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Abstract The Changbai Mountain region is located at the forearc of the Pacific subduction zone and is
characterized by widespread hot springs exposure. It is the largest active volcanic system in Northeast China,
with significant geothermal resource potential. However, due to limitations in the number of drillings and rock
thermal property data, a comprehensive understanding of the distribution of deep high-temperature geothermal
resources in the region remains unclear. In this study, based on depth distribution of the Curie depth, combined
with measured rock thermal property data and temperature correction methods for thermal conductivity, the
surface heat flow and deep temperatures of the Changbai Mountain region were calculated using by one-
dimensional heat conduction equation. The study shows that the geothermal heat flow calculated with

temperature-corrected thermal conductivity is on average about 24.8% lower than that calculated without such
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correction. Based on the temperature-corrected thermal conductivity, the surface heat flow in the Changbai

Mountain region ranges from 72.9 to 86.5 mW-m . High heat flow values are primarily distributed in the

shallower regions of the Curie surface in the western part of the area and around northwest-striking extensional

faults. The depth of the 150°C isothermal surface of the high-temperature geothermal resource ranges from

3216.9 to 4228.1 meters. Shallower depths are mainly found in the western and northern parts of the Changbai

Mountain region, which correspond well to the distribution pattern of high surface heat flow values. This study

supplements the surface heat flow calculation data for the Changbai Mountain region and refines the distribution

of geothermal heat flow and the 150°C isothermal surface for high-temperature geothermal resources. It provides

more accurate parameters for deep temperature predictions and geothermal resource assessments in the region.
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(a) Geological map of Changbai Mountain Area; (b) Regional map of the study area (Yan et al.,2018)
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F1 KAWLMXMERR REE,2019; £33, 2021)
Table 1 Brief stratigraphic table in Changbai Mountain area (Zhao, 2019; Jiang, 2021)
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Table 2 Table for hot spring in Changbai volcanic area (Chen, 2015; Li, 2018; Li, 2015; Yan, 2016; Zhao, 2019)

A Ko g ZJE(E) HHEN) e (m) HE(C)
W SR A - FREHT SR 128°03'45" 42°01'12" 2193 42~73
R IR 165 PSR 128°03'30" 42°02'27" #42000 40 ~ 82
HRVLIR LR 108 TSR 127°59'33" 41°56'22 1700 45~ 60
RASERHE S i 4 S LA EY e 128°07'00" 41°25'04" 760 34 ~40
AMABFOED LR 7 T RBEAA KRR Y RIRECE 127°11'12" 42°08'56" 630 ~ 640 44~62
PR INURINY R 2 26 BT A 126°48'15" 41°5729" #5600 30~ 35

®3 KAWBKERAMBIKEFERGITRE FRE=,2015; EE7E,2016; BXRLF,2019;
X EE,2015; KARFZFEE, 2006; HEEF,1999; Na et al., 2020)
Table 3 Estimated temperature of hot spring reservoir in Changbai Mountain area by geochemical temperature scale
(Chen, 2015; Yan, 2016; Shan et al., 2019; Liu et al., 2015; Zhang and Li, 2006; Zu et al., 1999; Na et al., 2020)

HuERAE A HPERR(C)

TREERR
i B Na-K Na-K-Ca K-Mg CO,/H, H,/Ar S
RS 155 ~194.3 135.4 ~162.7 189.5~189.8 157 94 251.2 245 164.8
HRVLIR AR 147.5 ~ 180.5 124.4 ~160.2 208.7 ~217.3 1725 77.5 2345 129.7 158.2
AR B Y i 103.5~130.3 73.8~102.3 157.6 ~158 137.3 68.3 246.1 - 125.1
AT B SR A 117.6 ~ 136 89 ~ 109 152 132 66 - - 117.8
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etal.,, 2021). J& BT 2 6 B 0 ST, AN B 52 53
SR, BEAE — R L RO ST A R R AR 5 R
JE . AR 1 Rt kL S BBl Y T B e
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Fig. 2 Curie depth of Changbai Mountain area and distribution of sampling points
(Curie depth is quoted from Su et al., 2019; Jiang, 2021)
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F4 KALBXASEHE
Table 4 Thermal conductivity column
in Changbai Mountain area

x5 KBEUWMXEHREHE
Table 5 Heat generation rate column
in Changbai Mountain area

e by PR HRTFIRGR 2 Etk FHgmE EReR SRR
= (Gt ) (W/(m-K)) (W/(m-K)) = (Gt ) (kg'm™) (WW-m™) (WW-m™)
XRA4) 13~2.1 ZRAE) 2690 0.73
YL (6) 1.85 ~7.03 - APEQ) 2620 0.42~1.82
QGEMR) 1.65
QUEMR) b1 3.58 2.65 T 2680 2.02
T (3) 1.75 ~ 3.65 HHIE (1) 2540 3.24
HIEA (D) 1.75 NGHHER) XRAEQ) 2480 0.27 ~0.98 0.63
NGHHE ) LA 1.37~2.88 1.63 W 3) 2720 0.82~1.56
K(HER) 1.86
W#(6) 130 ~2.61 FASE )] 2540 1.28 ~4.08
K(H¥ER) 2.19
VASEC)] 276 ~2.92 ZIE) 2710 0.64
LA (3) 1.54~2 BEWAE (L) 2710 0.91
JRE &) 1.09
B (4) 2.16 ~3.05 (1) 2380 0.3
IHRZ R) W (4) 2.0~3.74 2.44 (1) 2670 2.51
e (1) 222 PIIES()) 2610 2.18
T(=ZFR) 2.04
TR 288 W) 2680 1.9
KA 3) 1.92 ~4.27 VAR 6)) 2585 0.78 ~2.57
T(=&R) 2.56 P(CER) 1.42
(1) 231 W) 2500 0.93
TR E(6) 1.86~3.16 CHHmFR)  BEbe) 2730 2.57 2.57
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Wb (1) 3.36 O(HM ) Y Z=10)) 2820 0.18 0.18
b1 3.16 Y S=10) 2710 0.32~2.91
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JEB(1) 247 CEERR) BbE) 2720 1.84 1.98
ORI ) (1) 498 4.98 JUA(2) 2790 1.91~2.91
Hz#5(Q2) 2.15~2.94 Z(FEHR) YZ=10)) 2550 0.88 0.88
JKEQ) 3.18 ~3.46 FRRE() 2590 1.69
CERR) 2.82
Wb (1) 35 VARSI 6)) 2600 0.54 ~2.81
TUA(1) 1.9 JE (1) 2810 2.35
e 1.43
Z(EHR) WAE(3) 2.63~4.62 3.41 KHE(1) 2830 0.04
R () 1.32~3.09 HER (1) 2630 1.16
PASEC)] 2.44~3.16 THCEAQ) 2800 0.18
R 2.56 \ § . 9
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Fig. 3 Heat flow calculation process based on Curie surface in Changbai Mountain area
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7, n-1 Z,—q "=2
(Tn—T0+(?n~ZZ,'~Ai+Kn 1

n =1 n

qo0 =

H O, A SO 3 1A TR R o8 A )
PEAE Y M R g TR A S TR R AR g0 S5,
M 2 2 (14) 158 g — )2 06 07k B2 40 et B2
AR, DU 2 013400 B S kb 2 R 07 % R b )2
SER AT HL R T B E, Z 5 DI IE J5 i &
FRTIT A5 J2 I I B S, A5 B 28 1 I 1Y 45
JZ R AR B S A, VR AT B U5 1 B 4
24 HRESERERIE

HER T M b BRGE SF T R AR B B TR VT AN
A RSAE T, S AT R T B Al I v R B R
et VA IS S 3 fe 220 1 B 5 DX b BACREUE  A . SR T
IR A 550 SR VA i 5 DX b P A A AT B o 1Y
i DX SR R S Ll DXk = b ARG S X D SR R
% 7y 1 T U BE B, PR, RR AR R AT, SR HUE
B A5 B A BT 3 AR R SR T B T I
K R IR e o T2 AR H R, 38 E 05 A T R
Pt S T 000 & R R R R SRR L A AR B A
TR T BRI A i R A L B N R T R A S
178 IE (Norden et al., 2020).

Bifi 5 TR B Y HE I, A 0 eE  BE AR T ¥ 4
S W T ATITI= I 7 e U R T R | WO R DA
JI¥EITRE 0. TR S DR ARG, AT R N
15 1 BE 0 AR Ak ks O AR A BB, e AR
AR EE By B AL T R AR E AR R AR o AT
R IE 7, B R B S R T A AR M
ANHRIF], AP R A 3 DR g 5 0 B ) 728 Ak s 4 AH
BT AS AT A0 #4305 TE Y 30 e 3R Al 2 AN 1
WA, Bl S IR S A9, IR X G R 5
M) £ 72 38 K F FE 7 X 345 3 (1 52 I (Vosteen and
Schellschmidt, 2003; Riihaak et al., 2010; Fuchs and
Balling, 2016;Lemenager et al., 2018), & A< 3C X & A
PR A TG AT IR B P R AL IE

HY T (] 25 P B %) A 5 23 508 Ui 1) Uk
PEAST], 5B ) PR B IE AT A 757 ZE AR B AN [R5 1k
I AN ] 04 #0301 A 2 AR S0 SRR 1 1
Db 2 5 AR 1, TERRRE A R A R TRV L KR
s B R o AT AR RIR E R B IR AR

(14)

ARE R T AT R R R P R I N G IR
L, &% (Vosteen and Schellschmidt, 2003) 2
H R IE 2 5

K7 = Kooc/{0.99+T]0.0034 - (0.0039/Koec)|}.  (15)

Koo =0.54- Kysec +0.5- ([1.16- K2, ~0.39- Kasec.
(16)
Kr = Kooc/{0.99 + T[0.0030 - (0.0042/Kpe0) |}, (17)

Koo = 0.53 Kasec +0.5+ ([1.13- K2~ 042+ Kasec.
(18)
Hop A 15). (16) & H FUEUS; AL 17). (18)
T kO B AR R Ky o R IR E R 1
R, HAL W (meK) s Koo 4R 0°C IR XS R Y
TR, AL W (meK) 5 Kyseq 4 25°C X i A 4
SR, AN W (meK) s T X R BE, Bl <C.
AR T I B R 0 IE, TR AT 5 1E A
AH X T8 B4, 7K SCE#E Fuchs and Forster (2014) 4% ) 4
) B T OURUA OB DL B8 o (4 e ) 5
R IEA R
Kp = (1.095 - Ko wipa — 0.172) - PO-0088:-Konpa=0.0067) - (1 g

Horfr Kp S Xt R R R i #GR R, B W (meK)
Ko wmpa N FE F1 28 0 Mpa B X3 17 A9 38 5 3R, B
W-(m-K) "5 P R Xf B T, B R MPa.

Ry B UE AR RS T R 5 X U IR K K
PR TR Y M, M A DL AR AR v AT IR
U R R Hb A X TR (] 4a), TERE AL, fiR
FEAE T2 MR, B2 B NG R h 25W-mK) ', 2
PEN 1 pW-m>|, B R 2600 kg'm >, JEEE N 4000 m
BB AR M 2, Hb IR B R 15°C, i JRC TR BE S 550°C.
FEAZABE AL T o 390 R A TE R 6 YR R TE IR
RSB IE TR IR R I T R AT IR A
TR, 15 20 LRI, anE 4b R,

ML 4b Ha] DU, B TR R ) TR I R
SR P, AR IE AT R KR S %
b2 L X /N IR AR A TE R S I A
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Fig. 4 (a) Hypothetical formation model; (b) Temperature and heat flow comparison calculated by uncorrected thermal

conductivity, thermal conductivity corrected by temperature, thermal conductivity corrected by temperature and pressure
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Table 6 Corrected thermal conductivity of
different layers in Changbai Mountain

Wz PHREERW-mK)  RERERSREW-(mK)T)
Q 2.65 2.65
N 1.63 1.61
K 2.19 1.90
J 2.44 1.79
T 2.56 1.78
P 2.83 1.87
C 2.82 1.68
0 4.98 2.63
€ 2.82 1.63
z 3.41 1.80

29 291 1.69

TFRZE R A 6. K A L HLIX 150°C 75 b 4 4% a T
PEURAE 3216.9 ~ 4228.1 m Z 1], B4 2 U7 ¥ AR K
A6 e VR A RRAE, L, H AR TR I R AR RR AR 5 R
b PRI A3 A R B R G A DG, JE T R TR 1Y A
FEAE AT R 5K 11 L Ml DX R 48 8 1) v e B A O
L b XA 150°C 15 it 1 A 55 3 1E 7E 5000 m
DLk, SR 8 Ar 0 b 4R 5% 5 T SR SR i

4 HHE
41 S ERE X R IR A A S

TERRGR I Hh, 5 M5 i PR AL AT 5 — 2R
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Fig. 5 Surface heat flow distribution in Changbai Mountain area
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Fig. 6 Distribution map of 150°C temperature geothermal isothermal buried depth in Changbai Mountain area
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Fig. 8

The red line is the temperature and heat flow calculated based on the corrected thermal conductivity. The blue line is the temperature and heat flow calculated

Comparison of well measured temperature and heat flow with calculated heat flow in Changbai Mountain area

by the thermal conductivity at room temperature. The black line is the well temperature line. Well temperature line quoted from Jiang et al (2023).
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Fig. 9

Red dashed line represents the temperature curve calculated in this paper,blue dashed line represents the temperature curve calculated when Curie depth is

20 km, black solid line is the measured temperature curve, and the black dashed line is the extension of the measured temperature curve.
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Fig. 10 Heat flow distribution and fault distribution in Changbai Mountain area (Fault distribution quoted from Zhao,2019)
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