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Characteristics of geothermal resources in sedimentary basins

ZHANG Wei, WANG Guiling, LIU Feng, XING Linxiao, LI Man

(Institute of Hydrogeology and Environmental Geology, CAGS, Shijiazhuang 050061, Hebei, China)

Abstract: As a renewable clean energy, geothermal resources play an important role in sustainable development. As the sedimentary
basin type geothermal resources are mostly distributed in the population gathering areas such as the plain basin, it is important to
study the geothermal resources of the sedimentary basin. Based on the analysis of geothermal reservoir distribution and
hydrochemical characteristics of sedimentary basins in China, the authors evaluated the geothermal resources of sedimentary basins.
The geothermal resources of sedimentary basins are mainly medium and low temperature geothermal resources, and they constitute
the main type of geothermal resources in China, accounting for 89% of the total geothermal resources. Moreover, they have the
characteristics of wide reservoir space, large thickness, abundant types of geothermal resources, large reserves of geothermal

resources, medium and low temperature geothermal water and high availability of resources. The chemical types of geothermal
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water in sedimentary basin type generally change from low—mineralized water such as HCO;—Na and HCO;—CI—Na through Cl—
HCO ;—Na type and to high—mineralized water such as Cl—Na type in drainage area or closure state. The salinity increases from
shallow to deep part as well. The thermal resources in thermal basins account for 54% of the total reserves in major sedimentary
basins, 59% of the total recoverable reserves in major sedimentary basins, 42% in warm basins, 40% in recoverable reserves, 4% in
cold basins and 1% in recoverable reserves. Therefore, geothermal resources exploration should be further strengthened, geothermal

resources recharge should be actively carried out to ensure sustainable development and utilization, geothermal resources

comprehensive utilization should be promoted, and geothermal resources monitoring network should be established.
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Table 1 Reservoir distribution in the main sedimentary basins in China
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Table 2 Reservoir distribution of Neogene and Paleogene in
the main basins
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R A L RAE ARG, 0T
Jirt B AR B A B T AR A3 AT, 2B T IR B A 3
B, M Kz 42 32 AR R K Ry B K R ik g | b
KA RREN, PRI v g b B K A IR A
K BRI I /N T 1 g/La K T 7 g/l Z A0, K345
My X B Ak B 3 AR 7E 1.0~4.0 g/L, K Ak 25 25
HCO;—Na 7K, il b X 7K Al 242578 5k Cl1-Na AU Al
Cl-HCOs—Na BI/K (K 2) , pH KHR437E 7.22 ~ 8.98,
SRS RE o U P 2 A P AT AE BB A

Wi R =, R 2B P A K SCHb R BRBE , 4F F 20 4
kA 2F 2 L Cl- HCO,—Na Fl C1—-Na B4 32 K34
Ay L XA A EEAE 2~ 6 g/L, S0 A )z, pH AE 7.1 ~
8.75, E S . A E AL A AR FREE
Sy, MK KA 2E 25 DL Cl-Na - Ca 2k 32,
R Cl-Na B, 5 fb AR X 5 (2 3) 6

4226 F 7 # A4k

F R AHZE 2 b e U, A g
TR BE AR AR, b R b BE A X AN 5, B AR /)
T10 g/L K JFARXT AT, 76 KT A P i it 27K
PR R B SR B ) A 1 o

SRt BRI SR 2 4
LRI . ZPEAET R Z i) 2 oA,
T T ARARI S, LA B G 43 7K e A A
0145 A7 [ KA 2ERRAE 1) AR A AT LR R 7K SF-43a
PEo 3 /KIE BN LIS L BE () HCO, BUK o 3 | Bl
PRI KB A48 ) HCO; - C1HEL K (HCO; - SO,
RIKAISO,- CIHIK  FBATHIIX 2RI L A 2 AR
FE R A X, A A AR
423 —F—= % Z 4%

TR R RMMEE B )R SRR
VU 22 A IR, U T i 22 b Il 1
TR ARALAE R o AR 2 M HOKAIG PRBE ) A 5 2%
WAl EE AR i, 76 DU )1 St 22 R K K, 7R3y
TEAEHZ UK 0 E AL T ]E L H g
L UK AR 2%

AP BT R R ) i =S
REOWH ZRITAS &2 FOHRERZE., Z
PRfi 2 LR R, R K BT A PR A Sk B AT AR K
PRES ARG L FHAR VR A2 22 20 b e HE T DX T Bk
M SO,—Ca B 7K 1 SO,—Ca - Mg I 7K % 578 Hy L) &5
WAL (1) Na—C1EL KA =010 B R 38 200 g/L,

& 3 HAFRIE R—EE R FHRFE

Table 3 Chemical characteristics of hydrothermal reservoirs in Neogene and Paleogene

e K (Na'+K')  Ca* Mg* cr HCO:; SO/ o WA EE KR
/(°C)  Nmg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L)

. JHE21 36.5 66340 1440 490  751.60 39540  0.10 823 1860 HCO,-Na
JHE102  43.0 31740 1440 390 26520 407.60 050 8.13 1041.10 HCO;-Cl-Na

—_— JHES7 56.0 1917.90 110.60  34.50  2921.30 214.80 154.50 7.56 5404.60 Cl-Na
JHE108  62.0 71370 4570 1170  787.10 74930 2630 7.10 2451.50 Cl-HCO:-Na

— Fkl 5300.00 2166.96 423.41 1308822 83.19 23375 7.0 2139  Cl-Na-Ca
RIS 5246.50 1565.98 254.14 11811.27 84.93 17.50  6.90 19.08 Cl-Na
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ik, R K AR DU R %), Mg /&
BRI KR R TR, Ca? 18 2 el /K 78 TR v
VB TE R KA R b & T s A R R B
BT scH e, SO & S /K 78 & [T HAAIG, 3 /2 i
TR A AN b 38 1 AE AV E R SO 43 ih HeS
e
424K KX—R1H Z

FER— B RIGEZ A0 R, 28 L
FIRIER BE AT NIRTRER S, A v B A
fiti o PAEIEOIRE AL R, TP AR EKZE
K MR, MK K B R X B, B RN
K, ZMRKEGHEIK o

RS B AR A A I FE
— LB Z g RS BRI X A K AL R L
Ao R A b, BEE A S K ZHER
IR TR I, KA VE B TR0, 5%
IK RS A RS 18, TDS L SO & it /S K,
Ca W B 0 Fh AR /N, R AR 2253 By A X ) HCO,
A 75 Syl X HCO, - SO. 28 1 SO, - HCO, 1
IRAEE ST T2 53 U B 2 R KK AL F R IR v 8 R
IR IANA AR TSR o A X FE i — T P R
JZHEE AV T K 3 B2 R AR B A B #b
94 R R B R — 2 XU K BB
— BRI B R G, Hh R KR R AR B, kA AE
R AL, MR A Al BE AN 5 TR K DX ) T A
it 2 HEH D KB AR BE AR R e R 24 /L,
425 HEF—REF

JC T F— K F AR Z S A AR X RN, 2
O3 A F ool K T HZE A R SRR TR
DX, A A, A TR AR R o B R R L TE
YT ZE M0 S A A B R R A AR K
M A B K2 1 K il A, ARk K A
XTHEAF AR BERN K, 2 RIRK STU80K o %28
P rh HA AR R MG S e 0 TR b g oot A A

fith , ARG B 22 25 08 1 4 A5 KRR T IR A
fitic ZIAEZIR LI KT, 1R K6 3R 5 R4
U, MR AL — R 0.6~7 g/L, KAk 2425/
Cl —Na,Cl-HCOs- SO, —Na BI/K & 3, pH £7£ 8 /£
o PAHFHE FHILI Na 3, 18 732 #h44 T
I CHAE IR R B M L R AR 2R R R Y
U IS S N S ol L o P/ ) O o
LU g~ R Il g, B AR BB A 1 /L AT
B, ST KNG —E PR A — i B —HE
AR . SEm) L, A e A 2 S A i
(RS, — M it S XK BT T TR X e ot e XA
TGN R I,

AR (36 4) , 5ok I Al R — Bk
EAHDURR, At A s s IR =, &0
TR A A ok XUAR R E T, KU R
JER R, — B 20 ~ 30 m, K 70 m, H A A &
B, AR R R R Y 25% ~
64.2% , At 2 Y SFLBUE 3% ~ 6% HAFHIHK
400 ~ 1500 m’/d, - K IEIE F) 60 ~ 80°C, fi i Al
K 104°C, IZIHEZ BA X EAFIEEPGEZ . K
WA G TR )Z SR KO = A Ak .
PeIR A 2 7 , B 7K 2 400 ~ 1500 m¥/d, 1 7K
153150 ~ 80°C,,

5 MAAFLIRPEANY

5.1 ¥ AiE

HR G [F] I M B W R Tl AS TR
25 ~40°C, 40 ~ 60°C , 60 ~ 90°C , 90 ~ 150°C ,>150°C
FASAN R S R b R 0 S AT DAL G4
POZE R B bS] R ORI A7 M
PR AT IF R & MR AR AT ISR A 3 R
ZAME T HOIIRAAR T IR i 2 R I A MR
PR IR R Lo AR A 20 ] s i HE TR
7E4000 m DL H #2852 25°C LA AR K

&4 FTERMITHR—AKE AR ERFE

Table 4 Chemical characteristics of hydrothermal reservoir in Proterozoic and Archean

o Hu T KR (Na+K") Ca™ Mg* cr HCOy Nol o AL e
'S /(mg/L) /(mg/L)  /(mg/L)  /(mg/L) /(mg/L) /(mg/L) /(mg/L)
JHE22 81 873.5 60.9 23.3 1177 654.1 0.6 248.2 2907.1 Cl-Na
i EL 2R JHD1 562 46.1 12.8 382.9 332.6 0 8.1 1913 Cl-HCOs-SOs-Na
£S5 1L JJH1 659.8 41.3 14.9 586.7 381.4 343 8.3 2082.1 CI-Na
JHE103 62 154.8 16.8 7.3 361.2 56.7 30 72.1 6875 HCOs-Na
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G ey e TN N i R/ W (1
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K Q p— M HORIRGEfE B, m’; & — M
AFLBUR (BBR ) 5 V—AGE IR F, m® s S—a iR
B h—F- 347K K Sk 5, my H—F- 3 A48 T
AR e, m; A—PF A A, m?,

(4) Mo PR AR AT R AR T, B B AR T
FER R FH e K SR VFREDRIE BT R R B

a) Fe K SCVFREIE

A SR b AR A B R T SR K ARV R R R —
SE TR Y (— 8k 100 4F ), 3180 1K Hfes 2K 7
TR BT IR BHIK A7 B R Z FAS K F 100 m B
SRAT B Fe KR A, R A DX A I 4R 1 T 2R

i J 20194F
io i‘%ijjﬁﬂq:
O AmTS, _  4mTS,
" In@6.111) 4, 6.117T¢
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W R,
_27TS,
Qu= 0.473R,
In

.

Ao Qu— I FAR T HoR AR, m/a; Q. — I F
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U, m S— S BREMUK A R, m; R— PR IX P42,
m; R— IR RS, my p” — PGS SRR SRR
TCEREL; —TFRAT ] a; T— S K R 5L, m/a; r—HoK
H2f4% ,m,

b) JFR R 5k

b PGS S5 IR AT SR R, F R BB R
N BT I LB R B AR O DL SR A
TEOL, A AN BT BURAA, TEAMATE LT BUIME.

0= 0w X

Ko Q y— M ARRIAR A i, m* s X—1] Rt R
B,

BT AR BAE Z | XBUE 3% ~ 5% (100 4F ) ,
R[10.0003 ~ 0.0005 (£H4E ) ;

QAR A 2R PEZ , XBUE 5% (100 4F ) , B
0.0005 (5F4F) 5

) P A 2R A )Z , X BUE 1% ~ 2% (100
4E), B110.0001 ~ 0.0002 (HE4E) ,

(5) M A A AT TR o] R T

O=0wCwpy(T,—T,)

K QMR AR T FF R ML, k) /a; Co—Hb
PO AR LI, KT / kg - °C 5 po—HIL PRI A4S 1) %5
kg/m's T—HGEIREE , °C ; T—HIRZEE ,°C.

(6)7%5 L& M 25 1F F bR ] R T
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a0t H21

Tz_To

IB_ TI_TO
0 _AQy _ 0.154H
PoaR (1-aB)f

K R—EE R R mEE, m; p,, p,,
— K A A kg/m®; C,, € ,—H#A
GRS EEBR, 541 A9 LB KD /kg - °C 5 o — IS A
FLIEE 5 —F i), B 100 4F, 36500 d; Q,, —20 m /K
PRI, IR /K &, mY/d; Q,, — FIVE &, m¥/d;
T, —HAEEE , °C; T, —[RIFER B, e 25°C; T, —1H
2R, °C s o —IVER 5 B A P LIRS
B & B IO, FLBR R 2R A 2 B 30% 7 i L2
ARIALEZ I 90% LB T 2 AR A 2 I 50% 5 0 o —
)V 2% F R SR VF TR R, mY/d s A—PFA TR, m?;
H—I )25 m,,

(7)7% 18 01 25 A b BRI A4 T R 3R
/\ﬁ

FIRIVELAET MR AT TR TR A
3, DL T TP R A T RA L
5.2 Z&ETEH

RN E DA 5k, HEAT T TR 2 Hh Y b B P
VRIS o P R B DO G M PR R A A
3.11x10°KT, FrahmfiEE 1.06x 10" t, HFAGE IR AT TR
B4 5.29% 10" k), JT A ARIERE 1.80x 10" t, AR
AT REAF RN 3.87x10" m', HuEA T P AT T SR 4k 1,44
10" m’/a, 1 PR AR TR ARG 2,652 10" k/a, 145
PR 9.83107t, 5 FE IMITHE A 1 T HbARGAL (R T PR
SRR 2.59x10" m/a, X R ARG A 4.98 %
10" kJ/a, FTEFRUERE 1.70x10° (£ 5) . HEPEE PR 1Y
TF & R AR AT 4 9.05x 107 thddt, Al vsi/b — 484k
WA RHETL 3.60> 10%, ATk /b — A AL iR R 2.56 %

x5 HEMRFEFEEN

Table 5 Reserves of geothermal resources in China

Hb A R B A o PrabadRa
by AR BT YR i A7 /K 3.11x10°  1.06x10"
HbFA B TR /KT 5.29x10"  1.80x10"
Hb FAR A BT i A7 B/’ 3.87x10"
IR AT IR B/ (m/a) 1.44x10"
HFAA T TR /KT 2.65%x10%  9.83x10

2 FE ISR T AR R TFR 2 i/ (m'/a) 2.59%10"

R Rl HESCAE N Al SRR I /(kI/a)  4.98x10"  1.70x10°

10°t, A /DR B AL Y HERL 9.05%10° ¢, AT /DB 1 Ky
2R 1.21x10°t, AT/ I HE R 1.513 %107t

A 32 R s PO R A AT R AR
SR T AT ST JEORT O )1, R A TR
M FRIR I A RIAATT Z5 b . Hod G A R A L
JE I SR AESF T FATT Z b T TSP SRy
TH Zh,, PRATHDIATEIRAR A IR, o 31 2D,
Hi G AT 1Y 54% , R IE AT HFoR a3 20T
F b S R A 1 59% 5 T A A5 SRR 2 B 7 b L Y
JUZE M T ZE i T i ) 1S URD G  Z
TR AT IR AT 5 31 42%, nT PSR 3] 40% 5
Vo Z LR NG /R Z b 8 FLR 2 b AR AR 0, 1
P PRAEAT A5 5] 4%, AT TR 5 3] 1%,

R i ] =5 OB 2 b s B Y5 i A7 A ]
TF R IR R e (8 2) , Fe [ E iR rh
90 ~ 150°CHI1 60 ~ 90°C Fif) b F G Y5 it 47+ AT IR
BB, 90 ~ 150°C Hb P I A% 77 & 5 3|

HE/ C

[ 125~40
[ ]40-60
0% 369, L] 60~90

B 90~150

TR IR G AP /KT

10%
24%

BB YR AR B /KT e/ C
[ J25~40
[ J40~60

40% [ 60~90

30% [ 90~150

8%
22%

P2 RO bl B DA A Fak AR T SR et B X LU &
Fig.2 Comparison of reserves at different temperature ranges in
main sedimentary basins
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Table 6 Comparison of reserves at different temperature ranges in main sedimentary basins

o Mo LR HAABLIR R
MR GHIR A A7 /) P briEr FH MABTERCRAVK) T E R Fior
25~40 2.54x10" 8.68x10" 8 5.03x10" 1.72x10" 10
40~60 6.64x10" 2.27x10" 22 1.28x10" 4.35x10" 24
60~90 9.42x10" 3.21x10" 30 1.59x10" 5.42x10"° 30
90~150 1.24x10" 4.24x10" 40 1.91x10" 6.53x10" 36
>150 3.36x10'° 1.15%10° 0 8.39x10" 2.86x10" 0
it 3.11x10" 1.06x10" 100 5.29x10" 1.80x10" 100
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10°t o b 3232 90 ~ 150°CHI 60 ~ 90°C I H il 4
K, b BB 70% , i BT PR A 66%.

(5) H A 5¢ B 4 B R IR T ), it
FREEAR, R T A TR 2y o [R) A A R E b R R
P AT RS2 R A6 T &R R L i b b A A R 27
B AT, FAER FELE G TR, e i AT
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