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Abstract: This paper is the result of geothermal resources survey engineering.

[Objective] In Guangxi, the geothermal resource is extensively distributed, and is a competitive low—carbon, renewable and clean
energy. Up to now, the systematic research on the occurrence regulation, distribution characteristics and potential of geothermal
resources is relatively weak, to a certain extent, which restricts the comprehensive development and utilization in
Guangxi.[Methods] In this paper, we systematically analyzed the structure of the crust and mantle layer, the present characteristics
of the geothermal field and the distribution pattern of geothermal resources, based on the latest results of the survey and evaluation
of shallow geothermal, hydrothermal and hot dry rock geothermal resources in Guangxi since the “Twelfth Five— Year Plan”. And
we chose different methods to evaluate the development and utilization potential of shallow geothermal energy resources,
hydrothermal geothermal resources and hot dry rock geothermal resources. [Results] The research shows that the geothermal
resources are rich in Guangxi, with obvious occurrence rules and zoning characteristics. In 13 major cities, the shallow and
hydrothermal geothermal resources are mainly developed through direct utilization, and the shallow geothermal resources are 1.23x
10" kJ/°C, the annual exploitable resources are 1.36x 10" kJ/a, equivalent to 1.67x10°t standard coal. And 24 warm (hot) springs
points and 28 geothermal mining wells locating in Guangxi, the total amount of geothermal energy resources is 2.56x10"kJ, which
is equivalent to 87.58x10°t of standard coal. On the other hand, the annual recoverable heat of geothermal fluid is 28.89x10"kJ/a,
which is equivalent to 315.65x 10" t of standard coal. Finally, the potential of dry hot geothermal resources is great in Guangxi,
within 3—10 km of the land area, the total amount of hot dry rock resources is 55.42x10*EJ, which is equivalent to 18.91x10"t of
standard coal, at a recoverable rate of 2% which is 75.94 times the 2020 Chinese primary energy consumption (4.98 billion tons).
Therefore, it is becoming the most ideal replacement carrier for traditional fossil energy.[Conclusions] Guangxi is lack of coal, oil
and gas in the traditional energy field, and has rich wind, water and heat in the new energy field. The rational development and
utilization of geothermal resources will contribute to the optimization of energy structure and the strategic adjustment of industrial

structure in Guangxi, and help to achieve the “dual carbon goal”.

Key words: present anomaly of geothermal field; crust—mantle layer structure; resource estimation; potential evaluation; geothermal
resources survey engineering; Guangxi

Highlights: (1) For the first time, we systematically sorted out the latest results on the survey and evaluation of geothermal resources
since the “Twelfth Five— Year Plan”, and systematically studied the occurrence law and distribution characteristics of geothermal
resources in Guangxi; (2) We chose different methods to estimate the resources, carried out comprehensive evaluation of the shallow
geothermal, hydrothermal and hot dry rock geothermal resources for the development and utilization potential, which has laid a
foundation for the overall planning and comprehensive development of geothermal resources in Guangxi.
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Fig.1 Distribution of shallow geothermal energy and hydrothermal geothermal resources in Guangxi
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Table 1 Statistical table of ground temperature monitoring in typical in middle and deep holes in Guangxi(modified from
Kang Zhigiang et al.,2020)
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3.2.1 R EHHAE TR

FRAE VG 32 B3R T 18 2 b Y R A R (PO H:
W5 I Db T A B, 2015a) , )P 134 =BT
() 3% 2 Hi AR 9% UR B SRR X T AR R 2514.09
km’o AR DL 5T S5 44 R S, K SCHb BT S5 A AR
FC, AR AN A, 20825 S AR R It
PR 45 A AR 2 A 038 B A X R
W] b KR IR R G L IX R PR AR
44.15% , B8 B X 15 26.82% , £ FP7E & K PRS- | Il 38
FE 75 ) b DX CREAR MM AR Bs oRaE (52
SETRTRER 77 X)) 5 IR AS PO R G0 L IX (5 S IR
TR 33.03% , 5038 B IX 15 47.80% , 2010 Hi1 X (]
R @ DY PSR I 2 N =95 N Y T S T =

PR )2 PR B IR S B AT 200 m LR

B RE AR R K R R R T R E R
TV A A UHE R, TV 13 4 T R
X Y7 2= H AR SRS 5 R 1.23% 10 kI/°C i R 7K
PRI R G 5y 5.23% 107 kKW, Hb 3545 1 Y5 4
ARG IR N 4.19%10° kW, S ) R Ny
4.65x10° kW, 4] F| B R B4 1.36x102k)/a, 165
FRUERE 1.67x10°1(F2).,

3.2.2 ARFAA R

FRE) VG A G IR R A PEA 5 X R (7Y
AL A A DX M R A B, 2015b) , ) P ELA A R R
24K b ARIE 28 1 AL TS Lis i 23 40 (1
44.2%) , @ —K R AL (26.3~83.4°C) . Horp [
A 1Ly b 75 46 Ak, M AR BE YR B i 9.32%x 10"
KT, PTG PR 3.18%10° t; M AR AT Rt Ry 1.22%
10" m*/a, ] R N 1.07 x 102 ki/a, 37T & b fE 1
3.65x10°t(F23), VIR HIAL S 6 4, HEE R IR
SN 24.63x 10" K], P S AREE 8.44x10° t; HiAABE
BRI R i N 4.46x10° kT, Pr S AR ERE 1.52%10°
t5 M PR AR B 5.37x 10" m, B4R A TR i N
16.48x 10" m*/a, W] FF R 27.89x 107 k)/a, T &
PRAEIE 3.12%10° t; 7 % I M RE A1 T, Hb AR 1A
AR PSRN 19.21x10° mY/a, A] JF R h 36.50
10°kI/a, IrE P 12.50x10°t1(5K4) .

3.2.3 FHRA MR

1 SCHERA (2012) EAERGAE(2012) % v [ K il
3~10 km 75 Bl P (4 AR b A 0 PR A A B, i
A F20.9%10°~25.2x10°EJ, 14 715%10"°~856x 10" t
i R, R Ak I R TR T IR Oy e )
(Bronicki, 2016) , I Al #E 47 4K 1 86 K 25 G
(Duchance, 1996 ; Lund and Boyd,2016) . A~ R H
PRAREE XS T 74 i 5, 3~10 km YE L N 735 T 150°C Y+
RO PR IR A TR AR

0=p-C,-V-(T,-T)

Horfr, O—T I P R A (0) 5 p—HR it 2%
(kg/m’) ; C,— Mt LA (J/kg - °C) 5 — A 1A
(m*) ; T,—H% R h/m AR (°C) 5 Tr—1H )2
A (C),

HRAE T i 5 45 (2017) S8 B N STl A b —)
VYRR K H BRI , 3~5 ke P34 % 1 Ui
2.61 g/em’, 5~8 km V-4 %% i HU{H 4y 2.68 g/em’, 8~
10 km - 2 %5 UM R 2.7 glem’s MR 48 7 4R 1
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Table 3 Evaluation of geothermal resources of main uplifted mountains in Guangxi
Hh FABE BRI Hh
T i &“ﬁf% H:;r/fifﬁfk GIPIPS ) Eﬂﬁ%ﬁg/
AR IX A . Préabrit/10%t
/104K JH/10% (10°'m’/a) (10"kJ/a)

1 JUE KRR 2.73 0.09 0.36 0.40 0.01
2 o R 4y 9.11 0.31 16.99 16.99 0.58
3 R FE MR 6.07 0.21 4.39 2.95 0.10
4 FEMRIE AR 9 iy 3.49 0.12 0.53 0.17 0.01
5 WL 6.01 0.21 0.64 0.34 0.01
6 KEEIL B 23.44 0.80 27.00 21.67 0.74
7 PEORH Lk 1.91 0.07 1.86 1.38 0.05
8 RPN 14.52 0.50 15.30 8.37 0.29
9 AR — R LIkl 1.76 0.06 1.37 0.26 0.01
10 AVAPNIITLY ! 2.87 0.10 2.88 0.84 0.03
11 LAS) R 5.94 0.20 6.22 6.58 0.22
12 mHFBEIR 14.65 0.50 31.49 26.17 0.89
13 [ KA G 8.18 0.28 9.34 19.84 0.68
it 93.2 3.18 122 107 3.65

(2015) % Bl =3k b e 3 B AR (PREM ) 37 1) Hb Bk
% B2 AT # S HOMTE S 255, 3~10 km {15 Fl BE
BRI b b 5E iy e IRAS B8 — HRUE Ry 1168 J/(kg-°C) ;
HRAE ) VG M A TR IR A PPN 5 RIS R O 7
I VG DXCHb I 2 B, 2015b) , 18 IR 2 I U SE
— B 16 m, TH 2 V-4 B 48— HUE S 23°C;
6 [ R = WA a3 5 P LA W T 2 (A 9
FZA=SE SC,2011) , AT AN [v) HE G SR At A BR ) A1l 33
T AN, TP 12100 J7 A #EI  BCHE L 2R
Parker—Oldenburg {2 %)™ 74 fili s J BL 1 3 R 067 7
U, J LR U K 580°C , ik M & A ] X 3 1)
b I RN IR (PAERA T4 ,2022b) .
FEEEE R B R, T VG B 3~10 km 38 BBl 9T
PRIV b PG A TRl 55.42x10°ET, T & b gRE
18.91 =10 t, i 4 [ T #45 BE U B i 1 2.20% ~
2.65%(5) o #7HE 2% AT FF R IR B AL, v
2020 4E— K BE R FE A B (49.8 12 t bR viEHE ) 1Y
75.94 4% , HAT B R il & F RZE S MR GUR] T
H1, AL G A AT REVR B A% (A E B T P A AR

4TV R R IR T S A BLAR A
L
PRI R SR A A A R TR

A ], ot 1] B SR L UK 22, B )1

e EAKRERZ — 20140 90 -2 A1,
T G M B IR 22 Sy R ) X R AR L () SR B
TR 2 )5, B 40 o Uk R, Be TR A gk R B
A S5 (R BT T 2 ., o PR IR Y T K M R R
TN, A DR © 1) bR EERR A S . ) PRI E e
PUAE T B o M R IR AR 2 R B S — 2
A=l AT 2 R VA I HERAOK K AR b AR
U8 22 0 R IGIR AL, DA B RN 3, B R TR R
Bl BT O RPN IR AR R K ARl HE I K
BFE B OKFEIRAE M Y IR
FEFF AU . BCEE T AR , Bl AR T 347 R
K, TP WY L LA GO SR TF R A RSk Bl
U AR R PR PR I3 SRR s il = 2 A 1 TR
SRATER”, EEALFE R T R A LS 2R A
T REMRTH ek VHEUR KRR &, EARTH A B R
AR R B R LR A Al

FAN, CRERN BNEE £ SRR X IR
(HR) SR/ TR B A A Tk B A v T 3K 154.5°C,
HA—@E KBS, BAE20 D 70 4548, 4 xF
GBI TF R iR (121°C) #ukik & L BFSE , &
KPR BRR T — 4%, |73 A
BRI S N Bl 3~10 ki 78 Bl HRCE TR
2 55.42x10° EJ, A6 1R E LA 200~250°CH £, &
RIEAE T 6~10 km, (7 ZE IR 11 50.24%, JHA F K
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Table 4 Evaluation of geothermal resources of main sedimentary basins in Guangxi
o —— fmmﬁéﬁﬁ _ A _ immwi _ ﬁﬁ%ﬁiﬁi%(%fﬁjﬁli@é%ﬁ) _
B K VR TabnidE EROF IabRME RIEE EEIRRE ERTRERMG AR ERIRRE ERTERGE A
A10°K))  HE/10°t SRE/10°K #/10°t /10"m’ (10'm'/a) (10kJ/a) 10°t (10°'m’/a) (10"kJ/a)  JHA(10°t/a)
1 ETEM 1.83 0.63 0.47 0.16 0.62 3.00 7.09 0.79 1.91 2.77 0.95
2 MEEFAEH 1570 5.38 222 0.76 0.92 4.59 9.71 1.09 8.95 23.10 7.91
3 GuiEt 478 1.64 1.19 0.41 1.02 5.12 7.33 0.82 4.83 7.16 2.45
4 HEEH 1.26 0.43 0.32 0.11 2.28 1.14 2.06 0.23 1.07 1.93 0.66
5 TH&EM 053 0.18 0.13 0.04 0.23 1.14 0.85 0.10 1.05 0.78 0.27
6  REZH 053 0.18 0.13 0.04 0.30 1.49 0.85 0.10 1.40 0.80 0.27
&it 24.63 8.44 4.46 1.52 5.37 16.48 27.89 3.12 19.21 36.50 12.50

14y e T 2 F N2 B R R S

FLF AR FE AR, @10 VU 37 R KR
R R DL K AR Ml P S T Sk 2 L ERRE 1Y B
B K RE TN, BSeR AU E” E# s B AR
K, — 77 T e 45 7K AR i PO TR AT AR K, B3 34
TR FABEAE S AL PR RN RS b 57 55128 , 7 7K 4
T b PR Y B A AR | LS S A R R S TR
HROL BT 57 T K PR S TR A TR 5 — T
T], AKFE) 7 B B AR s A YR B A A B B
R XA A B i 58T SR R L
PR T 4 A2 TRAL T A B Rz = X X6 Ee
WFFE ARG A4 AT T AR, M e s« T va A 7 )
TP MRAFAR X, AT TR il PR Y5 ) 50 A {3t
WK
5 45
TEXT 7 3R] Ao [ ] A ) 4 2 St

&5 IR 3~10 km FHAE M F R M
Table 5 Evaluation of hot dry rock geothermal resources
at the depth of 3—10 km in Guangxi's land area

T AR b A U Jriﬂijﬂﬂwgﬁ
AT AEN AR A (3 2% ED
TOMRAm MR E rabsiE b o baiEE
/10°km® /10°EJ  ##/10"t  /10*EJ /10"t
1 45 044 019 007 0.004 0.001
2 5~6 929 414 141 0.08 0.028
3 6~7 2053 9.65 329 0.19 0.066
4 7~8 2127 1172 4.00 0.23 0.080
5 89 2265 1423 486 0.28 0.097
6 9~10 2263 1547 528 0.31 0.106
&1t 96.81 5542 1891 1.11 0.378

)V F2 B T R 2 R R A )Y A U A
PEMN 5 X R SR AT B 25 A SERE b, 254 I 4Rk
FRETFRE BT V6 T PR b BRGE J G S5 A 5 4 )
PEM 53 H A Bprh IR, 6T 7 b G U5 A 40 A B
A HUR S ERAE IS IR TT A R I kA T
PR A IR E5i8

(D) P92 AR PR F &, 134 2
RIZHRRR TR DA/ 1.23 %107 kJ/°C, AF A JF
F A HE BN 1.36x10%k/a, P& AR ESAE 1.67%
10°t,

(2) ) VG 7K BT b A 7 YR o 1) T S AR
A R IR 5 0 24 b M AT SR I 28 11, #4981k
1781 (26.3~83.4°C) |, Hb A BE W IR B it R 2.56 % 10"
KT, T B bR IEE 87.58x 10° t3 Hlt A A4 4F 1] TP £
1.77x10°m*/a, W] >R ik 28.89x 10 kI/a, F1 & brifE
E3.16x10°t,

(3))7 VG T A b PROGE IR 07 B Bifi sk 3~10
km 313 Bl 150°C AL v i A 5% 5L i Ol 55.42%10°
EIL PT AR 18.91x102t, 3% 2% 1) 1] SR 344 2
] 2020 4F— K RE IR TH FE B 1) 75.94 1%, JR 558
A AT R oy BRI e P P A R BB

Reference

Bronicki L Y. 2016. Geothermal Power Generation—Introduction to
Geothermal Power Generation[M]. Woodhead Publishing:1—3.

Climate Center of Guangxi. 2021. Guangxi 2020 Climate Bulletin [EB/
OL]. http://gx.cma.gov.cn/qxfw/qxgb/202105/t20210527 3356241.
html(in Chinese).

Duchance D V. 1996. Geothermal energy from hot dry rock: A
renewable technology moving towards

energy practical

implementation[J]. Renewable Energy, 9(1/4): 1246—1249.

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(5)



5504 s

INOAATEE . P MRS AR S5V P 1397

Guangxi Institute of Geological Survey. 2015a. Investigation,
Evaluation and Regionalization of Geothermal Resources in
Guangxi[R]. Nanning: Guangxi Institute of Geological Survey(in
Chinese).

Guangxi Institute of Geological Survey. 2015b. Hydrogeological
Survey Report (1:50000) of Shallow Geothermal Energy
Development Zones in Major Cities in Guangxi[R]. Nanning:
Guangxi Institute of Geological Survey (in Chinese).

Guangxi Regional Geological Survey Research Institute. 2017.
Regional Geology of Guangxi[R]. Guilin: Regional Geological
Survey Research Institute (in Chinese with English abstract).

Huttrer G W. 2020. Geothermal power generation in the world 2015—
2020 update report[C]//Proceedings World Geothermal Congress
2020. Reykjavik: WGC.

Kang Zhigiang, Zhang Qizuan, Guan Yanwu, Feng Bo, Yuan Jinfu,
Sun Minghang, Liu Demin, Wang Xinyu, Yang Zhiqiang, Lu Jipu,
Zhang Qinjun, Feng Minhao. 2020. Evaluation of thermal
conditions and potential of dry hot rock resources in Hepu Basin,
Guangxi[J]. Journal of Jilin University(Earth Science Edition), 50
(4): 1151-1160 (in Chinese with English abstract).

Li Sanzhong, Cao Xianzhi, Wang Guangzeng, Liu Bo, Li Xiyao, Suo
Yanhui, Jiang Zhaoxia, Guo Lingli, Zhou Jie, Wang Pengcheng,
Zhu Junjiang, Wang Gang, Zhao Shujuan, Liu Yongjiang, Zhang
Guowei. 2019. Meso— Cenozoic tectonic evolution and plate
reconstruction of the Pacific Plate[J]. Journal of Geomechanics, 25
(5): 642—677 (in Chinese with English abstract).

Lin Wenjing, Liu Zhiming, Ma Feng, Liu Chunlei, Wang Guiling.
2012. An estimation of HDR resources in China's Mainland[J].
Acta Geoscientica Sinica, 33(5): 807—811(in Chinese with English
abstract).

Lin Wenjing, Liu Zhiming, Wang Wanli, Wang Guiling. 2013. The
assessment of geothermal resources potential of China[J]. Geology
in China,40(1): 312—321(in Chinese with English abstract).

Lund J W, Boyd T L. 2016. Direct utilization of geothermal energy
2015 worldwide review[J]. Geothermics, 60: 66—93.

Ma Bing, Jia Lingxiao, Yu Yang, Wang Huan, Chen Jing, Zhong Shuai,
Zhu Jichang. 2021. Geoscience and carbon Neutralization: Current
status and development direction[J]. Geology in China, 48(2): 347—
358 (in Chinese with English abstract).

Mao Xiang, Guo Dianbin, Luo Lu, Wang Tinghao. 2019. The global
development process of hot dry rock (enhanced geothermal system)
and its geological background[J]. Geological Review, 65(6): 1462—
1472 (in Chinese with English abstract).

Muffler L J P. 1976. Tectonic and Hydrologic Control of the nature and
Distribution of Geothermal Resources[R]. Process Second U. N.
Symposium on the Development and Use of Geothermal Resources.
San Francisco, 499—-507.

Our World in Data. 2021a. Installed geothermal energy capacity [EB/

OL]. https://ourworldindata.org/energy—mix.

Our World in Data. 2021b. Installed geothermal energy capacity [EB/
OL]. https://ourworldindata.org/search?q=Geothermal.

Peng Songbai, Liu Songfeng, Lin Musen, Wu Changfeng, Han
Qingsen. 2016. Early Paleozoic subduction in Cathaysia ( I ): New
evidence from the Dashuang high magnesian— magnesian
andesite[J]. Earth Science, 41(6): 931— 947 (in Chinese with
English abstract).

Song Bo, Yan Quanren, Xiang Zhongjin, Chen Huiming, Ma Tieqiu,
Yang Guangyuan. 2013. Sedimentary characteristics and tectonic
setting of the Middle Triassic Pingxiang basin,Guangxi[J]. Acta
Geologica Sinica, 87(4): 453— 473(in Chinese with English
abstract).

Sun Minghang, Liu Demin, Kang Zhigiang, Guan Yanwu, Liang
Guoke, Huang Xiqiang, Ye Jiahui, Guo Shangyu, Sun Xingting,
Tang Weri, Feng Minhao. 2020. Analysis of hot—dry geothermal
resource potential in southeastern Guangxi[J]. Earth Science
Frontiers, 27(1): 72—80 (in Chinese with English abstract).

Sun Minghang, Wang Ruihu, Guan Yanwu, Liu Demin. 2022a. An
estimate of hot—dry geothermal resources in the continental area,
Guangxi[J]. Journal of Jilin University (Earth Science Edition),97
(4): 454—474 (in Chinese with English abstract).

Sun Minghang, Zhang Qizuan, Liu Demin, Sun Xingting, Lin Shan,
Wu Xiangke, Liang Guoke, Guan Yanwu, Ye Jiahui, Li Yefei.
2022b. Research on the genesis and occurrence models of Hot—Dry
geothermal resources in Guangxi[J]. Bulletin of Geological Science
and Technology, 40(3): 1—11 (in Chinese with English abstract).

Tang Xianchun, Wang Guiling, Ma Yan, Zhang Dailei, Liu Zhong,
Zhao Xu, Cheng Tianjun. 2020. Geological model of heat source
and accumulation for geothermal anomalies in the Gonghe basin,
northeastern Tibetan Plateau [J]. Acta Geologica Sinica, 94(7):
2052-2065 (in Chinese with English abstract).

Wang Denghong, Chen Yuchuan, Jiang Biao, Huang Fan, Wang Yan,
Li Huaqin, Hou Kejun. 2020. Preliminary study on the Triassic
continental mineralization system in China[J]. Earth Science
Frontiers, 27(2): 45—59 (in Chinese with English abstract).

Wang Guiling, Zhang Wei, Liang Jiyun, Lin Wenjing, Liu Zhiming,
Wang Wanli. 2017. Evaluation of geothermal resources potential in
China[J]. Acta Geoscientica Sinica, 38(4): 449—450,134,451—459
(in Chinese with English abstract).

Wang Guiling, Zhang Wei, Ma Feng, Lin Wenjing, Liang Jiyun, Zhu
Xi. 2018. Overview on hydrothermal and hot dry rock researches in
China[J]. China Geology, 1: 273-285.

Wang Jiyang, Hu Shengbiao, Pang Zhonghe, He Lijuan, Zhao Ping,
Zhu Chuanging, Rao Song, Tang Xiaoyin, Kong Yanlong, Luo Lu,
Li Weiwei. 2012. Estimate of geothermal resources potential for
Hot Dry Rock in the continental area of China[J]. Science &
Technology Review, 30(32): 25— 31(in Chinese with English

http://geochina.cgs.gov.cn FPEHLT, 2023, 50(5)



1398 i [

b, J 2023 4F

abstract).

Wang Jiyang. 2015. Geothermics and Its Applications[M]. Beijing:
Science Press (in Chinese with English abstract).

Wang Jun, Huang Shangyao, Huang Geshan, Wang Jiyang. 1990. The
Basic Characteristics of Chinese Geothermal Distribution[M].
Beijing: Seismological Press (in Chinese with English abstract).

Wang Qianshen, Teng Jiwen, Zhang Yonggian, Chen Shi, Wen Wu, Pi
Jiaolong, Ma Xueying. 2017. Discussion on the crustal density
distribution and deep crustal structure of the super— long profile
from Mandula (Inner Mongolia) to Pingxiang (Guangxi) [J].
Chinese Journal of Geophysics, 60(12): 4681— 4698 (in Chinese
with English abstract).

West F G, Shankland T J. 2013. Hot dry rock: Widespread but
invisible[J]. Eos Transactions American Geophysical Union, 58(5):
299-302.

White D E,Williams D L. 1975. Assessment of Geothermal Resources
of the United States[R]. Arlington, Virginia, US: US Geological Survey.

Xiong Liangping, Gao Weian. 1982. Characteristics of geotherm in
uplift and depression[J]. Acta Geophysica Sinica, (5): 448—456 (in
Chinese with English abstract).

Xu Xiaosong, Liu Wei, Men Yupeng, Zhang Haiquan. 2012. Probe into
the tectonic nature of Neoproterozoic southern Hunan— northern
Guangxi marine basin[J]. Acta Geologica Sinica, 86(12): 1890—
1904 (in Chinese with English abstract).

Ye Songqing, Li Shouyi. 2011. Mineral Exploration (3nd ed) [M].
Beijing: Geological Publishing House(in Chinese).

Yuan Yusong, Ma Yongsheng, Hu Shengbiao, Guo Tonglou, Fu
Xiaoyun. 2006. Prensent—day geothermal characteristics in South
China[J]. Chinese Journal of Geophysics, 49(4): 1118— 1126 (in
Chinese with English abstract).

Zhao Jianbin, Feng Xiaoyan, Yan Keqi, Guo Hui. 2011. The key
technical analysis on the hot dry rock in northeast cold in China[J].
Applied Mechanics & Materials, 71-78: 1268—1272.

Btf i 325 2% 3Tk
PP 3 DCH T 8B . 20150, ) TRHLNE 1A DX RS 5 25
PP 5 X R R).

TP B G K TR AR G . 2015b. )P BT R MU AE T &
X 1:5 T3 7K SCH BRI A4 1 [R].

PP A A XA 0. 2021 TP 2020 4F S 4 2> 4 [EB/OL.
http://gx.cma.gov.cn/qxfw/qxgb/202105/t20210527 335624 1.html.

JTPRAE 996 X XS T A F ST BE . 2017, T PRI FA DX X 4
M TR [R].

R, SRS, A E R, 1, RAeR, INEAT, XIER, THT,
O, BEEEE, SR, S REE. 2020, 1P A AT HCA HEIR
AR IR AT B TIAFA (], 35 MROR 2 2 3R (b IR B3 R, 50(4):
1151-1160.

ZE =, WIE, TOUR, XL, ZRA8TR, SRR, ki, SR H,
T, TMGH, AT, FERI, B4R, XATT, JkEf. 2019, KOF-#HF
A e v —ir 2 A s Y A S b e E R (D). b SR T 2R 24, 25(5):
642-677.

T SCH, XIGRI, Shid, XIETR, T 038 2012, 3 [ kX Hus TR
TWEIANEELT]. MR, 33(5): 807-811.

T SCi, X ARIH, THAE, T 5034 . 2013, Hf [ B 8 R L g o
A1, HE LT, 40(1): 312-321.

hyk, BERTE, T, B BRER, B, AT S 20210 HhBRERE Sk
FROREBLIR S & e R[], P E MR, 48(2): 347-358.

B, B, B, EEH. 2019, (1R PR IR IEOT & RS
BT T[], HUBTISIT, 65(6): 1462—1472.

AT, XIRAUE, PROARER, AU, BHPCAR . 2016. F Bt AE AU ik
A (I ): R 38 i B — 8 0 22 L 4 B e 48 [J]. HhER )22, 41(6):
931-947.

AL B AN, A, BRAEI, SARER, #0700, 2013 PSR =
B A ORURHAE S AL SR P AT (0], HUBT2, 87(4): 453-473.

INEAT, RIE R, Heiom, B R, BREFL B, i FOH, 3T,
PhILBE, S, IR SE . 2020, A AR T Mo X T SR M BT I 20
B3], Hh2ATii2k, 27(1): 72-80.

VAL, TEGH), 4 a0, XIFER . 2022a. 7 PU R I T A8 H B g 8
WA, B MK FIROBIRBIER), 97(4): 454-474.

INIAT, SN, RITE RS, Fh4BE, MR, SRAEH], R & 2, i
FME, 22K 20226, ) VG AR AR IR R R AL il 5 AR 5
WFFE[I]. MR, 40(3): 1-11.

FEE AR, TOEs, Do, kR, XILE, BOl, FEH . 2020. G IEA
i b b A G DA AL 5 2R AR [T]. T 2= 4R, 94(7): 2052~
2065.

TEAEN, W25 R, DL, fTAnE, 7, ARAGPR, Beks, JHIR &, FLE
Je, B8, 2= T 2012, v R T AR ARG R T DTN ]
B S4R, 30(32): 25-31.

VEAENS . 2015, Mz KR FH M. Jbae: Bh2 i ikt

T, BRI, YO0, BN, T, MR, T4, 2020, hE =&
OBl IR R 7). M2, 27(2): 45-59.

O, kA, ki, i S, XIAKEH, RN . 2017, R H AR T R
WETIRE 7). HhER2AR, 38(4): 449-450, 134, 451-459.

Ty, R, FA L, T . 1990, [ Hb I 4 A6 I SEAS AR [M].
JE3: A= R AL

TR, B S, SRR, BiAT, SCR, IR, BeENE. 2017, NS
HRFL—) VU TR R ) T b7 A J0T2 BE 53AT BURFR A BRI R
HE[)]. BRI H2A, 60(12): 4681-4698.

RESEVE, w2 . 1982, WL 5545 b b DX 3t iR 37 i 4 1 ], Bk 3
247, (5): 448-456.

VFRORS, XAR, 1TTR I, 34 . 2012, X0t PO EE T 25 J2 4B IX 4
T R PR I]. MBI, 86(12): 1890—1904.

FERAT, 25 SC. 2011 P~ B (3 W) (M. dbat: HoT s it

R, DA, HERR, SR, ATZE0E. 2006. tE R 7 B4 H AR
FRUELT]. MR BE2A 41, 49(4): 1118-1126.

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(5)



