52 FE 2 i oo Vol.52, No.2
2025 43 H GEOLOGY IN CHINA Mar., 2025

doi: 10.12029/g¢20240226001

SRR, AN, R DI, Sk, slolE, TR, I PGIK, PFSCEE, AR IRET, AR, 2025, IR FE S RE . T PE iR R B IR 1 (0],
EHT, 52(2): 399-415.

Zhang Linyou, Li Xufeng, Zhu Guilin, Zhang Shengsheng, Zhang Chao, Wang Huang, Feng Qingda, Xu Wenhao, Niu Zhaoxuan, Deng Zhihui. 2025.
Geothermal geological characteristics, genetic model and resource potential of hot dry rocks in the Gonghe Basin, Qinghai[J]. Geology in China,

52(2): 399-415(in Chinese with English abstract).
BEEMEZEREZFIE .. THRERE R FIRE

KKK, FHEE, kFEBE, KL, K, F#, GRAE, FXE,
ok E, AP E g
(1. PEMAE B K FTIRER SRS+ o, K& 300309;2. FERGAE L FEF g RTRESAE TS, REE

i Fo 45 0100103 3. F il B K XLH T TR ABLHAE, Fif BT 810008;4. A B R AT A LRERLE L LR
F RAE TR ), Wl RAR 610059;5. F H¥ A% £, LK 100037 )

TR [FRT B ] 0T 790 SR LR A 3L 3 0A e PACIR A A e 7 [ 1A ot DX 22 i i M AP ) B2

o T A A B R AL R R S (R BR T3k ] AN SO i 3Ry B D0 R A8ty S 000 5L sk, 43 T

A BN A A RAE 55 = IR A 0 AR . SR PR BUE RS 53, W10 ARICT 283 7R V5 ) 2k 3 R S, A 3

fitlh b, VAL T B IR X T A SO B R AT TN (MIRER] A THCE AR, 5

km LR IR AL T 2.48x 107" T, Z3 b B2 3 25 V4 1) A7 A W 35 25 5, 78 AL R 5 2 b 5 H VR RS AR AR T A 2 4B,

FE IR A BB — FC B SC Rt ) b IX B A 00 ) b 3R B 25 4 - [4618) 7ER A i AFSE LAl b, AT,

T R AR SRR, I A B RS TR S B, B R R TR R R I, TORR 55 2 DT SR A F A

Zsgm, 3T A I A ARV 1) 25 5 HH 0 IR R AN T A AR I R A

X O IREY; TEGE BRI FHRWE P Hhb SR A TR A FiE

B = (DEE YRR, SIS TORL JBE T A B B IR R, SR AL, )y 12t BRHL T
ARV R e 4B IR 530 (2) 76 R GEWFFT RN 20 A SR RAE S At b, 955 T A 2 =
TR MBI B, A A ZE T A AR A T B

FESES: P34 XERERR: A XEHS: 1000-3657(2025)02-0399-17

Geothermal geological characteristics, genetic model and resource potential of
hot dry rocks in the Gonghe Basin, Qinghai

ZHANG Linyou', LI Xufeng?, ZHU Guilin', ZHANG Shengsheng’, ZHANG Chao*, WANG Huang’,
FENG Qingda', XU Wenhao', NIU Zhaoxuan', DENG Zhihui'

(1. Center for Hydrogeology and Environmental Geology Survey, China Geological Survey, Tianjin 300309, China; 2. Hohhot
General Survey of Natural Resources Center, China Geological Survey, Hohhot 010010, Inner Mongolia, China; 3. Qinghai Survey

s B H5: 2024-02-26; BBl H H#5: 2024-04—-12
HEMB: BHK H AP EFRAEL T H (42202336) F1H FE S A /150 H (DD20190131, DD20211336, DD20230018) XA %8 .
EERA: kK A, B, 19874F A=, T4, B gk TR 0, &2 O\ 3 b W U H & B g% & BOME BB SR TE ; E-mail:

zhanglinyou@mail.cgs.gov.cn,

http://geochina.cgs.gov.cn F1 E ML T, 2025, 52(2)


https://doi.org/10.12029/gc20240226001
mailto:zhanglinyou@mail.cgs.gov.cn
http://geochina.cgs.gov.cn

400 3l b Ji 2025 4F

Institute of the Hydrogeology and Engineering and Environmental Geology, Xining 810008, Qinghai, China; 4. State Key
Laboratory of Oil and Gas Reservoir Geology and Exploitation, Chengdu University of Technology, Chengdu 610059, Sichuan,
China; 5. China Geological Survey, Beijing 100037, China)

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

[Objective] The Gonghe Basin, situated on the northeastern margin of the Qinghai—Tibet Plateau, is a significant experimental area
for the exploration and development of hot dry rock (HDR) in China. The formation mechanisms of HDR within the Gonghe Basin
remain controversial and have attracted considerable research attention. The current thermal state is of great significance for a deeper
understanding the distribution patterns and formation mechanisms of high—temperature geothermal reservoirs. [Methods] In this
study, extensive geophysical exploration and drilling data are integrated to describe the geological and geothermal architecture of the
Gonghe Basin. A two—dimensional temperature field profile across the east—west axis is established through numerical simulation.
Based on these results, the resource potential of HDR is assessed, and the key factors controlling HDR formation are analyzed.
[Results] The Gonghe Basin hosts abundant HDR resources, with an estimated 2.48x10*' J within the depth of 5 km. The
two—dimensional numerical simulation reveals significant temperature field variations between the eastern and western parts of the
basin. The temperature field variations are consistent with the distribution of the basin's basement depth, which decreases from west
to east. High—temperature anomalies are observed in the northeastern region, particularly around the Xinjie—Waliguan uplift belt.
[Conclusions] On the basis of understanding the knowledge of predecessors, this paper proposes a comprehensive HDR formation
mechanism from the perspectives of geological, geothermal, and geophysical backgrounds. The formation of HDR in the Gonghe
Basin is controlled by multiple factors, including continuous heating by partial melting, heating and conducting heat by granite, heat

controlling by neotectonic uplift and denudation, and heat preservation and accumulation by sedimentary covers.

Key words: geothermal field; hot dry rock; formation mechanism; potential evaluation of HDR resources; geothermal geological
survey engineering; Gonghe Basin; Qinghai Province

Highlights: (1) The stratigraphic distribution within the Gonghe Basin was determined through the integration of 2D seismic,
drilling and other exploration datasets, and the two—dimensional temperature field distribution of the shallow crust in the basin was
established for the first time by numerical simulation; (2) Based on the systematic study of geothermal geological characteristics of
the Gonghe Basin, a genetic mechanism for the high—temperature geothermal resources within the basin was proposed. This
mechanism provides a fundamental geological basis for the exploration of hot dry rock resources in the Gonghe Basin.
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Fig.1 The regional tectonic location map of the Gonghe basin (a), geomorphological map of the Gonghe Basin and its surrounding
margins (b), the geological map of the Gonghe Basin and its surrounding margins (c)o
WQ-WHS F-Wenquan—Wahongshan Fault; RYS F—Riyueshan Fault; QHNS F—south margin of Qinghai Nanshan Fault; GHNS F —Gonghe
Nanshan Fault; DHM F—Duohemao Fault
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Table 1 Drilling information in the Gonghe Basin
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Fig.3 Drilling temperature curve in the Gonghe Basin (the distribution of drilling locations is shown in Fig.1)
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Table 2 Thermal current values of drilling in different areas of the Gonghe Basin
i S LIRS FE/("C/100 m) PER/(W-mTk!) KR Hedf ke Y5 BdE R
GCl 34.4 1.59 54.7 AL C
GH-01 40.5 251 101.6 AL A
ZR1 2.91 2.93 79.5 HRBgE%E, 2016 B

TE: GCURHIHLJZ B U i v St b 2, RN 4R X MR S R SRR B, BRI FONCR B GH-01HF Rt it 2 T8
SEHINAJEMERSINR, REHE LT RE, BITNASK, 755 SRR S, 1990.

R 3 EEAYMESHREE

Table 3 Model thermal property parameters and values

Hh AR S 84 WG H/(W-m k) A B /(W-m ™)
Vi = 1.59 1.67
25 BB R 2.51 3.20
vE: PR KL Zhang et al., 2020, Y Fih Fibigie
HREHE K 30 mE FEDEMEHE .

PRI Ay 125 km, FAY R A -10 km (1] 5),
AN
T (x,20) =Ty (x)

oT oT
™ (x1,2) = I (x2,2)=0

oT
—k(x,2,,) =7 (X, 2) = O (%)

o 2 BRI, 2, BT, o B2 7 3
T, o SRV, To RMHREE, 0, IRHFHAL .

WA 7oA e Gl 26, B O TR i 5
AT (HUREE(E 15°C), JRFS BG4 (0, )
B AR, e A W A S AR ( 0,0 ) LAY
FHRBIFIRL, FA A YRR (] 5) .

UL R ANE 5 froR, JEA G IR E e e S
SRR AR IEAR ) &, TR 55 R B A IR B2 3

(3)

WERS g3t

TEAR R AL X 57, PHEBIMTRA XA, AR T JE IS A R
TEBXT AR s A o 2 i B ) T
F i, 150°C IR RAE 4400~2270 m, 180°C 45
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HE B 3 AR S B 7 — B L G B A P & 1 iR
LRI X
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I, TR o TR AT TF BRI . A SR
At T R R A S km L7 L IR
180°C 0 FHEHABRIT AL A VR VR S AT A
fil, A AR:

Q=pC,V(T-Tc) (4)

O PP BT AR (1) 5 p PGB (kg'm™);
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Fig.5 2D temperature profile of the Gonghe Basin
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C, =0.0614InT +0.8536 (5)

FETHR AT AR v, B S T AL A AR R
L, 0 9 ARl S 5 W R ST = A P A AR A
RUFEHAE ) 4 B 1 km A9 A4S, 23 5471158
FEHEATSROA, SR 2 0 T HCA TR . 280t
B, SR S km DLV T A GBS R FRZ) Ry
6.70x10" m’, £ B WE PR 29K 2.48x10% J, ¥r & bx
HEIREZ) Ry 8.45x10" to _FIRTHREN A At s
PR BT, SCPR b 32T SE BRI Ak FE rh A
FAEE G AR LB I 45 A 2R T A T
A, AR B G T IS 115 (E (Zhang et al.,
2022),

5 SR HCA BB

EIRIA T A IR0 7 b 22 46 rh Al Bk
G AFAACRA X IH (Ly, 2018; Kong et al., 2021;
TEAEIGAE, 2023) o GRS Hhu s =y PR L 45 DA K A=
ARHB T A 8 35 (A | A R SRR T AT
A A 35 2 A & (Genter et al., 2003; Benato, 2016;
Garcia, 2016) o #R 11 01 Z oAb F A B Py, 2 25
IR 1 P RT3 TP B = S P e i B, A
MR BE K (Xu et al., 2014; Jia et al., 2019), FR3HB
15 s AH X 1055 (Zhao et al., 2020), BCE ML ik
WIS ATR] o A, X6 T e 70 2 v ik i bA R L
i, ST AR RS AR | AR R TIO PEAE BR

SW_ Sl !

[ L1 el e e ——
4.0 4550575859 6.06.1626.36.46.506.66.7687.0798.08.182

Vp/(km/s)

SEGATH (R4, 2018, 2020; 5K AR 45, 2018, 2020b,
2021; M5 194, 2020; i i 5%, 2020, 2023; Tang
et al., 2022; i SCHASE, 2022, 2023; {24474, 2023) .
AR SCEF R LL_EARTR T 1, 454 2 st P4 R R Y o A
FEAE, BRI A S AN G T A AR 2
5.1 FHERRHLHI
5.1.1 ¥ hg Ak

JUAETESE (2013) T FEARHLRR AR A LA 2
M b b AEE AR EUHT, JF 5 T B e i A
FEAR IR, 2 AR A AE AL T B R A S ] 3
—AF N IR S H X . Feng et al.(2018) & T3 Z
DAV S0 S5 000 MR R UL S T B b e A A
Ko BRI, MBI SR “He HLIEAE 0.04~0.08 Ra, Skt
UG SBR[ H5T, ASFELE S5 HE RS i (R
HFZEAE, 2017; 5 0 HAE, 2020) . A B
FAF 5 5~ , MRl DX 10 A BTk AS 7 R b AR I
) 26% 2245 (R4, 2020; 18 SCHEREE, 2023), A
RESHEE, AN, B RURE S b ER Y B OR,
LFNRIR (>30 km) FFANAEAE 3 50, K H BRER
BT HEAS (5 45 3= S 147 (Zhao et al., 2020) .
5.1.2 IR oI5k Bk K

T e JL i A A IGH R 52 (LV-HCZs ), 9%
N K S TR B AT AE B4 15 Bl (Wang et al., 2015) . ¥4
25— — A I 2 S v 45 2R (1] 6a) SR LI
2 M DX A MO T DL R 5~20 km B P i i A7 AR A

|

20 Vs/(km/s)

4.8 4.4 42 3.8 3.4

Pl 6 LI b it 7 o B 4548 (45 Jia et al., 2019; £RA%ESE, 2001 &40
Fig.6 Seismic wave velocity structure in the Gonghe Basin (modified from Jia et al., 2019; Qian Hui et al., 2001)
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B, IS 2N R b L b se 2 A SRR
PREH B 52k (Jia et al., 2019) . £RHEZE(2001) F
T LA — T AR B, R TR R ER 15 i
THER—ERINZRY S P H S5 H, 455 (5] 6b)
LI (36.3° N, 100.6° E, 199 £)1E 23~41 km
REEA — R

KM H BRI R 7R, e LR At rh— b b 5e A7
2 AR & 5 52 5 1, BB/ F 10
Q-m, IRETE 10~25 km([4] 7, C1., C2. C3), "I fig /&
BB s il B, 0k b 2R PO A A BT R R B0 30
mW-m2(Gao et al., 2018; Zhao et al., 2020; Gao et
al., 2020; SKFRIGEE, 2021; JH WK%, 2023) .,

Y48, Pan et al.(2021) 3&F K AL 2AWTFE AR, &
D. 0. CI D} R it Jo 2 AEF5 7 T 45 by s Bk
TG R R B b A AR T B AZ B T A K AR I Ab
%55 Zhang et al.(2018) J& T HuiR 371155 & B ILFn 22
by — b b 5 TR R IR B SR B TR AR
G305 Rl PRI, A A TR B S L PN A R AR
ARSI AL G, SR A T I I B GOk
Ui, BT, 7o BRI il o R T HCA T e gt T
HAM PR —INTZ A5 2252 F BIA T . HAE
PR —4R AR, 5 IR GE A3 I ) A8 B AN 2 I ) AR ot
iR, AR IR T B AL RGN . R AR A
a3 3 s A H A X X SR B se R e
Tl %y B PR i %, Pan et al.(2021) . KRR 45 (2021) .
T SCHRAE (2023 ) AR H T e 9 b I 2 3k 55 )
W5, AR T AN, BUEAE T, AR
FE AT R
5.1.3 A A& K

b BT P TR S P A AR 2 b DR b RO 32 Bk

U822 —, B AR ROT R A A A P = B a3 A
T4 el BT R 00 A B LA 52 M (Brown and
Rushmer, 2008) . — M ALK A& SRR
T, O AE IR AR R R E R E AR, A
I BT AT RE S TE B i A I KR
SV 1 73 b B A A8 v ) TS M A B3 (Siégel et
al., 2012), 24 T4 — B4 1Y Big Lake Suite
FR A PCRAE 7~9.7 pnW/m?, A N 1% K
T EF R E (Ayling et al., 2016) .

LN b DURR 55 )2 7 289 2 R I 4R X TR
JEAE BRI INERIRLE, 2002), BEA BEAEE S MBI
%5 BARC A U TEA BEOE BN, JORTE R A ik
WA TR S AR #OR (5K S, 2020,
Weinert et al., 2021), [V % = T2 B8R ¥ {H (Artemieva
etal., 2017; 5k H%, 2020) . SRITUCI I HERFLES I
LA AT SR, AR R R N AR AR 22 Ak R T T B
AEPORIK 7 uWem P DL (28474 2023; B 78
4%, 2023), #5235 Copper 73 T #CA I8 AL i
R PER N I B IS EZHAE K A AR AT, 1
P MAEHLX, L5 A ARIETR 2D AT 10 km (5K AR BT
A5, 2018), M b AR A6 14 TR i) Ml 7 JREJE (Jia et all,
2019), JECS AR I S T 3 T IR BT AR A Lk
30%~40% (5K 4E, 2020) o HRBELITHEE, SRS B
H Hh X AL (A R A A7 AE T (A5 4000 m TR B 19 R R
JETE 39~70°C (Zhang et al., 2024 ), A] L5t A= 44
Xof A A R b AR S A e o TR AR T A T
ARAEFHI 5
5.2 BRI EIERESE
5.2.1 £ 7K F ihat IR E Y 69 % a Ak A

PARAR 2 AN S BRI 52 35 S, R i R T2
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Fig.7 Resistivity profile of magnetotelluric sounding line in the Gonghe Basin (see Fig. 1¢ for location)
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W5 TR PP S 25 e 0 — Fh AT 50 X, B
P i Hh 57 12 1R 3 (Woodhouse and Birch, 1980;
England and Thompson, 1984) . F ik =1 JR A L % UL
THAE 43 W AE 8 Ma. 3.6 Ma, 2.6 Ma, 1.8~1.7 Ma,
1.2~0.6 Ma £ 0.15 Ma ¥ i A4 T Pt iy B Betk4h
TF#0ph i #2 (Callonnec et al., 2014) , FE[m] #H Rz 0
7 RN Z M ) 2% b X OE 7E R 22 B T (W et al.,
2024) o BEIFE LA INA B ERE Won, SR
W R R R AN AR TR AN A
(1.91~3.52 kPa), I (681~693°C ), #E5 H A A&
RAOIREETE 7.2~13.2 km (51 Bedi %5, 2020) . BAE
M RC ) 1z HEE 2 R, MR B 1k
b 7 LA I 2 5 B0 TR B Ak e, 26 IR A A R
MR K A T e R T R, EAH T
KGN 78 35 2R 8 AT, I 2 AR P )
LS B 22 R KT 3K 6000 43K, 1 B 7 M 4 7Y
) 3 2 R~ TR il FE . b AR PO B G M
X 7 L #E B b 2, R ikl U AT A E T 0.5
mm/a( 52 FIX) I, 2009) . AL, 73 iR &
BA =AY A AR L, ESR 4R
R, I R B AT T 22 R AR R T
B FR (PVEE 54, 2007), B F0ki X 2.47 Ma L)
KA TR IBE T 647 m, IR T K K 0.26
mm/a, J FLIAFHHE A AW K A5, 0.41 Ma &
AR TR BF T 0.35 mm/a( =R 2019) .
P TRk, B A AR E S, SRR T, 7=
A SR A R, 1T DU R R B 5+ 5 (Allen and
Allen, 2013) o 73— 5T, 71 [m] 5508 B2 A0 32 375748
b5 2 1 35 JEC ST P P 1) R 1) S AT AR R AU AH )
A (&L 6), il 5 1 B A ZR 3 da T f il i
FUR B — B HLOC R R 2%, (R B0 T 22 R 6
T3 ek AT i 2 e AR A 25 2 W 1 3R R TR A
HEHEERZ —,
522 WARE BARIR AT A MR E 0 %R

IR R I TR 5 2 Bl DA A 2 v T b A R R
B A Y BB R R 2 —, 4 Cooper 78 Hi T #4CA
(Beardsmore, 2004) . AN VT2 LIHE 2L
WAL R 3, AR bR s 1b
4 SEAIGERAE 1.6 Wom KT, B AE B A L 1Y
0.67 £5(Zhang et al., 2018), N R EFAIIRIR)E . Zh

TR A DURR 35 2 I AR SRR, TR A Ui
SE . PR, RS MAMLIX, 1360 m DI EE)Z
FIAFAE AT 75 4000 m PR IR IR 24 20~30°C (1F
K72), BRI T R DTRL R 2 X T HCE PR A
B vk, AR X R R R oA
5.2.3 W7 SL A3 ST TR Y R 09 % v

FH Bl RS T A, R VL R a0 A IR
M 2R A 7R i 25 55 0 e, AN{GRBRAE AR PG ] IX
BT, BRI AZ Wi A=l i SRR A 2
TR L R T 2L TR SR — T LT 2L B e L
24 Wi —FLHLOCHT L . 2R ST 2L W DRI TR
R, HL B Bt — E B DOk i & A T
k., VE A3 38 n] LA A R A B, 38 3 TR AE A
WU B, T2 BRI X bt
PUALE AR VW 58 ab 2 th 8 iR R (F 1a), H
B AR (U ZR 1) A S 7R T W 2 Bt 1R b $RUE
PEZ R (E] 4c. d) o
5.3 HnZHFBHb AR

Zi b, AW R IR G T A AR
s DRFRER A4 R S LA TR PR AR e AR IR
S R Fe TR el R A A, DU R R AR SR
P R 152w, R BT 2 ARV ) 22 55 0]
AR, AR AR R A 3 ok X AR R
Ao BEAk, MR S 0 TR K K 24 1 58 $ g, IE
AR X I T A R A, O T B T
S3 A R SRR A M BT Bt iE A T
TR e JL S 2 A AR 2 1 BRI AR A VR 2
TR (] 8) .

6 4t i

(1) S 00 35 b R V8 1) L A7 A 0 25 5
150°C 25 R R FRVRTE 4400~2270 m, 180°C 4Rk
TRTE 3000~5760 m, [F] %5 R FE (13 B2 4 722 A 5 2 b
FEICHR 74 ) 2R 0 B (A AR RR T AR B, S 7R 25 52
PEHE TR e vT B8 X6 b IR B 37 1 EL A T L A
YEH.

(2) RN A b M AR TE IR F 5, 5 km LAR T HE
PRUR LA R 2.48%107" T, Zh ML AR I EAT B 4T 1Y
Hiu A0CHh 5T 2% RO IR T T, e T IGE R A
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