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Fig. 1 Simplified geological map of Gonghe Basin( modified from Zhang Zichao et al. , 2018&;
Jia Shixu et al. , 2019; Tang Xianchun et al. , 2020&)
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Fig. 2 The stratum and crust structure from Deep Seismic
sounding ( reference to Jia Shixu et al., 2019; Deep
Seismic Sounding in Fig. 1. The velocities in fig. are P—

wave velocities )
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Fig. 3 FEM mesh model of Gonghe Basin
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Table 1 The thermo-physical parameters of stratum and lithosphere of the Gonghe basin
VIFRZ TEi A RAM b5 e T H5E A A e g
L HiER—
EAUES . I T I T I T
B
e e, 1/( kg « K) ] 600 650 750 730 760 800 830 860 890 1100
EE(p, kg/m3] 2200 2200 2700 2600 2650 2700 2750 2800 2850 3300
MEEKE, W/ (m-K)] | 0.3~2.0 | 0.5~2.0 2.2 K, K. K, K,

PERE[ O, pW/m® ] 1.8 1.8 3.5 1.6 1.5 1.2 1.0 0.5 0.3 0.03

K, : FHGE RS SRR BRI AR 1L B P : K, =Ko(1 + e2) /(1 + bAT) JHK, = 3.0,c = 1.5 x 107 km™" b = 1.5 x
107K ™5 K, SSRGS R B RS AL, AT K, = Ko(1 +e2) /(1 +bAT) HH Ky = 2.8,¢ = L5x 107 km ™',
b=0.8x 107" K™K, : FHIFEAR T REERERIRER, i FRLH: K, =Ko(1 +c2)/(1 +bAT) ,HH Ky = 2.6,¢ = 1.5 X
107km™" b = 1.5 x 107 K™K, - A B HE A S R BEVR E AR 1k, fH R aR8A H : K, = 0.368 x 107% x T° + 1/(0. 174 + 0. 000265 X

T) SWEER AL K,

R2AEEBRMFERMERSE (L, W/ (m - K)]
Table 2 the thermal conductivity of Cenozoic stratum
FE 1 R 2 iR 3 LAY 4 HER S
BAES | BAER | OBER Bt B

2.0 1.8 1.5 1.0 0.5

Bl 6 FiR 7 FiiAl 8
. WER—| . WER— |, iR —
A g | PP | gz | PP g
0.5 1.5 0.3 1.2 0.4 1.3

IRIX A A B R E 290 125 km (An Meijan
et al. , 2006, 2007) , BT LA AT R FH 125 km 7EN
AR, R SR BCE Y 1330 °C (Jaupart
and Mareschal, 1999; Turcotte and Schubert, 2014) ,
BT WA Ay 265 R 5

E AP IS B P ABHE B AT 32
SR ) AR I A N T T R R
JEFURZ AAE 5 75 Y B S 800 I (Liu Feng et
al., 2017; 5KHE4E 2018, 2020; B HSE, 2020),
AR ARG SRR TSR JLR G A
JEEAE O 1% DX A S 3 T PO A BT 5
I F RN 2 — (MRS, 2017)  {H 2 e
AR AT TS A AR 3 2 SR R ]« IR A B 2 T
S AR EIE R 3.2 wW/m®, 5 e Ekd i AR
FE I BT 1 A PRGRBE A (SRS, 2020)
Fo A R TR LIRS B IR TR ) B A A AN
[ R RE AR AL AN a4 0 W) 4 o0 WA B A R A2 AR
i ( Chapman et al. , 1992; Doin et al. , 1996; Wang
Yang, 2001; Mottaghy et al. , 2008; Sun Yujun et
al. , 2013) , i T AR B & A BA AR R P4

AYFVRE A, T LA ML 57 i A 5 S5 T L P75 Bt
FEAAL, Mot Mg 5 A AR R LR G S5 T JH ik
PRTR B A A A IR R 4 BT 45 SR (Wang Yang,
2001) ,

TEPHEAL T, 325X A A 2 I TR g
SIS D 2R b 2 AT 3R X R b B ) 1) 5 i 2
7T BRI, ARG LN 7 1 AE S 2 4544 |, 7
ST A ACH 2 R — AR 5 53 At i R —nE
FORIEE DU 2R P2 X P A Lo AT TR, AR
SN AT B BRSO A R AR S — R B
SETOS AL A R TRE A AR AT R AR R (R
2), B AR S IR SR E N O 2.0
W/ (m-K).@1.8W (m-K).®15W (m -
K) @ 1.0W/(m-K).®0.5W/(m-K), 75
TAMEBL R, S T A I R RS P R
HA NSRRI SRR (A 6—Ri 8) (£ 2)
B 6 R = FEE DU R ICT R S E Y 1.5
0.5 W/(m - K) ;88 7 vty i R—prils & IR U
ZMGRPHE N 1.2 0.3 W/ (m - K) ;i
8 "I R—HTIE R A U R R A E O 1.3
F10.4 W/(m - K),

3 UL

BEAL 6 SR T S8 A A b 2 $F: R ( Zhang
Chao et al. , 2018; JH . F%, 2020) , H 25| ik
TILER LI 4, POERIZE S (18] 4) 5 520030 H 4 b
TR BE LI A — 3, MRS R, Hh T 45
B A AMFESHORNE T ET 4 B2 R e A —
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TR 2 R A5

Bl 5 Son 1 Rn i v B A b 2 R —
AFEAR IR S PR RS (R 2 il 1~5)
HEATRUAS B A R i 2. A TR B A R
TN 4 LS I il 2R (5K 4, 2018)
(B4 Rek) , BbIah 5 W s Bk 5t )2 i R
SRS LA B M RS I B R B BT A
JE PG AR/, T Z b R R T 4
BEAY 1~ 3 X0 I 303500 2,018 FT 1.5 W/
(m « K) B0k I A B S A0 T S0 kb 3R A 5 (&
5), EARBIAL 3 rpogr b A 2R R R R
(L5W/(m-K))55M 1.5 W/ (m - K) BHEARF
WG LR — 2 (Zhang Chao et al. , 2018; & ik
B, 2020) , {H I Z A A (R A HOL b TR A T4
S0 b R A B 58 P H R 2 b R A A LU 3
SRR AP, T LA I R T 2 2 IR Ak
AN, FERZ b R BT B I R %A TR IR Y DR

SR TR B b 3 BT R A T O N A A
PR AT RE B RE M KT A S5 )2 20 43 R 565 Y 2R ST
R—E R )2 5 2 E RN TR A 2 T
SCSE Y5 {H ( Zhang Chao et al. , 2018; f& 2 H%,
2020) ,FFHEAT T BRI (B 6~ 8) , 25 51
WRTE 6, HARE 6 ik R—H K &R U &R
b2 SRR R B I Ry S A R R ARE 1.5
0.5 W/(m -« K),#i% 7 FIER 8 % 2GR (H 1Y
FARED 6 ffIE—28 | 55 4% 2 e IR S I 44 S R (8 0 4
T, ARG S R AR 7 F 8 11 R R AR 6
v, (HAE—EJE P, 3 AR A i iR 45 44 5 S B
R RN AR — 350, AR 401 b 3Rl £ 5 S0 b L i £
BB —8, Rl e 3R Bgs R S
S LR FEAR ) B, 2 W AT i R 1 A M R R A
LRI DU RPN 5 B AN TR, A2
WLER (B 6) RS R IR WL i R —Bni 2 F1E Y
FR 206 AN b R P AR R RIS R AR
45 T B S0 Ml 3 1 3R s P85 TR T b 55 D 2R b J2 A
SRREMITE,

4 g

B AE R 1, R 2 s P R Y 32
B N R R BDIBUZ IR 3R, B IE
FIICR A A ZR e —A i — RO LAl TR AL
A1 FEL 2T TR B R e R X A BB i IR S A il 5

-10

KI5, 6t S i 2%
B fir B

B B (km)

FEl4 R T 611 4 0 72 3t By B H0L IR FE 45 4

Fig. 4 The thermal modeling temperature of Model 6 of Gonghe Basin
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Fig. 5 Temperature—depth curves from numerical modelling
for Models 1~5 and from borehole measurements
DR3.DR4 . GR1 Hl GR2 2y TILAI B4R MMAHL4 DL (LA
1) PRI A5 A 2 il i £ (5 55, 2018)
DR3, DR4, GR1 and GR2 are borehole temperatures measured in
the Gonghe Basin (Zhang Chao et al. , 2018&)

I ('C)
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-
y
&2-0- 176
E T
2.54 —HEMS
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30| s DR3
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A DRI

Pl 6 KR 6~ 8 Al E— IR il £&
Fig. 6 The measured and modeling temperature—depth
curves of Model 6~8
DR3 .DR4 GR1 Fl GR2 & THEFIEA AR I 4L P9 57
Fe IR L 1) b T £ (KRS, 2018)
DR3, DR4, GRI and GR2 are the four boreholes in which
temperature was measured ( Zhang Chao et al. 2018&)

i) , L2 DX A P 5 5 J) 30 s DX LU AF AR A ()
FEYE 7 ( An Meijian et al. , 2006, 2007; Feng Mei et
al., 2020) ,3X T AE Sy A 7 b s P it T —
SEFEE I XIS T 5 T e TR
TR XoF T RN 2 b 9 PSR R R AR — U S R, (H
SRR LA AL . LRG0 = AR AU R

BRI O A WAL AL A T | 45
A TN T A A 56 2 A S A S R M 1
2, WER BRSSO B A B 7 08 A AL 55 2 A 6 D 221
Hi s AL AVE T . B9 R HAERRAS 1 7 T J st
P, FER R o PR S (3 A T 24 ) ¢ 2
A i A PR SRR B AR . RAFEREM
FERRAGE 0 T F o dr A A B th AR s
FFaSA L, S50 FE BN A A BA R AR
FIAEE R IE R AT 0, BB R % I8 5], — 7 1, 46
< 2 A AR ST ] R4 B ) SR 2 0% 2 AR 2 b A A
PPl , 55—, PR A A R BRI, SR s
() b AR A i ZeAH — 2, IBIRL TR AT DU 21, B2k
JL 6 2 B I SR 3 B, Yo RN 25 i A A5 ) Y
SR, Mo AR A 35 2 ok ALY 3 IS4, X
SRR SR LI B B A — 350, LA SR 2
ST SR M T AN 2 DU B RN 2 1Y
O MIRAT TR IR ) 5, 28 S TSR T A
SRCHRIAC R T30T LAE 5 70 235 i 1) S R B | A g
i S L 2 A% B R A A A S BURRE , T
B R, Sy TR 8, R S8 322 )
HAARNIERAE, A S EOT G R By 52, I
R AAEAE YR, i AR KRR | %
S HA AR R A R ], I AR
PR T R BE U AR P R s e R 2 R IR AR,
T T ARIEOR B TRER , A I T R 2 5 R
T B A BEAE X T 7 2 B R ICR b —
AN M R AT A3 AT 5%, 45 ) e 3T b 3 A 5
TR BE B RFAIE X 7 25 30T b 3 1R A A b )2 1 R A
SR DU ZR M A P SRR ] ) B 5 SR I B T
X,

P R 6 Y MR A UL 26, 7E VR B 20 km 72
A IR BETTIR 660°C , 35 B /K AL 5 A 19 Al
T 5 SR 2R b b K ) LRI B A 2 Y 20 ~ 30 km 2
B AR A H8 o 4 w2 ( BIIGBH = )2 ) A ( Gao
Jietal., 2018; 5KARESE, 2018, 2021) , HLAiE i,
ST Z L 3 A3 il 23 T AR R e A b2 IR
PRGBS 1) 2 bR B 25 R TR AL, [WIR 4
A b, S5 B R 1 30 K ST 8 0P B B o O A
TGS P A B A 5 V) BE 4 A A s i — 2D ffi 15 5
FE3B 43 W5 b 2 8 R 2 TR (9K AR B AR,
2021) .
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Numerical modeling of mechanism of high heat flux in
the Gonghe Basin, Qinghai Province

FAN Taoyuanl) , LI Bingl) , YAN Zhen”
1) Chinese Academy of Geological Sciences, Beijing, 100037
2) Institute of Geology, Chinese Academy of Geological Sciences, Betjing, 100037

Objectives: Gonghe Basin is located in the northeast margin of the Qinghai—Xizang( Tibet) Plateau, in the
intersection area of Qinling—Qilian—Kunlun orogenic belt. The heat flow in Gonghe Basin range from 93. 3 mW/
m> to 111. 0 mW/m’, with an average heat flow of 102. 2 mW/m’, which is significantly higher than the other
area of China Mainland, about 60. 4 mW/m’ and its surrounding tectonic units. There are different
understandings about the genetic mechanism of high heat flow in Gonghe Basin, such as crust—mantle magma
intrusion, radioactive heat generation, fault tectonic activities and the influence of low-velocity layers in the middle
and lower crust. This paper intends to use the existing geological and geophysical data of Gonghe Basin, combined
with the newly acquired basin thermophysical parameters, to carry out thermal numerical modeling of Gonghe
Basin, and clarify the main factors of influence and control on the high thermal anomaly of Gonghe Basin.

Methods ; Based on the stratigraphic framework of the Gonghe Basin, the finite element grid model of thermal
evolution of the Gonghe Basin is established by combining the deep crustal structure model of the northeastern
margin of the Tibetan Plateau and the seismic thermal lithosphere thickness. According to the deep exploration
results, the Earth’s crust is divided into three layers: upper crust, middle crust and lower crust, each of which is
divided into two layers. According to the sedimentary characteristics of the Ghe Basin, the Cenozoic strata are
divided into loose Quaternary sedimentary layers in the upper part and Paleogene—Neogene fluvial lacustrine clastic
layers in the lower part. Below the Cenozoic strata is the Indosinian granite intrusive rock layer. The boundary
conditions and rock thermal parameters are determined according to the actual detection results.

Results; It can be seen from the modeling results that the selection of thermal parameters of the Cenozoic cap
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layer has a great influence on the thermal structure of Gonghe Basin. By comparing the simulated geothermal
temperature curve with the observed geothermal temperature curve, it can be seen that the characteristics of the
high geothermal gradient near the surface correspond to the low thermal conductivity of the Cenozoic strata near the
surface, indicating that the low thermal conductivity of the quaternary strata is an important factor controlling the
high geothermal gradient. At the same time, Gonghe Basin is located at the junction of Qinling—Qilian—Kunlun
orogenic belt, and the influence of deep processes below the lithosphere provides a certain degree of regional
thermal anomaly background for the high thermal anomaly in Gonghe Basin.

Conclusions:; The mechanism of the high thermal anomaly is explored by the numerical thermal modeling of
Gonghe Basin. If the Cenozoic strata are considered as a whole, the numerical analysis results show that the
measured thermal conductivity parameters are not enough to form the high heat in the Gonghe Basin, and there must
be the influence of deep heat sources, such as middle and lower crust melt. If the Cenozoic strata are divided
Quaternary and Paleogene—Neogene, the modeling results shows the main controlling factor of the formation of high
thermal anomalies in the basin is the very low thermal conductivity of the loose Cenozoic sediments, which is
consistent actual measured with the geothermal curve.

Keywords: Gonghe Basin; Qinghai—Xizang ( Tibetan) Plateau; hot dry rock; thermal numerical modelling
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