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Abstract: Understanding the lithospheric thermal structure is an important basis for understanding the continental dynamics (i.e.,

tectonic deformation and evolution) of the continental lithosphere. It is also the core of studies on the thermal source mechanisms of
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geothermal fields. Most importantly, it can provide scientific guidance for the exploration and development of deep geothermal

resources. The Cangxian uplift enjoys rich geothermal resources and favorable geothermal geological conditions. However, its

lithospheric thermal structure is still unclear, which restricts the exploration and development of regional geothermal

resources. Focusing on the Xianxian geothermal field in the middle part of the Cangxian uplift through the temperature

measurement of a 4 000 m deep well and fine tests of geotechnical thermophysical properties, this study has ascertained the

characteristics of the terrestrial heat flow and lithospheric thermal structure in the study area, thus filling the gap in terrestrial

heat flow measurement. Moreover, this study has established a conceptual model of the lithospheric thermal structure of the

study area and estimated the deep temperature and lithospheric thickness in the study area. The results show that the Xianxian

geothermal field has a heat flow of 70.58 mW/m*, a burial depth of the Curie surface of about 24 km, a Moho temperature

of about 749 “C, and a lithospheric thickness of about 85—96 km.

Key words: Cangxian uplift; Xianxian geothermal field; terrestrial heat flow; lithospheric thermal structure; geothermal energy.
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Table 1 Testing results of thermal conductivity and radioactive heat production rate of cores of Borehole GRY 1
TR (m) PP R(W/m/K) U(10° Th(10°% K,0(%) W (m) PG R(W/m/K) U0’ Th10"%  K,0(%)
1401.60 8.573 - - - 2632.45 4.173 - - -
1401.90 7.319 - - - 2633.03 5.840 - - -
1402.18 8.431 - - - 2634.07 4.761 - - -
1402.38 7.945 - - - 2631.02 5.214 4.42 18.9 9.11
1395.05 8.471 0.32 0.06 0.02 2632.30 4.318 - - -
1395.65 8.324 - - - 2999.05 3.107 - - -
2 048.64 4.484 - - - 3001.18 2.861 - - -
2 048.76 4.247 - - - 3002.15 2.945 - - -
2 054.10 4.827 - - - 3 005.20 3.042 - - -
2 055.53 4.652 - - - 3 006.20 3.115 0.37 0.44 0.11
2 047.40 5.102 2.74 3.58 0.31 3 008.20 2.969 - - -
2 047.45 5.223 - - - 3 009.95 2.951 - - -
2054.51 7.459 - - - 3011.15 2.809 - - -
2 058.12 6.369 - - - 3012.22 3.098 - - -
2 059.10 8.122 - - - 3013.15 2.983 - - -
2 059.70 6.982 - - - 3 014.00 3.102 4.75 4.91 1.01
2 054.95 7.356 0.19 0.15 0.01 3 015.00 2.796 - - -
2 058.55 7.271 - - - 3016.40 3.342 - - -
2 239.65 5.906 - - - 3017.61 3.032 - - -
2 240.20 4.972 - - - 3019.46 3.521 - - -
2241.17 5.045 - - - 3020.12 3.368 - - -
2241.32 6.231 - - - 3020.77 3.427 0.79 4.48 0.82
2239.15 5.753 1.45 0.25 0.07 3021.50 3.267 - - -
2 239.30 5.365 - - - 3010.18 3.219 - - -
2 243.07 5.116 - - - 3022.18 2.725 - - -
2243.84 4.933 - - - 3022.53 3.713 - - -
2 247.45 5.343 - - - 3023.82 2.407 - - -
2 249.05 5.218 - - - 3025.03 3.612 - - -
2243.27 4.981 0.74 1.45 0.72 3024.97 2.561 - - -
2 247.15 5.021 - - - 3026.73 2.871 - - -
2 251.05 4.566 - - - 3028.15 3.015 0.55 2.63 0.73
2 251.85 4.055 - - - 3 030.55 2.317 - - -
2252.02 4.981 - - - 3206.43 3.408 - - -
2 252.76 4.681 - - - 3 206.85 3.417 - - -
2 250.80 4.259 1.75 4.51 0.99 3207.51 2.762 - - -
2 251.75 5.012 - - - 3208.31 4.231 - - -
2 254.30 3.629 - - - 3209.01 3.641 - - -
2 255.55 4.125 - - - 3212.31 4.012 1.7 8.62 4.66
2 256.18 2.706 - - - 3213.82 4.112 - - -
2 257.63 3.782 - - - 3755.13 4.015 - - -
2 255.70 4.034 1.19 4.46 1.45 4013.10 3.782 - - -
2 258.53 2.973 - - - 4019.57 3.401 - - -
2631.93 5.119 - - -
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Table 2 Testing results of thermal conductivity and radioac-

tive heat production rate of cores of Borehole ZK01

W WFR U Th K,O
(m) (W/m/K) (10°%) (10 (%)
1 340.50 4.63 0.43 0.10 0.03
1 508.00 4.12 0.55 0.15 0.05
2017.62 2.33 1.14 0.31 0.07
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Fig.4 Calculation pattern of thermal lithospheric thickness
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Fig.7 Variation of thermal conductivity with depth
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Table 3 Calculation results of lithospheric thermal structure in central Cangxian uplift
DAY 3 Y2 AR
SR JIE S 4R V}, 5B A, ‘ D, q; ) ﬂ(}lu@u
(km) (km/s) (km) (LW /m?) (km) (mW/m")  (mW/m?%)
EUES 0.50 0~0.5 1.41 0.50 0.71 70.58
AT . B
FEFR 1.30 0.5~1.3 0.53 0.80 0.42 69.88
_ LR 3.70 - 1.3~3.7 0.81 2.40 1.94 69.45
ot A )
Kok &= 5.40 6.02 3.7~5.4 1.01 1.70 1.71 67.51
6.00 6.06 5.4~6.0 0.90 0.60 0.54 65.80
e 7.00 6.10 6~7 0.81 1.00 0.81 65.26
8.00 6.10 7~8 0.81 1.00 0.81 64.45
Kl ol ol PV U R A R 9.00 6.16 8~9 0.68 1.00 0.68 63.64
10.00 6.16 9~10 0.68 1.00 0.68 62.96
12.00 6.16 10~12 0.68 2.00 1.37 62.27
14.90 6.20 12.0~14.9 0.61 2.90 1.78 60.90
16.00 6.26 14.9~16.0 0.52 1.10 0.57 59.12
18.00 6.26 16~18 0.52 2.00 1.04 58.55
. 20.00 6.45 18~20 0.31 2.00 0.62 57.51
i 7
22.00 6.44 20~22 0.32 2.00 0.64 56.89
24.00 6.44 22~24 0.32 2.00 0.64 56.25
26.00 6.50 24~26 0.27 2.00 0.54 55.62
28.00 6.54 26~28 0.24 2.00 0.48 55.08
o 30.00 6.70 28~30 0.16 2.00 0.31 54.59
e
32.00 7.29 30~32 0.03 2.00 0.06 54.28
32.30 7.32 32.0~32.3 0.03 0.30 0.01 54.22

XPN A EERNKE OKAG ®KOAH S
HORAEMMNTASAEBEA BN HRTREE,
MR SRR Z M H s A RS R,

313 MiERMITEE XF L4 b F 4 B (500~
1 100 m) i ik BE % B il 2k FH d5c /D 3 ik 3R 47 2k
PEILA M O6 R BOKR T 0.99, % B I8 B I8 i 4k 1k
O R AR, b IR B B TR R L T A R Y B
U 28 1 40 B 3 S R R B A — A, B = AR
F Mk, BT DL A Al o AR TN 09 I B R (SR IR
A, 2011)  IFARIE A R (D) L (2) B 47 T Rk
IE RS (3) 75 A5 RS Hl A TR b BRI (E
7 70.58 mW/m’. % i & T 3 4 fE (O Bl AE
2020) ,3X F B T 034 B DXCUTAR 1 AR X 3¢ 8 19 31T
Y, 2 DRI 5 R, X 88 5 i 305 R0 0
I, T A A DX 2 R 5 3 AH X A K, TR 5 U2 R R
EINF R 22 5 AT T S 508 AR 1 P
A3, TR A 1] R R AR A 3R 4 (U5 B A% 45, 2009
B S, 2013) . [ R X A I AR (E A 5 X i
SRR A = S SN RS AT S M T Zull i ] R R
A TR R (B ESE,2001; T 1 5

45,2008 ; Xue et al.,2021) , ) b8 F HE A 3%
T B 3B, AN A3 B T A A e, T HL S 3
o B P R b DX Hh R AT OR B R 2 LR LA A
Pl JEE B MG JRE Ll I Sl RS L T T A e — Ak
T WO A H R TV R ) AE X A (A5 e
SRR X A B AR i R A (£ R
P45, 2002 ; BR AR A= 45, 2009 ; 28 B # 4F , 2011).
32 ERBEREH

T B A A P A b B e B A ST AT A S B
1Y) 1l 5E 455 A Y A SRR AR S b 1K ) B AR I 1 45
S (A b X M 7 b M08 b R D R A5 H A R
v2.0),http: //www .craton.cn/data) FIHF 57 [X 2 FL %
FEh 4 000 m (&5 IR BERE, g ar TR BB TR A Y
Hiy 56 S5 R AR TR R g AR B R h Tl Bt 5.4 km
DLV 14 1l )22 43 )23 2 AR 0 S B Al O B0 DL A 5T X
A e b R TR S i Aok, b R MR
[ 43 )25 2 AR 40 Ml 7R I 3 43 A O 45 G m0 N 08 A0 5T
(5 B 5K S B, 20055 Bk 21 %5, 2015). LA
V,=6.2 km/s i b FE R TH , V,=6.5 km/s Jy /1
FENEM, L V,=7.32 km/s N 5L, EHIFERE N
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Fig.8 Conceptual model of lithospheric thermal structure in central Cangxian uplift

0~14.9 km, 1 H#1 52 K 14.9~26.0 km, T H1 5¢ K
26.0~32.3 km. fff 58 X & J R R T R A A E R
REFAE A GRY 185 LS AE L 55 = & JC50 U & ik
SR AR R S 2 [ ARG & R B 5 BUE (GR
WA A, 1998) , hot il SR &R 1 i R
e DN 7 ) = ey o [ R = A
2020) , ooty B R K LLF E B W 45 2
M ERERH V,-A XRS5 53], R 4 =L
(6)JF 545 B WF 52 X A A0 BBl B 25 4, 33 L 3% 3.
H# 3 0T, 9 BB R P R 5 VR g h
16.36 mW/m”, i 1% #4 i ¢, K 54.22 mW/m’, ¢./
q.=0.3, R “ Py 5 R 5[5 A b E R A
A B G 1 oy b — B CER AR AR 45, 2015) . Hh g
T 7 b 2 B A H s 69 %0 A L, 3 I IR 4R
5 AR X1 25 A B A S5 b B B R R
15 M 72 25 4 X 43 R4 2 BT T G 4 R i
filh 1, N7 B 5T X b 7 A R R o B AR 2 R
AL W 8 BT R, e LR rp b 5T A AR

SR T BE AR R I e B b v B R R P
oo U Mg S 3 AR OGR4 R 0.77 pW/m’
0.36 pW/m*,0.14 pW/m’. & H B & h 3 L .
T Mo G B M AR R B A 11.46 mW/m’,
4.05 mW/m’,0.87 mW/m”, & i 72 #37 Eb 491 43 )
K 70% . 25% 5% , AT LA H 5T X M5 A AR
F 2 b ST Ko H 5 A TR 7 A B
HR A O A b 5e 85 AR SR T DL A R T
JZ IE AT M A3 A A 6 T AL LI B A )2 RIRT
A AR R T AR A A3 2 SR S B Al S 0 3
Bt o DR B O R R B R TR B T A AL
KB E B HZ B e R Cermak 24 2 (A 7) %t
EA A RS R ROE SR JE R A (6) 1A
Hb VR AR S T R A S, & R A A
AR ERIT I BB B BER D H T 0~32 km
Hb R 3 A 5 MR AR R L ol B DL A A
SV A AR AN TR) TR R b R R R R A 1 A IR Y
TR Y5 {8 . 76 HE AT 3 3 6 32 31 5 e, b 2 30 B R
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Table 4 Calculation results of temperature distribution in central Cangxian uplift

i e %2 B IE A ¥ FHE o KZWIE IR
25 2 PR (K )X JE WG R o A S 1 9 T
m . 5

(km) (km)  (W/m/K) @W/m’) (mW/m®) (C) (°C/km)

WINFE 050 0~0.5 0.50 - 1.41 69.88 64.76 99.52
et s

B & 1.30 0.5~1.3 0.80 2.04 0.53 69.45 87.45 28.36

L 5E B HWELZR  3.70 1.3~3.7 2.40 3.99 0.81 67.51 105.43 7.49
gl A

KA 5.40 3.7~54 1.70 3.84 1.01 65.80 134.94 17.36

Kt -l Te ol B T R AN A SRR 14.90  5.4~14.9  9.50 2.64 0.70 59.12 359.47 23.64

5 26.00  14.9~26.0 11.10 2.30 0.36 55.08 635.15 24.84

T b TE (ST ) 32.20  26.0~32.2  6.20 2.97 0.14 54.22 749.15 18.39

AF 5% DX 3 At T R I Y VR SR 25 m, fE IR Y TR . i HE(T) - -~

JE 15 Coit g R R 4. SRSk F 5 X 32 km
DA Y b, Y8 8 I R R 48 0 3 T AR AR, G 2 T I
BEZY Ry 749 CHF 3 4 b F B3 Y Ml i AT A (2 R
AIAS W IE DX J BT OR B 24 0 23.1~24.5 km. K R
V. Ml S B TR A 420 °CL, B E R R E X N
660 °C, 1 3& [ 75 8 4 H 1L ik 2 8 A 14 1 1 3l X
B8 T Y5 B AT Kk 1 000 “C LA | (Hyndman ez al.,
1968; Lachenbruch, 1970; Lachenbruch and Sass,
1977) , 5 F 5% IX B2 78 i BE HE AT X L, AT RLR B
M= e Sl Sl R B > Bl P 1 R L) Pl T R
% X5 L T R O R ARG K HL T
Kot s Rk, W B A X R E K&, B R &
W58 DX TR A) BB A7 AE T #0CA 22 3R R AP IR 85

FE R M R T 5 A LR AR T v B R R
T A A A B R S TR pl T O AT B o T R
{0 [l 7E 85~96 km 2 [H] , BIF 5% DX 45 v 19 2 A Pl 1 7
TR b 1 11 B T 0 5 ) A 5 B b 52 IR, i b F
5% X M 52 2 DU RUA BT AR AR B R 98T ik R
FUEE U R UUBUZ AR 58 X 008 2 32 31— 7
) B A LR I P R, DTG off 45 A0F 9% X b 3R S L
T EL [ S VG ) 1) B v 38 B 0 ARG A LR AR 102~
122 km 2 8] (B B 45, 2020) , A7 T 9 B B B 45 0 Y
U B 34 B 1) $A 5 A P RS R 71~90 km (Qiu et al.,
2014) , A A0 AWF ST R & B, A T R B T 1)
IRB WA I — R T I A A R
19 28 A REAE . BIF 5 X BT 7 1 78 B [ e 0 T i i 15 4
oo Pg s B ARG T — R 1 S B
(F R ,2021).200 Ma g, K70 &6 14 B2 H - K
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Fig.9 Thermal lithospheric thickness in central Cangxian

uplift
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