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Occurrence and potential evaluation of geothermal resources in Jinzhou City,
Liaoning Province
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Abstract: Based on the genesis of geothermal resources and field investigation in Jinzhou City, this study discusses the
geological, hydrochemical and thermal reservoir characteristics of two different types of geothermal fields in the area,
and evaluates their resource potential. The results show that the convective type is controlled by fault structures, all
located at the outer margins of Mesozoic fault basins, mainly with structural fracture and karst thermal reservoirs,
lithologically composed of cataclastic dolomite and dolomitic limestone; while the conductive type is controlled by
mantle plume formed within the Cenozoic basins, dominated by porous medium thermal reservoir with mudstone and
sandstone. The contents of fluorine, metaboric acid and metasilicic acid in geothermal water are slightly high. The total
geothermal resource potential in Jinzhou City is estimated at 10.156x10" kJ, with the extraction coefficient of 0.01—
0.43, indicating tremendous potential for development and utilization of geothermal resources.
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Fig. 1  Distribution map of geothermal fields in Jinzhou City
I—XP R E S (key geothermal field of convective type); 2—X
WA — I (general geothermal field of convective type); 3—f%F
A HE 5 M 4 [ (key geothermal field of conductive type); 4—%f fL
(borehole) ; 5—ifi &% (hot spring)
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Table 1 Statistics of geothermal resource development and utilization in Jinzhou City
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Fig. 2 Geological map of Tanghezi geothermal field
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in Jinzhou City
1—H R AR+ . WP+ (Quaternary slope proluvial loam and
sandy loam); 2—SCELAZ LA FIBEK BT P 4 (andesite and tuffaceous
sandstone of Yixian fm.); 3—% K14 (M) Aas. AalKeE
(dolomite and dolomitic limestone of Wumishan fm.); 4— JLIAZH 1=
R e TUE Kb (dolomitic, argillaceous limestone with shale
and siltstone of Jingeryu fm.); 5—3%8 i &R 28 i ¥ A & (Cambrian
metaplutonic rock ) ; 6—WiZd (fault); 7—51H4k (isotherm )
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MR ZEMRZE SR AT, Toie X B e &
P, H 6%0 .6D = (2019 4 8 A .2019 4 12
JIH1 2020 4F 3 JOEAE LI/, 80 A+ T-10.9%0 ~
~8.8%0, 8D [HA T -82%0 ~ —65%cZ [0] , IALAE RS %
IK (80 {H A T=60%0 ~ 0, 8D {H A T-400%0 ~ +10%o)
X ]2 (L 3), il B A X i 40K = 25k B RS R
K. TR TFHIEKRT 1000 m. 35250 B KIER SR
MR UK, B R UTEUK AR R AN K.l
2019 4 8 HH N b X L E A & F Ik (8D {E
H—=53%0, 80 {H1-7.9%0) Fl X EFg b6 7K 35 (6D
. H-53%0, 60 15 H9-7.3%0) % LK , 6D .60 {EAH
i, RO 2 A R KR B KRR, SR

F2 BMTHHHEREKEER SR
Table 2 Hydrochemical compositions of geothermal fluid in Jinzhou City

DS/ AT R KAp: vy 8%0/%o 8D1%o
g BT U R KA I
(mg/L) (mg/L) (mg/L) HKAY TU _ . _ _
— 8 = ) 0 =
485 757 3.8 432 HCO;-Na-Ca <1.0 -100 -101 -101 -72 -73  -73
BT (1)
272 772 <005 193 HCO,-Ca-Mg <10 -88 -91 -92 -85 -66 -67
X i
NERMRE--EHM () 368 846 15 126 HCO;-Mg-Na-Ca <1.0 -105 -109 -109 -76 -77  -77
FMTATIRX (V) 3724 7.69 3.4 1.1 S0O,-Cl-Na <10 -10.7 -108 -108 -75 -75 -76
477 781 <005 454 HCO,-Ca <1.0 -106 -10.8 -108 -81 -82  -82
Tl BRI RA VAT
528 758 <005 521 HCO,-Ca <1.0 -10.2 / / =77 / /
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Fig. 3 Relationship between geothermal water samples and
regional atmospheric precipitation line

1—Hb#IK (geothermal water); 2—F7K (atmospheric precipitation )
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Fig. 4 Structural interpretation map of geothermal field in
Jinzhou Expo Park area
1—255 00 & oh i A I U 1= L% 1 (Quaternary alluvial-marine deposit,
marine deposit sand, clay); 2—%5 P4 & o B> - 0 B b -
(Quaternary alluvial-proluvial sand, clayey sand); 3— 170l # & T
HADH IR DA (dolomite, limestone, Mn-bearing sandstone of
Gaoyuzhuang fm., Mesoproterozoic); 4—FF A& i Bt 46 b4 TN i Fr B A
(Neoarchean granodioritic gneiss); 5—4) & fi# ¥ Wi 24 (geophysical
interpreted fault); 6—WiZ¢ (fault)
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Q\W:kacwpn( TI_TO) ( 3 )

AP Q i ABTIE (kD); C..C, 7Bl o il f
AFUKI R [K)/(kg=C) 15 p po 5 BGE S
AT FIK % JE (kglm®) 5 @ Sy #fith o A FL B A (Bl 3L
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Ty FGEIRIEE (°C) 5 Ty A EIRZIREE (C) 5 V ok
AT (m®) 5 Q L ATTIAT JT R4 (k) )5 RE g []
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TARFT R A (mYa).

THEEE (R 3) LM A T b IR = (Q)
10.156x10' kJ, AT FFRIFEE R (Q,) A 10.156x10™ k],
P& bRIERE N 34.65%10° t/a, Hb PR KT IR 5
(Q..)H 2.013x10° k)/a, B ST HK.

32 HHMEEFREAH

AR B AR AR G TR RE(A K 1), I045
B I KK AL o TR A o AT TRV ).

C=EJE,x100% (4)
K Co WU TR REL B HIAGRAATT
Fethim (klla); E, AHIEAGAR SRV R G (k)fa).

THEZE R (R 4) 3R], FRIN T 4 A H BB H 1y
PORAR A VF R IGE (E )T 1 271.9%107~ —47 400x
107 klfa, HUERGEAF RIGE (E) AT 096107~
15.048x107 kJ/a, R R EL(C) I T 0.01~0.43, %
RN T 4 /S s AR HH 28 Rl LT R T 71X
33 A FIFEFLZFIA

ERONTT BN A AR R, By T KA -\ T
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Table 3 Estimation of geothermal resources in Jinzhou City

B mEY  HABE AARY Feyel PEERREE  TEIRJZEEE AGERIRE  DOREIRES TR/
- km? (kg/m?) [kd/(kg-C)] LB C C 108 kJ 108 kJ (t/a)
KX 77+ 10 2700 920 0.30 35 9.5 1271.936 127.1936 434
AT 0.44 2700 794 0.10 27 9.5 3484.905 348.4905 1189
MEZE L HE 1.25 2650 836 0.05 36 9.5 76379.64 7637.964 26061
KE-PNTF 380 2600 878 0.27 53 9.5 101460000 4740 346.19x10°
BN TTIRX 16.82 35 9.5 7276 727.6 2483
R -HERE 27.50 39 9.5 6129 612.9 2091
JbHIE R 8.12 43 9.5 7335 735.5 2510
x4 HMNTHAREHREFRRZYTE
Table 4 Calculation results of heat extraction coefficients of geothermal fluid in Jinzhou City
A PUBREE,  WRY PR R A HARATERIGE BUETERREY BIOKRIRER R
C km? (107 kJ/a) (107 kJ/a) % (m/a) IrIX
KX T 35 10 1271.9 2.09 0.16 X<0.2 WA
BT AT 27 0.44 3484.9 15.048 0.43 X<0.2 E
SCELBEOR - LT B 36 1.25 76379 0.96 0.01 X<0.2 E
KA -VE/\ T Hu B 53 380 101460000 15.048 0.03 X<0.2 WA
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T T it - M AR B A TR /T 2 000 m, J&@ TR
LRI FLA b B AR e i R P | B
UREE 2 000~2 800 m, J& FIF RV 4B R A . 7K IR
—MEAE 30~60 CZ 0], HIHHER R AhALAHEM A X T #4
JK BT K - 300~500 m¥d, i HEIAF] 3 000 m
I, HIE ATk 45 CLL . 3 SR 5 X 7 b A P i
H PG SRl 81.14x10" kJ, RIRWEIHE N 81.14x
10" kJ, 1M 27 684 tla; f&- 3 B BG5S
10.14x10" kJ, A SR %5 5 & 47.4x10" k], A] FF R Hok £
20 627 m¥/d. P EIFLIE 588.34 km?, WEUETT &1 T
EoR. WHH R Aok E, i S A & A
272~1 300 mg/L Z ], Z R4 R A3 IR K e (245)
SEAKFI s HE il R E(K ) 7E-2.51~+6.69 Z [A], A
JE PP K.

4 #ig

1)L T8 R T b PG IR A7 %o I Y A% S B
TP, Xy 8 R W A i s i, 3440 T Hh A= A BT
MBI FE M, A T AR 1 2 B A A A
it B F B R IR TR A RS R I e
W% o UK, HR R 1.48~3.10 “C/hm. &
SR H AR A A Y TR B R A R ], P R
LB A A U A e S S R
1130 m AR, BB RZECH 1.2 m/d, WAL BE 3.27~
3.39 C/hm, KHFAFELI N 64 Wim? F4ig 2 b 10
TACK B BB X KAREKA BT RTANG, HUKii
FETE 30~60 CZI], ERBLA 7 Ab b 35 R T b

2)H T UK pH (E K 7~8.5, ¥ Jg th—55 Bk 7K
PHESFLh Cat Mg"Fl Na*h 3, (HFf A IR R34,
7 Cat Mg n, NaJd/ b i, B+ LA HCO;, A .
IR AW LR 5 5700 h 1.5~3.44 mg/L.25 mg/L
1 28.5~52.1 mg/L. #b & /KA % h HCO-Na-Ca
%] HCOs-Ca*Mg 4 F1 HCOs-Ca 7.

3) TP PR AN 10.156x10° kJ, A] FF R igs
JE AR 10.156x10" k), FTEHRAERE R 34.65x10° t/a; #4
IR RECN 0.01~0.43 5 15 ff 1 B K B 7 272~

1 300 mg/L Z 1] ; A4 FH T AHGA 588.34 km? HbF BT I
kR FABIIER.

4)BRINTIT B A A A T AR AR AR, AL
W HI TR S 45 T R ) B IR I AN

Bl AR TAEFR it A2 P 42| T AR A i
BB TAITEIEG, TN TAEZE) T R B AR A A
KA 3 R R # R,
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