EALAR T 100°C, & T P AR 24 78 vk, BLAAR 3 S ROR oK AWKk —2 48 Z AR A b kik 2] & F - #k
A VEMAERAMDAERAT RAKZI TINRARGRAER, ETERAFOLRERARLZLE TAE A 2% 0%
B REBMAWIKZGE TRATAR, FRERATE P LR MR TR LR T 2RI,
KW G P LK 3 REVR AL KA S A AL R R
FE 5K S . Pod XHkERER A XERS.1671-2552(2020)12-1908—11

Liu Y Q, Zhou L, Lii L, Li W, Wang X F, Deng Q J, Song M, Zheng Y D, Ma X M.Geothermal geological characteristics and
genesis of hot water in the central mountain area of Shandong Province. Geological Bulletin of China, 2020, 39(12) : 1908—-1918

Abstract: There are hot water resources distributed in Laiwu Depression, Dongping Uplift and Xinfushan Uplift of the fifth grade
structural unit in the central mountain area of Shandong Province.It is found that the burial depth of hot water, the type of thermal
reservoir and the genetic mechanism are varied in different structural positions. Based on the temperature measurement data of typical
geothermal wells, the hydrochemical composition and isotope comparative analysis of hot water with other types of water, the authors
studied and calculated the geothermal geological characteristics, hot water genesis and thermal storage temperature value. The results show
that the precipitation is the source of hot water supply. The chemical types of the hot water in this area are SO,—Na Ca and SO, - R—
a « Ca(R standing for Cl or HCO,), with low 8 *O and § D values compared with other waters.The calculated temperature value of
each heat storage is lower than 100°C, suggesting a medium low temperature heat storage. The hot water is immature water, which
indicates that the water rock interaction of geothermal water has not reached the ion equilibrium state, the dissolution is still in progress, or
the hot water is mixed by exogenous cold water.The Lengjiazhuang geothermal system in the basin belongs to the heat conduction type,
and the Anjiazhuang and Qiaogou geothermal systems in the basin margin uplifts belong to the thermal convection type.The research
results provide a theoretical basis for the development of geothermal water resources in the central mountain area of Shandong Province.
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Fig. 1 Geothermal zoning map (a) ,structural geological map (b) and lithologic histogram (c)
in the mountainous area of central Shandong Province
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Fig. 2 The isobath map of Moho in Shandong Province
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Table 1 The earth heat flow data sheet in the western Shandong uplift terrain

ia=s [ivA=+ G/ m IR/ (°C - km™) #FHE/(W - (m-K)™")  HEMAE (mW - m™) LI/ IE ST
1 A/ TR/INEa RS 100~300 245 2.81 62.4 [26]
2 3ETE T i 180~210 20.0 2.42 48.1 [26]
3 FRG BB 645~735 16.3710.28 2.95+0.17 48.1 [26]
4 ST KU AT I 320~390 21.0 2.39 50.2 [26]
5 TP 5K X 110~210 22.0 2.81 62.0 [26]
6 T 40 200~240 28.0 2.30 69.1 [26]
7 I 3 T 4 U / 27.5 2.20 70.7 [27]
8 i 22 X / 19.8 3.46 66.1 [27]




1912 # Jf 4 & GEOLOGICAL BULLETIN OF CHINA 2020 4
/NTF2°C/100 m, THREE R T 1000 m, i Af B2 KT

2°C/100 m, 2 P LW-8-2 5 Lw-T117 J 0 10 20 ﬁ@%o 40 50
A I 18 10 0 T B R AL, 0 2 £ ~. N

WF— B AR TR IR B R0 159 N

°C/100 m 1 2.15°C/100 m, LW ~DRO1 FHJi§ & # 2007 TN

ffZ A P TR 3R S GO RHIRIRER & HH 2700.7 m, S
TR RBEEE ) 2.86°C/100 m, DL R 3EH], T4 4007 \‘\
3P AN [ 3 A 3 TR B A7 A 22 e, HL MR B F

LA SR TR I8 7 0 R A 3, ) B2 14 3 3L i £ 6001

TRBEASAG M R0 A 37 o 2225 e i AR F 3t i 7

e 7 1R AR A, AR 2l B2 B AR P 1 800

hnmEEAn, AR 10 m, IRJE 17°C, BB AR mb i 4H --- QI-DROI

MK R 52 ~ 72°C, M IR RS E — B 3.0 ~ loog] T AIZZKOI

8.58°C/ 100 m,, %275 FE M # P25 VB2 211, 4 oy

fi# 2 K AR I 14.7°C/100 m, RABIR 41 200 N

Pl ZHIERBE A 6.33°C/100 m( K 2) . HiigHbik
P JE s R 55 ® 2 B X P TR TR Ol 25 m, 1
TR 16°C, i QG-DRO1 MBI 155 1y 15 4
JERH7.4°C/100 m(F 2)

HE 3 1 DUE Y, 7 K M 3R s AR Ik i - op
LU DX A T T RR 2 b 5 o™ R 42 s 57 0 bk Ao
fe T UURR 4 b P, D7 T 32 i R R A Akt e v
a3 B ity A7 B 2 TR R A 5 R, MR
JEARACRFAE 5 K kb B 43 A R AR AR DL, 33X AR
Vi BH 1 A AR DX 3 4 T A D PR o b 4% e B
U5, J& T 1 H 0 Ml B R, 5 DX R T B T
—F,
2.3 IR A

iR A K Ak 2 2 G B [ 28 R A A AR
i MR R GEIE G A R A sk A2 (5 R
B FH R 43 AT b B A 118 RS Y % b A R G v A SR Y

3 WFFE AN ] s AR it 2k P
Fig. 3 The temperature measurement curves of different

geothermal wells in the study area
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Table 2 Temperature measurement and geothermal gradient data of typical geothermal wells

in the mountainous area of central Shandong Province

WHIHGS  HE/m JHRIRIE/C HIEBE/ (°C - 100 m ) IR H A
LW-DRO1 2700.7 82.3 2.86 TR R BV RERIR e SIETE AL
LW-T117 1195 412 2.15 OHRE—_BRWEE SETE A b N
LW—8-2 920 30.2 1.59 ARF— B RWIEE SETEAT b N
QG-DRO1 468.0 48.4 7.4 KT FA s S LU 5 3T A b it 2 1X
AJZ—ZKO01 340.5 60.2 6.33 FERRRDA A=A FBCH F 5 A7 A R ety
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Fig. 4 The Scholler diagrams of different geothermal wells and surrounding groundwater in the study area
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