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Abstract: Gas composition, abundance, and isotopic compositions of geothermal systems can not only help
identify the source of geothermal fluids but also trace the formation mechanism of heat sources. The geothermal
resources in northwest Shandong Plain have been exploited and utilized on a large scale since 1998, but the
formation mechanism of their heat sources is unclear. In this study, the characteristics of dissolved gas
components and isotopes were used to explore the heat source generation conditions in northern Shandong Plain.
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The results of dissolved gas composition showed that the geothermal gas is mainly composed of N,, which results
from atmospheric precipitation infiltration. It circulates deeply in a relatively closed geological environment,
mixing with a certain amount of gas from the deep crust or mantle. The crust-mantle heat source distribution ratio
in the study area was calculated to be 0.90—1.57 based on the *He/*He ratio. The crust heat flow accounts for a
high proportion, and the heat source is mainly radioactive heat generated by crust rocks. Among them,
the sandstone geothermal reservoir is less affected by tectonic activities, and mantle heat flow accounts for
approximately 45%. The karst geothermal reservoir is obviously controlled by structures: the mantle heat flow
located near the deep fault or the contact zone between Jinan intrusive rock mass and limestone accounts for a
relatively large proportion, up to 48.77%—-52.75%, indicating that convective heat flow accumulation occurs from
the upper mantle along the deep fault or the contact zone between rock mass and limestone, in addition to heat
generation from normal terrestrial heat flow conduction. The mantle heat flow in the stable block between the
Qiguang deep fault and the Jinan intrusive rock mass is relatively small, accounting for only 38.87%-40.97%,
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indicating that the deep heat flow in the relatively stable tectonic area is less.

Key words: mechanism of heat sources; gas isotope; dissolved gas components; northwest Shandong Plain
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Table 2 Content percentage of dissolved gases in geothermal fluid
He frE (kAL RIR, “He/ 4,13" ‘HeNe O Ceor 9 Cony RJR.
N, Co, 0, Ar He CH, /10 /%o /%o
W Pufik
DZz2 TH 96.57  0.0064 0.04 1.37 1.58 0.30 0.27 3.73 837.00 -15.3 -35.7 0.27
DC2 3y 81.41 2.95 13.94 1.66 0.00 0.04 0.16 2.30 122.00 -17.9 - 0.16
DYl K& - - - - - - 0.28 3.98 20.00 -26.0 —64.4 0.27
HK1 A 69.51 0.78 18.58 0.98 0.00 0.00 0.28 3.93 12.00 -28.0 -66.5 0.26
IR P

DZz1 TH 88.24 1.15 0.09 1.53 1.22 7.05 0.37 5.17 886.00 -17.8 -55.6 0.37
BY8 Fi] 7936  0.12 15.59 0.92 0.00 0.01 0.35 4.87 330 212 - 0.29
BY9 PN 72.61 1.30 24.65 1.43 0.00 0.00 0.08 1.12 15.00 -13.7 - 0.06
BY10 KA#f 84.65 1.17 13.09 1.07 0.00 0.01 0.09 1.29 25.00 -4.3 - 0.08
BY15 M 7464 0.1 2353 141 0.00 0.21 0.09 1.30 13.00 -16.9 - 0.07
BY12 55 75.99 1.25 21.47 1.25 0.00 0.03 0.10 1.34 25.00 -10.6 - 0.09
BY24 WM 70.29  0.58 27.60 1.52 0.00 0.01 0.12 1.74 9.70 -7.4 - 0.10
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H:: R/R, NHEN: *He/*He {65 KX, *He/*He {E.(Ra =1.384x10°9)Z Lt; RJ/R, WAL ML IE I (1) *He/*He {8; 6" Cco, A CO, H KT FS 2E [H]
3, 8 Ceny 2 CH, H A RRER S TRV 385 X B IR He 5 45 He (¥ HAH, qo/gm FFEIB IR HE(H
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Table 3 Test results of hydrogen and oxygen stable isotopes in geothermal water
i VA= 0D/%0  8"%0/%o d/%o Y (VA= 0D/%0  5'%0/%o d/%o
1 I 37 7 0 1 el —4990  -9.70 27.70 33 TokREE RIS —-73.00  -9.20 0.60
2 I ¥ 7 I el -50.40  -8.00 13.60 34 TN TRV 22 B -61.00  -7.80 1.40
3 I 35 T ~71.00  —10.20 10.60 35 TEEH T P B RV -61.00 579  -14.68
4 W T 5k B oo B B -76.00  -9.90 3.20 36 i FE T AT L —-66.00  —8.90 5.20
5 W3R T A X —~70.00  —9.50 6.00 37 Ve B K 5 R -70.39  —8.53 -2.15
6 TR 2 B I X ~71.00 -9.70 6.60 38 A 2 el At -75.05  -9.59 1.67
7 TG A7 402 ik S ¥ 3 ~73.00 -9.70 4.60 39 Bl 177N DX b R -80.94  —9.54 -4.62
8 1 i BRI AE el ~72.00 -9.50 4.00 40 TR s B A -76.00 —10.50 8.00
9 T3 7 3E Bk ) 46 1 ~72.00  -9.40 3.20 41 B T SR /N -71.30  -10.10 9.50
10 T3 e B ~73.00  -9.40 2.20 42 ST L b R Y S —69.40  -9.80 9.00
11 T, 5045 T VY e ~79.55 -9.05 ~7.15 43 R TS RE D 4k X —68.20  —9.70 9.40
12 YOI A 1 B 98 5 -90.67  -9.16 -17.39 44 Ve T AL RB AR -68.10  -9.60 8.70
13 B ER=A N N —66.00 -8.80 4.40 45 R D7 XAk ) A -62.80  —9.20 10.80
14 I T8 T3 B /N X -7037  -8.03 —6.13 46 B AL SR 2 —67.40  —9.00 4.60
15 MR X EIER -66.60  —6.93  —11.16 47 B FE D7 X TR —63.40  -8.80 7.00
A /N X
16 WIS 2R B N & 7 A W) —67.22 -5.71  -21.54 48 F A=K A -68.30  —8.70 1.30
17 FEM PG i SR B AT -80.94  -9.54 -4.62 49 ST By B A —63.40  -8.00 0.60
18 TR T PR X ~73.00  —10.00 7.00 50 R 9 X 5 L S -55.50  -6.90 -0.30
19 T T T T ~74.00  —10.00 6.00 51 97 1 T A BRI -63.92 939 11.20
20 PN THE I & X —-75.00  —10.00 5.00 52 ¥Rk 34 SH: -71.00  -9.10 1.80
21 TR T IF A X —74.00 -9.90 5.20 53 AT 2 B -70.10  —-8.70 -0.50
22 PR T AR ~75.00  -9.70 2.60 54 Pagesy A -66.63  -7.03 —10.39
23 TR 7K S BN 5% I B ~76.00 -9.70 1.60 55 e GESTE —64.85  —6.40  —13.65
24 RPN T 5 B2 A Pl 21 -67.00  -9.20 6.60 56 [LEEREE S -7320  -9.96 6.48
25 I &, L % 3k 2 55 el -72.00  -9.10 0.80 57 KENHR= —68.00  —8.20 —2.40
26 TEMN TSI E KA ~-70.00  -8.80 0.40 58 ARE TP — % —67.00  -7.40 ~7.80
27 BT SRR 2 -70.00  -8.70 ~0.40 59 B A B —68.00  -7.40 -8.80
28 TN T LT R —68.00  —8.60 0.80 60 RETHBRIE -62.00  -7.00 ~6.00
29 SR BT R o 2 4k ~70.00 -8.50 -2.00 61 =i —66.11 -5.79  -19.79
30 THEATTEAIR -73.00  -8.70 ~3.40 62 2B T AR AT —73.00  —-9.40 2.20
31 TR X K ST AT X ~60.00 -590 -12.80 63 AR BANE N ] -64.00  -8.10 0.80
32 TN S —66.00 -9.10 6.80
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VE R K BN A 800 TR 28 38 et A 14 i e 4R b o
d BB/, MR KA I B S, AR L, Hh
JOU A B R s PA, R OK B BT R R R D 55 (A,
2001) XF He A #7745 T b 0K D ad S8 dEH, M .
AEH X UK d HAE-19.79 ~ 2.2 Z 0], KZ R
(BRI T (E; FEM . Wt X oK d {57
—21.54 ~8.76 Z[0], Z RIEMH, XiUlPE PTIL)R
iy AR DX P R A S . AR X b AR B B 2 TR
BRI, A2 S (ARG 5, BT BE T AR A5
I 065 PG {840 5 e A IX s B B 5k P R KA T L
B p e v Il R ARG, H R 7K A P i )
R

3.2.2 He RiESH

T IEH R RO S, N5 %z
Pl S R RS, DRI Rl Al R A AR gk £ 4% b
HERAL 2B S 19 20 1 (Luo et al., 2017)., H BjHbpg
P M AR HUER TR BT D 46 1 P AR 1 8 43 A I
FEZ He. Ne Ml Ar, RAHHIEHEARBIA N2
L ER LS R, ok A i I SR 2 I
M 5E A A B O R 28 3 A8 r 5 | R 9 45 Al A%
N7 Y o He FEHUBRAN ]2 1 TR0 38 4 AE A 25
R, BRI He [RI42E AT LA Sk o 0 ) 31 4t
AR SRR UR, 1T AT LA AT DX I D 24 A
TR . BRIV RS K AT R A E R .

W H L R(FESS *He/*He H(H) 5 R,(KS *He/*He
FLff, BP 1.384 x 10°)Z [A] 6 R K FKIR He [N &
BIHFAE, 43 BT Hb7E 5 b b Xk 28 G0 P9 R A k19
(Tang et al., 2017), HAEETAMIREE R, MR
He 1) “He/'He H{HTLFEI A (@ +1) R, Fibig
*He/*He H{H>30 R,(Hilton et al., 2002), Mamyrin(1984)
TS H 2l b7 B R 4 *He/*He HUAE 4 0.01 ~ 0.1 R,,
LB 5 25 SR XA A B S R 1) o e E R LA 4R S
VEFH o Mo b I 3 (4 He F1 Ne HAE 92846 2 T
R N S8, W] He 5 Ne W HAT — & I HHE
4 (Craig and Lupton, 1976; Honda et al., 1993), KX
1 *He/*Ne 1 HE4 0.288(Sano and Williams, 1996),
WF 5% X M ARG *He/*'Ne FCETE 0.41~886 2 Ji],
ET RS S, it *Ne f51F *He/*He HfH K
ke 3l #4428 8 HP S Y RO TE B0 R S (Moreira and
Allégre, 1998; KiFF4, 2022), K] Craig et al.(1978)
P R IE i
(i) ()~ (o), = (%),

(R)s < (),

K, R RIRX KA He 5 PKIEZ G

‘He/*He M, FAR S Fil a 23 BIFRmAEMFIRS .

R. =

A Xon A HLIE SR VR He 4 5 He MR BE 1Y HA71,
— AR T8 —OTTR A BROS H A T, K
A ZRAERIEN *He/'He HAE N 8 R, Zlih7e
VR *He/*He HAE A 0.02 R,, K AR

RJ/R,= 8Xu+0.02(1-Xy)

AR He A5 hy Hu b 15 <A FH K s
RS A B EEAE, Hod He JLF2F00R T Hubg .
TR “He | *He 3 54051 55% . 18347 A 1E A
KX F, Frih *He/'He HAH 558 B HAE gm/ge 2
)40, )8, 1 AH DG G &, *He/*He {8 AT LA R S0 48 718 K Fifi
2% P H A 21 9 () A X B (O'Nions and Ox-
burgh, 1988), 2000 4E, F 7 (2000)H4E He Al &
578 WM R, MBS E Z AR
FSEPE R B, HtEARITF:

qe/qm = 0.815-0.300In(R/R,)

K golgm— KT H X 1) H 572 PR I 3 1 B
W F Al ; R/R,—HE G *He/*He 5 K< He/*He 11 [
i

W AREE S CHe RBUKEZREK, 05k
fitith *He/*He M {H N 0.12 ~ 0.28 R,, K IFJ5 )
*He/*He A R. 79 0.1 ~0.28 R,, FENEY *He/*He Lt
5GBS T 0.1 R, B8 47 g 5 iy
He, ‘HiEHUMEH *He/*He A M 0.08 ~ 0.76 R,, 1
1EJ5 0 *He/'He HAH R. N 0.06 ~0.42 R,, H,
BY9. BY10. BY12, BY15, BY24 K iFJ5 *He/*He
AT 0.06~0.12 R, *He SRR, FWX
Sl O SR R SR IR B He 2050 7 i EL B4R,
R 1 3 AT B TR AT o AR F 9 DX PN A [ A
PR oy i K R ZARHAE, o8 He MORUELL
SRR 5, RIS A5 b R IR He AN
Ao

4 FRIEHLH

4.1 6"Cco, 317

CO, FEHTIE it A 42 /s MR H A 32t 1 2l W7 BLRR I 1Y
RIFIRRZ —, BRI CO, (A2 I PT BEA7 16 K AL
(Y Hb 2 B <3 #2 (Frondini et al., 2009; 74 i 4%,
2022), #i4 B (1995) N KB Fa e [ F (07 Ceop) Iy
AT LU AW COp BUPRRIE, Z8ad a8 14
TR, TR KA 513CC02 = 7%, A LA
0"Ceo, T FAE-10%0 ~ —30%0 X [0, TG HL AL [
0" Ceoy>—8%0, FEAE—10%0~+3%0, JLHLE A CO,
HhE R B IR AR A AR B AR VR AR LY 6 Ceo,
BN 0+ 3%o, K 1L -25 3% BE DR A0 4t % J3E s BT £
0"Ceoy = —6%0 + 2%0. BLAN, R4S 5 KR AR
Bl CO, LY TE B B 2 37 1 3 1 B 2 A G 1
AR, IR CO, UM A F 4 3 BREE (P 52 61145,
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2007).

(D454 He [FAIRSHTEER, ANRIZER A
IRIETEWI IR A Z I, "TREA gk IE CO,
A, BY10, BY24, LC1 =44 6"Ceo, HTE
~4.3%0 ~ —9.7%o X 1], KF-10%0, T 6"Cco, [HZ
FE—10.6%0 ~ —28.0%0 DX [71], 150 B i #oK 3K CO,
J PRI A 5 32 A s AT LA, A o
A X 5L RS IR He SRIE 5T —3

Q)% 7 L F (BY10 . BY24) BUEE 5 K A
5P Con MH4Y M H—4.3%0 .—7.4%0, HEITTF K ILIA S
A IR LR 0"°Ceo, = —6%0 + 2%o, 1H T A ] i,
I 6"Ceo, A HMER, HANEHIIK S 5H L
DU C IRA WAl 74 —6.5%H 6" Ceo, E(Sano
and Marty, 1995), B {UFAH—) §°C 4Iaixt
CO, R HEA T FI 5 BAT —E B WRIXE . F 0 5
He 1 CO, n9if i HA G P M F#E(O'Nions and
Oxbuge, 1988), 7E4MHT CO, B PERT, HF 0"Ceo,
A1 *He L [R40H mT LLAERSH1 5] C B9EE . Sano and
Marty(1995)%F CO,/ He Fl 6°C $2 Hi g HCIH, 72
T 2 6 A0 I ok R R 38 5 A ML R — e TR A A A
6 FTR A =AM CRI3E T 45006 COo/°He HEAE
BT AR, MW | b 5T R Ak A8 ok R R A AL R
ZAN G 6YCeo, 1A R —6.5%0 . 0. —25%o,
CO,/ He HAEATHIHL 2% 10°, 2x 10", 2x 10",
PLAE 6 AT LA H, BY 10 i C £ 3105 T 58 AR IRk
AR AR R AR B g BY24 BEFF T4, (HAR
P T #5501 T)E G BTR 0BT, 551 Wi ZEAE T FH X,
JERDIE 2 Fung, RGN CO, ERA M, FE
R 5E DR R R A8 B R o R (LC 1) BRURR A S M
8" Cco, 1 H-9.7%0, HEIE—-10%0, 454 He [Flf £4k
A, TNl CO, R UEA MR A, HE PG 0 o =
KW RS TIWEM IR CO, EM, EM T HA R
H g i i

10

5 Y B IR 5 7 T R IR
[

®BY10
®BY24

|
o
T

eBYI12 1

®BY9 DZZ

1
)
o

6"C.o (VPDB, %0)

° °
BY15 pea DZI
°

BY
xI - mDY1
SE A B A mHK I

® 4 ik karst geothermal reservoir

B b %5 Hefif sandstone geothermal reservoir
~40 1 )

0.01 0.1 1 10
R.R,

Bl 6 S 67Ceoy-R/R, KT E
Fig. 6 Relationship of (SUCCOZ-RC/RZ.
in the geothermal gas

(3) & E (DY) . ¥ H (HK1) BAE & A
0"Cco, MHAE26% ~ —28.0%[X[A], i FIRAGLT
T, IEEEIR AL, A MU B, A
Rz X PR S A LR B AL T e R AR
4.2 o Ceu,

ARG CH, WRIE Z R 248, kYA
CH, =%l 20 TR A2 P34 it R A WL DR SR 1k
ERT A, ENAE R KN 8+, 474
CHu(Garcia, 1990), TRERRER L A (1Bl /D 25 7 3L
CHy W77 Az, 16— R IR K IR IR EL A5 v,
— B T RA LM, CHy A7 A2 BRH, et
BRBRER I SR T B9 7 CH, 3R 48 (Whiticar, 1999).
TE—EWE R G T, RS CHIE £
SRR . M HRKIREE R, KA oK A o g
AU CHy, Ak 8L 7Y 1 ft 02 T0 B 40 v 19 R SRR
(Welhan, 1988; Jenden et al., 1988). 7554 41 i 115
BUF, AT RIS R AR AL E L R Fe)ld, HE
A=W RN HE AR Y CHy W AH XS A W (Poreda et al.,
1986; Clark and Fritz, 1997), H:rh, A= 4 al R A1,
2 TR A e i P R e b CH, JB B 32 22 s [
(Cinti et al., 2014) AL K CH, 3 % A9 8 A CH,
HE BC, H 0 Cop, (HIEF H-50%0 ~ —30%o, itk
YIS E 1 0" Cony (EILEITET™, H-100% ~ —50%o
(Kawagucci et al., 2013),

ik [F) 37 22 JHRAIF J2 X 43 CHL F1 CO, BRI A 3% T
H.(Pang et al., 2018). H#R CH~CO, HAFIR R H11]
REAETE IR R 07 R A0 MR AR T, (H7E R LB R F,
Wk IR 2 I VE AR 2, WIS 6"Cen, 5
0"Ceo, MMM, 88 CHy B9 A% A 28 7 (Horita,
2001), ARIEAUCREE M ZAREE SR 07 Con, S0 HT4E
R, ENZERERME 7 s,

HE 7 ATLVE W, PRI A HKL .
DY1. DZ2 MR 67 Cop, (HIEAR, NAEY
B, BT ESRR & B4 CHyo oAz B SN 3
Fi: CH;COOH—CH,+CO,(Whiticar, 1999), £
#fiti DZ1 1 0V Cop, (HE ), B THUKE CH,, X
S T I T SO0 T e K AR B W 43 i T AR
CHy, 3t 5532 P b A0 1R 1) T 3 265 10 (82 °C ) i
— .

4.3 He R RS

FIF R/R,-*He/*Ne ¢ Z K nl LU K AR Y
K U5 B ARG PR TR B o AR AR U BRURE 3 B 3 3 4
W, &M HSAREE S *He/*'Ne-R/R, F R K 8
FiR

AF 5 X b A A4 Hh 2 B2 5 He (5 5L He 119 L £51)
IR 10% Eiiig2k, KU He YRI5 R H
T, RS RS IE He A9MA .



% IR CHURRIES

102 Mo BR
40 T T
1 1
1 1
1 1
30 1 1
S 1 1
e 1 1
2 5 1 R H o R VAR ERA
a 1 1
&~ 1
3 | 1
210k ! !
o 1 1
|©] 1 1
or 1 1
1 1
1
-10f H H
1 Dz-1
o .
-20 DY-1 i
E e 1 I
HK-1 Wﬁ@/ﬁ@%i i
-30 1 L L L L
-90  -80 -70 -60  -50  -40  -30 -20  -10

0"C.,(VPDB.%0)

E7 HWHRSHE 6 Cons 5 67 Ceor XFRE
Fig. 7 Relationship of 6" Ccn,-6"Cco,
in the geothermal gas

10 100% - Mg 2

30% bW 2
20% 4 98 2
10% [ 4 )2 2%
5% [ hE gk

& 3
[+
= BY$HKI hvi oDZ1
=DZ2
=DC2
01| 1% [-Hh)8 2k
100% [ 7% 2%
0.01 L L 1
0.1 1 10 ) 100 1000 10000
‘He/*Ne
W gk El R E
sandstone geothermal reservoir karst geothermal reservoir

B8 HASH MR ‘He/'Ne-R/R, KX RE
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B EGE He RAIE ST
WA PAEHI VSR He R 2T 5 HCE SEA A
] o Mo JR He fi 5 He 214309 1.78% ~ 3.23%, #J
IIAGTE 1% b HIWBLR 5 5% bbb Lk 2 [a], Hibs B
di H 42.43% ~ 45.61%(3 3), B NFasE . He HISEIA
N —REHFE U Ml Th B ZEA 74 *He YR
AN ;o b T S S B RS U S 1) L T
LT PHe BAERRIE . HuIX NS FAGE G52 25 M 1
Va2, ZWr 2 bIEsms /N, Hae s ot R
BN AL PR IA N He 19 FZRIE, 1k
He 5 Hef /N HARE o
4.3.2 EHRNE He AIEDH

AR He 0 A5 XA, Ab T 100% - Hi5e
85 10% FHRER Z 0], A7 4 B i 25 A e A 45k
B,

(1) 2558 TR W 4 BT S8 7S+ 8 1 1) g A 3
fl. DZ1. LC1. SY1-5 SEHURE s T 100 2% Iy R4 ff ik,
HipEE He 5 5 He 414035 2.35% ~ 4.46%, 434
FE 5% b MM 2R BT, S Wi T 4 5 1 A i

4.3.1

TRBEIR I s, F P A AR X B o g B
Foik 48.77% ~ 52.75%. *He T HWF IR KW 2 th it |
T, W25 TR R W 24 Ry SR IR ] B4 HiGs % 42 it
TIEIA; ‘He B9 FBRIFIE A A ACAS AL b 45 2K
H U F Th BN PECR A48 . WIE TR K ZF e b
T IE T ST IR EE 21 0 R R M PR AR &R
P A7 R 3C 00 25 W 440 1 T MR K IR TE 285 SY2.,
SY5 F3 AL T W02 Wi 22 Fr) R T 4 5 1L SR 2R
R B ELT LR, W RS S A, I
DT 2 ) 3 1 TR T IAE BB T 3K S Y R T 2 1) e A%
i, DR PR T K AR BOGR BRI S, W e 1B i Pk Wy
AT ) VTR B IR A, KIS T AR T B B T
PR TR O, BE R SRRl
BHEZe . BN EE | Jes iz, Ham FE
ZRH, AR T HAE OURR, P T R . KM
FRGRAL T K BROGT JEAH 2B TN B 8 7 R oo b 3 A
JERHEIX,

)7 T 5% B 2 PR 5 55 ) W7 28 v ) 1) A e s B
Hu BT 4 LA XA /N, BY9 . BY 10, BY 12 . BY15,
BY24 #f AL FH AR AL SR TR IR, g
I He F D, B ATE 1% FHIE LT, £
INTF 1%, BEIFHRE &5 A 38.87% ~ 40.97%. ZIX
Sl b PR A SR R R P L DR R AN 2R
PR XS RRE, M i 5 it ) B /D B R
wRtA —E R, hARCE R AR AT R IL
PR B . BT, RS Wi S A AR iy
ZIAE R E R b, Mg IE He WA MR
T EPE, Mg HGR RN

(3) T B A VR BT S /s HH =5 Y He W 5 b
RO L o B R M AL T AR b s BE Y AR,
AAE AL 5 138 A< FR S R A AR BT LR
U A TR AR T % 0 R R AR R (M R 4K,
2005), *He 57 B A 155 B 1 32 fltty 3 10 A B
JZ2  H B 8 ] UL, BY 8 HRUFE A BE 5% b2k A, 5
3.4%, Hb B RS PR R L B3k 1 . M AR
ik 46.91%, 5 8 BBl HOAE o g A 5 L
7.21%~8.04%.

He [AIf7 Bk T AT LAAHRRASARTE X AN, 45 He
FIfL R 550 . @R AAHCOCR, AT R FEig ik
Uik, R R A IS E AP 8 A PR (B A 5
2019),

g=qmtq.

q.=DA

g— RHPGFRAE, mW/m?, D—HFE S e &
B 2R RRE, km; A—F A B EA PR, pW/m?,

R AR — R AETE | e, &
e X b SRR 25 km, D E— RO
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60%~80%, A< H% 60% 155, D BUE 15km(GR 15 HEHI
EREAAT, 1998),

HPEZR 4 ATLLE 1, HOEAARRE S b b i i 5
He 5 5 He % 0.53%~4.83%, [HItk He (93K J5 14 DL b
SRV N TS, SAHOEME He A, 215,
WF 5T XD At 5 25 1 B 7e 8 A L A9 (g /g m) M
0.9~1.57, Hil8H N 23.32~39.02 mW/m?, HiFe
TN 29.64~40.98 mW/m?, 7% 5 A1 AR 1.98~
2.73 pW/m®, MBI g di KHBITE ¢ ML BIR
38.87%~52.71% W25 Wi %4 K s B o AR 5 0 422 ik

WP SY2. SYS. LC1 Fl BYS8 5V #Afif /2 b g 4
Tk FEER, 3K 46.91% ~ 52.75%, HE/R8 HHGRER T
K A BSI K HAL R ISN, B 2GR A ETRR
Wrd I TR, IR LEI i 9 s, 5%
W25 B AR A A R 22 18] B R R b e A g A
XN, ALK 40% 204, Fi 7 H: 3 28 PR R Hh A
AL \oj‘ﬁ?ﬁﬁ‘ﬁfﬁﬁi%(zow)%ﬁi%’ TS 2
PREER LIS IR INIE S F2, BLAT “WR 7o g IRHIE
A5 X 2R 3 T iﬁﬁﬁl‘\iﬁnzjlﬂi b9 A o G
K 38.87%~52.75%, XFh2E 5 Al GE S RAE AL B

4l

Y]

F a4 HFE. HEBRREMEARFHARETE
Table 4 Calculation of crust and mantle heat flow and average heat production rate of rock
o o Xy a/m g Gn g WS R SRR Gnlq
1% (mW/m?)  /(mW/m?) /(mW/m?) 45 R ELE /km JuW/m?) 1%
Wb it
DZ2 TH 3.08 1.21 63 28.48 34.52 230 4521
DC2 TR 1.78 1.36 60 25.46 34.54 s 2.30 42.43
DYI RE 3.18 1.19 75 34.21 40.79 2.72 45.61
HK1 Nps| 3.05 1.20 75 34.15 40.85 2.72 45.53
H AR
DZI1 TH 4.37 1.11 63 29.80 33.20 221 47.30
BYS$ FEi 3.33 1.13 60 28.15 31.85 2.12 46.91
BY9 K 0.53 1.57 60 23.32 36.68 2.45 38.87
BY10 PN 0.77 1.53 60 23.71 36.29 2.42 39.52
BYI15 ri 0.66 1.53 60 23.73 36.27 2.42 39.56
BY12 FEi 0.82 1.52 60 23.82 36.18 2.41 39.70
BY24 BrbH 0.97 1.44 60 24.58 35.42 15 2.36 40.97
LC1 T3k 4.83 0.98 60 30.36 29.64 1.98 50.59
SYO1 BRI 1.39 1.30 70 30.42 39.58 2.64 43.46
SY02 E Ve 2.35 0.90 65 34.29 30.71 2.05 52.75
SY03 PLIRES 2.96 1.05 80 39.02 40.98 2.73 48.77
SY04 FRIR 1.36 1.35 65 27.67 37.33 2.49 42.57
SY05 W 4.46 0.96 70 35.73 34.27 2.28 51.04
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Fig. 9 Conceptual model

of heat source mechanism
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FERHA 3 AR E VAT 3G (Pang et al., 2018); 574k
M DX AR AR N UT(T 458, 2017), S22a A 3R
SR A BRI, Sk A TR R A AT R

5 4

()M BRI AR o 5 R AR E R R
FRAEHE 7R VUL B X R $A0K 32 ZORVE T R A%
KA, FEAXE S A %) b 5 B 5% Hh DR ARG B8, 3l 2o IR
TEIRIMPTE B0 o A it o I A RS B
%, feRHHOK RIS B2 B rp 7 2 T KA TRl 2 58
o, HEPAEHAOKR R 60 HIEEBHE,
F6 7R B IKOK 7 R R sS g AN B g, HL AR
SR Y E B RO IR T RAEKIA BN

(2)Hb 5T PRSP D0 2R 3 AR S D 2 B b PR
1A He (9 FER U, I He o5 Foi/h HAaE, M2k
PIE L T 42.43%~45.61%, =5 HE R HL G S
T, TR N P A2 DR R WK 24 1) 368 ) e 5 B I 5 T
55

QYA AE He WRIELISTE N £, RN &
A ISR He MMA, E2R A FITIRKE
SEWT R KR A B Al 1 13, CO, B R AT
i e Y5 R 55 Ak I 2 R O T S T 1 e A I
g PG 5 FL AR, iK 48.77%~52.75%, ‘B NI
2 W45 b A % H DD RITR B3R 2] g, f5
TN R R ZE 7o W 24 K R 5 R ity b T P TR
XA B S 22, BRIE B A G R K b G AL 5
R HTIRI W e A2 5 T o e s o SR 4K
A0 TR b e DX Sl 8 P o7 EE A 38.87%~40.97%,
PR 2R KR AL T R
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